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1. Introduction

Current models of different physical phenomena typically represent their objects of interest (e.g.,
systems, states, events, or other entities) by what we could refer to as separate mathematical points,
usually organized into an abstract space of some sort. For example, the state of a system in classical
mechanics represented as a real-valued point in the phase space of a given theory, the state of a system in
quantum mechanics as a complex-valued vector in a Hilbert space, or spacetime as a manifold with
various functions defined at each of its points 12 In such an approach, the objects, or values of physical
quantities, as represented by the points, can be either two (or more) points distinct from each other
(regardless of some possible overlap between the actual contents, e.g., states that each of the points
stands for) or, alternatively, one and the very same point. Such points are typically considered zero-
dimensional objects, thus having no size (or shape), and described using real numbers, with infinite
numbers of digits, which implies an infinite precision of their determination (which is common both for

spaces considered continuous as well as discrete, that is, ones with discretely-spaced points).
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The notion of infinity, as it appears in physical theories, has long been considered conceptually suspect,
and it is rather doubtful whether infinities actually exist (in some sense) or can be an accurate
description of any physical phenomena E} They could suggest, in particular, the possibility of infinite
information contained in a finite volume of (physical) space. Regarding the points, as described by the
infinite-precision numbers, since they are considered themselves to have no size, one could argue that it
is not sensible, to begin with, to posit that any concrete physical ’thing’ could actually be composed of
elements each having literally no size. As an alternative to such infinitely-precisely determinable entities,
suggested as a possible remedy for such conceptual difficulties on the fundamental level of numbers used
to describe the physical phenomena, introduced recently was a notion of finite-information quantities,
with each such quantity to be considered as having a discrete (i.e., ’thick’, ’extended’) interval of values
associated with it [41. Since this implies an inherent indeterminacy of such a single quantity’s actual value
(but also due to its other characteristics), it may turn out to be a more natural notion for the description

of quantum mechanical systems Blput compatible with and applicable also in classical physics lo]

In previous work [7118] yye argued, however, that the *problem of points’ will also pertain to such discrete
intervals (as well as to other related notions that could be derived from or based on it; which, on such
view, would thus all count as ’points’). For if such an interval is seen as a set of values as located between
its two respective end-points (e.g., an interval of numerical length 1, centered at 1 and spanned on the real
line between 0.5 and 1.5), essentially the same argument will apply to those end-points (or actually to any
one of all the points that the interval supposedly encompasses). It was then suggested that what we
should consider problematic is thus the general notion assuming the separate points—regardless of their
(relative) ’size’—called therein a ”separate[d]ness-based framework” (SF), and that the construction of an
alternative mathematical notion is desirable and might be possible. Here, we will primarily show how a
negation of the SF might actually provide a reliable methodological tool, enabling the correct assessment
of certain aspects of different models of physical phenomena and the prediction of certain empirical
findings. From now on, to avoid confusion with what is usually considered a—specifically
geometric—"point” [ instead of the ’separate point(sy—understood in this broad sense as specified
above—we will use a more generic term, that is: (singular) separatum or (plural) separata. Let us

summarize its meaning in the following definition:
Definition 1 (Separatum). Any abstract object that can be considered separate from others.

The present paper is structured as follows: In Section 2, we state succinctly our main thesis, 3, describe

two general types of consequences to which it leads, 4, propose that they constitute a methodological
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principle, a 'method’ that can be used when approaching or formulating different putative models of
physical phenomena, 5, show that the proposed method might actually work, 5.1, primarily by giving
some concrete empirical examples where it allows to formulate predictions (or, actually, post-dictions)
arguably in agreement with what has actually been observed, 5.2, then also by indirectly demonstrating
its potential usefulness, namely showing how it might naturally lead to certain concepts (more or less
well-developed) that are actually considered in the literature, in different contexts, thus giving an
alternative interpretation and possibly an independent justification to some of such concepts, while
indicating certain theoretical difficulties the appearance of which the method would suggest to expect, 6,
consider exactly what might be the nature and properties, and how they could be inferred, of the
alternative mathematical notion that is suggested by our main thesis, and 7, give some final remarks and

conclude the work.

2. The postulate

Consider a single postulate: The physical phenomena are not representable accurately by the notion of

separata.

3. The consequences

What does this postulate entail? We posit—since the physical phenomena do tend to be represented by the
notion of separata—that it implies that two general types of situation will occur (which can be further
subdivided into more fine-grained categories, but the argument will remain essentially the same),
namely, whenever some physical phenomenon is taken (i.e., assumed, hypothesized, modeled, theorized,

etc) to be:

1. (@) One and the same object or ’thing’ (in the broad sense of the term), or (b) described by some
quantity taking one specific value (being, in itself or perhaps in different circumstances, the same,
or constant)—it should eventually turn out that, in fact, it is not really so.

2. (@) Two (or more) objects or ’things’ being strictly distinct from each other, or (b) described by some
quantity taking two strictly distinct values (perhaps in different situations)—it should, similarly,

eventually turn out that, in fact, it is not really so.
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4. The method

We propose that these two general points can be viewed as constituting a methodological principle, a
method to be applied when approaching different models or theories aimed at describing some physical
phenomena. What it would say is the following: Whenever one finds in a model of some sort a
commitment to an assumption of the type as made in (1) or (2) above, one can expect that it does not hold
strictly and so there must be some way, for which one should therefore look, in which the corresponding

phenomena are different than what is being expected in the given model, not satisfying the criteria of the

initial assumption’.
5. The application of the method

5.1. Empirical examples

We will now give some concrete examples related to actual empirical findings (some of which have been
historically considered as rather unexpected), which can be seen as falling into one of the two categories.

The assertions that had been made in different models are, for instance, the following:

* (1a) Atoms, or sub-atomic particles, are each a simple individual entity. Elementary particles, e.g.,
electrons, are entities localized in space, each carrying its very own ’portion’ of energy.

» (1b) Properties of physical systems, e.g., position or momentum of a particle, can be described prior to
measurement by quantities that each take a single definite value. Observation of physical quantities
made in a different order, e.g., z — p vs p — z, gives the same value as a result. Probability of
observing objects tunneling through a potential barrier has a specific value equal to 0. Scalar quantity
representing the spacetime curvature has a fixed value equal to 0. Scale factor representing the
relative size of the physical space has a fixed value. Duration of an interval of time between two events
has the same value for observers in relative motion.

* (2a) Objects, e.g., photons, located at spacelike separated regions of spacetime must be distinct
independent systems. Light beam is a wave of energy spread out over distinct points of space.

» (2b) Quantities representing certain properties, e.g., energy of electrons bound in atoms, of systems
considered arbitrarily similar (in relevant respects) to each other will be described by distinguishable
distinct values. Speed of light is a quantity that takes distinct values according to observers in relative

motion.
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In each of these cases, it has eventually turned out, as could have been expected according to our method,

that. in fact. it is not really so 101[11][12][13][14][15][16][17][18][19]1[20][21][22][23][24][25][26][27][28][29][30][31][32][33
il ) *

Now, based on these examples, we will clarify certain aspects of the proposed method, especially related
to the question of exactly what kind of conclusions can be drawn when using it, addressing some possible

objections to its validity and applicability:

* One could surely give an abundance of putative counterexamples and use them as evidence that our
method, in fact, does not work. We would respond to this with a prediction saying that the method
will work in all conceivable situations and a suggestion that the cases where it seems like it fails (i.e.,
has not yet worked) are due to (a) a limited precision of measurement [41[6] and/or (b) a lack of relevant
empirical observations or a misinterpretation of the existing ones (resulting from ’seeing’ still some
separata, perhaps by disregarding what is considered a broader context or irrelevant details—taking
Wigner’s friend as being separate from Wigner, so to speak)? (8L

¢ One might wonder how the ’generic’ predictions in such examples, as generated by our method
(through an essentially ’a priori’ reasoning), relate to the established specific causes or explanations of
the corresponding phenomena. For instance, the duration of time intervals between two events being
not equal for observers in relative motion can be technically explained as a consequence of the
invariance of the laws of physics and the constancy of the speed of light assessed in different reference
frames [21. We would respond to this that (a) the specific phenomena, characterized by the occurrence
of different values of physical quantities (e.g., representing what is considered the duration of some
time interval), are governed by specific laws and so will always have some specific particular
explanation but (b) those explanations will eventually always effectively agree with the general,
generic prediction as dictated by the application of our method?.

» Can the initial assertions (i.e., the ones to be eventually negated, according to our method) as made in
examples from the two categories, (1) and (2) respectively, be seen as exact opposites of each other, at
least when there seem to be ’counterparts’ in both categories, referring apparently to the same
physical phenomenon? And does the application of the rule to one of such counterparts, from one of
the two categories (1) or (2), negating its respective assumption, lead to the conclusion that one must
accept instead the ’corresponding’ assertion from the other, ’opposite’ category, that is (2) or (1)
respectively? In other words, is being two (or more) distinct separata the necessary consequence of
not being one and the same separatum (and vice versa)? For instance, taking the example of what we

consider "light”, when it turns out that it is not really distributed wave-like, does it mean then that it
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must be a localized particle? and, perhaps in other circumstances, when it turns out that it is not really
localized particle-like, does it mean then that it is a distributed wave 1 Regarding this point, we
conclude that, on our view, the answer is in the negative. In this sense, "light” is thus (in any
circumstances) neither a localized particle nor a distributed wave. The reason for this, based on our
main postulate, is simply that the assumptions, as made in each category, are something that can only
be negated, and we consider both categories to be aspects of what we call SE. For this reason also, one
cannot speak of strict ’counterparts’ or correspondences between the phenomena as described
putatively by the examples in the two categories (as they do not provide any ’link’, they do not
’redirect’, between each other), but at most, in a certain sense, only apparent—or ’approximate’—ones.
However, specifically to the question of what can be said about the physical phenomena in some
positive terms, accepting our postulate, besides such a negation, we will return in the last Section 6.
 In connection with the above point, for some particular examples of type (1) or (2), for which anything
that could be seen as an analogue—a 'counterpart’-that would qualify for the ‘opposite’ category (2) or
(1) respectively, has not arguably thus far been (directly or indirectly) observed, could we predict that it
eventually, at least in principle, should? For instance, as an apparent counterpart to the example in
which the scalar quantity representing a measure of the spacetime curvature has turned out to not
really be described by a specific fixed value we could conceive of a situation, say, of some putative
spacetime regions being arbitrarily similar to each other (in relevant respects) for which we would
then assume that the given quantity (i.e., corresponding to the one appearing in the counterpart
situation) will be properly described by distinguishable distinct values, and subsequently by using our
method conclude that it should turn out that, in fact, it is not really so. To the extent that such
apparently corresponding phenomena can be expected to be observed at all, our method suggests that

one can indeed expect that.

5.2. Conceptual examples

In this section, we consider some other examples of the possible application of our method, involving
different types of (more or less abstract) objects or variables. Let us start with a (lengthy) list, formulating
explicitly (in a rather random order) some assertions (of type (1) or (2) or composite and in particular
mixed ones—which our method does also admit-and now we do not care anymore about their respective

sub-categories), in their content arguably at least in some way resembling some of the assumptions as
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made (in different physical contexts) by various actual models or theories (with some of them related or

interdependent, while others to be seen perhaps as directly competing against each other):

a. Moment of time is described by a parameter ¢ taking a specific value.
b. There are many distinct moments of time, described by the parameter ¢ taking distinct values (e.g.,
t_1,t0,t1).
c. Moment of time is a set of distinct events, said to occur at this moment.
d. Moment of time is a specific event, said to occur at this moment.
e. Events are described by different quantities, each taking a specific value.
f. Set of events constituting a moment of time is the same according to observers in relative motion.
g. Spacetime is a specific object composed of distinct events, said to exist in this object.
h. Regardless of how it is assessed, each event in spacetime is described by a specific set of quantities,
each having a specific value.
i. Future is a specific set of moments of time.
j- Past is a specific set of moments of time.
k. Physical systems located in space at a given moment of time are distinct entities.
1. Causal order of events is described prior to measurement by a variable denoting different possible
such orders taking a specific value.
m. Measurement of physical quantities occurs at a single moment of time (described by the parameter
t taking a specific value).
n. Measurement occurs over many distinct moments of time (with the corresponding parameter
t taking distinct values).
0. Measurement outcome is a value selected from a specific set of distinct possible results.
p. Any two observed events (i.e., outcomes of measurements) occur within one and the same object
called spacetime.
g. Different observed events (e.g., observed by different observers) occur in distinct objects called
spacetimes.
r.Observer system (i.e., a measuring apparatus) and systems observed (including such being
themselves observers of yet another systems thus observed) are distinct entities.
s. Quantity representing the number of spacetime dimensions is described by a specific fixed value.
t. Physical interaction entails two (or more) distinct systems (between which the action” occurs).

u. Physical interaction is a single entity (e.g., one event, or one process).
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Now, we shall apply our method to these points, in the usual way, that is, by saying that in each case it
should turn out that the actual phenomena being thus described are not really so (and for some of them it

% as our goals in this

seems like it indeed already did, but we leave it to the reader to guess which ones
section are somewhat different than in the preceding one). Then, what we would like to do here is to
suggest that selecting some of the specific points from the above pool, taken in a 'negated’ form as
resulting from the application of the method, possibly in some combinations, might lead one straight to
certain general concepts closely resembling some actually considered in the literature (in particular as
potential solutions to different problems related with actual observations or thought experiments). In
each case, however, this similarity, or overlap, can be at most a partial one, primarily because some of
those concepts (or more basic notions on which they are based) do not have a one established definition
which one could strive to satisfy strictly in the first place, and being limited precisely by the extent to
which they can be taken in a correspondingly 'negative’ form. Nonetheless, below we will discuss some of
such concepts, for each of them (I) indicating some (combinations) of the above-listed points from which
it could be derived, (II) describing it briefly as it appears in the literature, focusing on specific problems to
which it is related (and, if it will seem necessary, giving some additional justification for its very
appearance on this list), and (III) specifying the difficulties which might arise for models or theories in

which it appears in some form, resulting from retaining some ’traces’ of SF (in particular in the specific

shape of some of the other assumptions from our list, taken in their initial, non-negated form):

o Non-absoluteness of simultaneity (I) (f). (I) While a basic conclusion of the relativity theory posits that
simultaneity is relative, rather than ’absolute’ 21 we suggest to consider it limited to a purely
‘negative’ concept, that is, expressing a thesis saying that in fact there is no absolute simultaneity and,
moreover, one should not speak of any simultaneity (absolute, relative, or otherwise) in the first place,
construed as a moment of time being a set of distinct events, as this would clearly amount to (III) our
very assumption (c), constituting thus a trace of SF which in turn might lead—after some possible
reasoning 341—to a view called ”block universe” (a conclusion that perhaps could be avoided by taking
(d) instead of (c), however itself a move with rather questionable benefits), which could also be
recognized on our list as the assumption (g) and which—in conjunction with some further
assumptions like (h)—seems especially problematic and likely to pose difficulties for reconciliation of
the concept considered here with certain others, like some of the ones discussed below.

* Open future (I) Perhaps (h), or (i) with (e). (II) Concept inspired in particular by the quantum theory,

according to which the outcomes of measurements yet to be performed of-at least some—physical
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systems’ properties are not described by a one specific value 33 which suggests that, therefore,
such future events, relative to the time of measurement, are not pre-determined and so the future is in
this sense not ’fixed’ (or ’closed’) B—(’Hﬂl, a conclusion which (III) if taken within SF, could pose a
problem for attempts to reconcile this concept (or actually result in a direct conflict)—due in particular
to the very main assumption that is to be negated here—with the one described above, and besides
that, should be expected to entail conceptual difficulties such as the questions, e.g., whether it suffices
that a single future event is not determined for the (whole) future being in itself not determined, or
whether there can be any future events which would be in fact determined (as could be suggested by
the probability of their occurrence being described by a specific value equal to 1), that could be seen as
direct manifestations or consequences of some of our other assumptions having been made (like (c) or
(k), (0), usually (a) and (b), but also (m) or (n)).

* Retrocausality (I) Identifying ”causality” with an actual physical ’influence’ or interaction of some sort,
it could be (a) and (b), or (1), supplemented perhaps by (t) and/or (u). (II) Posits that the possible causal
influence exerted by events on other events is not limited to ones located in what is considered their
respective future (or present), with such influences traveling also in some way backward in time,
which could happen locally (being an ’action-by-contact’, or ’continuous action’; and which could
potentially provide a "local’ explanation for the correlations as observed between spacelike separated
events, through some mechanism involving such interactions ”zigzagging” through spacetime) or
non-locally, a concept which might pertain also, in particular, to action-based approaches where
under such an interpretation a final state could somehow directly (i.e., physically) influence the
preceding course of events 381 but (111) if considered in terms as allowed within the SF, it faces some
rather obvious, and serious, conceptual problems.

¢ Open past (I) Perhaps (h), or (e) with (j). (II) Motivated by different lines of argumentation, for instance,
by conjunction of some form of the Open future combined with assumptions about the time-
symmetry of relevant laws of physics; seen as a consequence of some form of the Retrocausality; or
derived from considerations about the storage and retention of information, modeled, e.g, as a
process in which past events, whose relation to present ones becomes indeterminate, would in some
sense ’cease to be’ @1@1, but (III) to the extent that past is often treated, in particular, as analogous (or
’symmetric’) to future, this concept can be expected to be plagued by correspondingly analogous or

’symmetric’ traces of SF to concepts which pertain to some notion of ’future’.
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» Non-absoluteness of observed events (I) Perhaps (p), maybe with (s). (I) As entertained in the literature it
stems in particular from considerations of the "Wigner’s friend” type of scenarios, in which the
accounts of an actual state of what is considered the same physical system as given by different
agents—with both of them following the prescriptions of quantum mechanics—can be effectively
inconsistent with each other %2l and suggests that in order to prevent such conflicts one could
posit that the observed events (i.e., outcomes of measurements as performed by an individual
’apparatus’) are in some sense not—or at least not fully—’public’ (or ’exposed’) to other potential
observers of a given system, but rather somehow ’private’, specifically, for instance, relational, or
perspectival W@, a view which (III) if ‘contaminated’ with traces of SF, like (1), (e), or (q),
might lead in particular to theoretical difficulties with establishing ’links’ allowing to find
correspondences (or ‘'maps’) between different such perspectives, the lack of which could imply a total

subjectivity (and therefore ’solipsism’) of the accounts of (any) observed physical phenomena.

The reader will certainly be able to supplement the lists in this and the preceding section with yet
another, numerous examples of choice. As some additional illustration, to give a flavor of the sort of
conceptual problems or difficulties as faced by different models or theories, which could arguably be
expected based on our perspective (and which most likely can somehow be resolved within the SE,
leading however to another such a problems down the road), involving in particular some empirically
clearly inadequate predictions, one could mention, for instance: The problem of electron ”self-repulsion”,
with the electron (treated as a singular separatum) modeled as a ’cloud’ of charge distributed at distinct
points in space, with its different parts (treated as distinct separata) consequently repelling one another
in such a model; or problems with establishing theoretically an actual number of particles when they are

considered as localized entities (each treated thus as a separatum) [48]

geios.com doi.org/10.32388/10SESK.5

10


https://www.qeios.com/
https://doi.org/10.32388/1OSESK.5

6. The alternative

Figure 1. Separata vs a tentative alternative

The examples provided above should have demonstrated by now, directly or indirectly, that the proposed
method might actually work, thus lending credence to our main proposition from which it derives
(Section 2). However, since the method allows only negative determinations (a property of a system being
described by neither one specific value nor many distinct values, an electron being neither a particle nor
wave, etc), saying how things are not, one wonders what they might actually be, and what might be the
alternative to the descriptions as allowed within the SF, based on separata. In order to address this
question, perhaps we would need first to supplement our main postulate with one basic—and admittedly
rather vague—assumption, namely, saying something along the lines of: The physical phenomena seem
to happen in some very concrete way, such that they can be to some extent effectively approximated with
descriptions based on the notion of separata. We should therefore look for some general notion to which
the SF with its separata would be some sort of ’approximation’ (Fig. 1). To anticipate the conclusions, the
result of our analysis is that what we can quite confidently say for now is not much more than that the
sought-after notion is something that is a 'non’-SF. We can, nevertheless, think of at least two (but not

necessarily independent) tentative options, or routes, by which we could potentially arrive at some
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definite mathematical notion and perhaps actually construct (an example of) the non-SF, which we might

call, respectively:

» Graded This option would suggest adopting (and most likely somehow adapting) a sort of ’graded’
language and notions. Namely, while finding, in reference to some phenomena, an assumption being
made of one of our two types, that is, either that they are like one and the same separatum or that they
are like two (or more) distinct separata, one must conclude in any such case that in fact the given
phenomena are not really so, what one could say instead is that they are so—in a certain sense—to
some ’degree’, ’a little bit’. In what sense exactly? A similar language, and possibly also a desired sense,
appears in particular in the interpretation of probabilities, as appearing in models of physical
phenomena, as propensities (understood as a sort of graded causal influences), described also as
potentialities, or tendencies (of certain events, or outcomes of measurement, to obtain), with the
related phenomena being described in certain contexts as ’'unsharp’ and modeled using fuzzy
notions 49 4l While this might seem like leading in at least one of the possible directions we are
perhaps looking for (describing in some constructive way the phenomena which would be neither
exactly the same nor not the same), we note that the ’strength’ (or ’'weakness’) of such putative
‘tendencies’ is typically described itself by using what can be considered separata (retaining thus a
trace of SF), which might be particularly misleading.

e Change This option is based on the view that while what is commonly (i.e., intuitively) understood by
“change” might be modeled, within the SF, as involving some distinct separata and a singular process
of their juxtaposition, with such a connection (of, on the one hand, the difference between the
separata being distinct, and on the other, their bringing together) resulting in a sort of ’contrast’ (or
tension’) B9 311 it would be more adequately described by taking this process as being something
that is not entirely different from the separata themselves. What it therefore suggests is to consider an
’actual’ change, in which there would be no singular process and no distinct separata, but only some
form of a ’contrast’, or tension’, alone. How could one conceptualize this more precisely? It so happens
that what is referred to as "change” in physics is often posited to be closely related, or sometimes even
identified, with the notion called "time”. Then, especially to the extent that our understanding of time
will depend on particular mathematical language and notions as employed by physics 521 we surmise
that perhaps an inspiration for advancements along this route might be found in some of the
conceptions about time, but also the other way round, namely, that potential developments of this

option (but most likely in some conjunction with the one described above) should contribute to some
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clarification of the various problems related to the (many) phenomena that go under the name of
»time” [531541(551[561[571(58](59] addressing in particular the opinions saying that the actual
phenomenon of ("flowing’) time, being arguably in some sense inherently complex (“rich”), is—at least

currently—beyond the conceptual scope and reach of physics 091,

Taken together, it seems that such two proposed routes, or their combination (or rather a fusion), would
lead to a notion expressing a sort of inherent indefiniteness (and perhaps 'messiness’), but also, in a sense
(and maybe somewhat paradoxically), a greater ’continuity’, suggesting potentially more ’controllable’
influences within the physical phenomena (as opposed, e.g., to a picture of ’discontinuity’, emerging

supposedly as a consequence of what the quantum theory suggests, with its discrete ”jumps” and

»randomness” L6l but exactly how best to approach it we leave it here as an open problem.

Finally, let us mention that some of such possible options or avenues, in particular Change but perhaps
also the Graded one, as was argued also in [ZI8] might actually be suggested, or inspired, by an analysis of
what one might call our ’direct’ experience of the world. Although it is indeed unclear exactly how or
what it is that we directly experience (as evidenced in particular by findings and their interpretations
suggesting that many, if not most, of our innocent conceptions about it-which one could naively consider
self-evident and uncontroversial-might actually turn out to be *illusions’ of some sort) [621[631[641[65] o
how best to describe it mathematically, the approach of disregard for the potential suggestions that it
could offer, in the context of interest to us here, would be rather ill-advised (since after all, obviously, we
arrive at, and verify, any theoretical hypotheses in physics through the empirical observations which we
obtain inevitably—at least ’filtered’—through our ’phenomenal’ experience) [o6] Therefore, the postulated
non-SF should perhaps allow also to describe, or at least should not be in conflict with, such direct
experience (whatever it is) in itself, and as a step in such direction let us describe now a one last
application of our method, leading to conclusions agreeing arguably with our intuition, this time in two

examples concerning our perception of things in what is typically considered, respectively, physical:

» Space. When I look at, say, the moon, if one assumed that the moon and my percept of the moon are
two distinct ’things’, i.e., on the one hand the moon as a light-reflecting clump of rocks being ’out
there’ in the sky and on the other my percept of this moon as, say, a wave of ions flowing "here’ in my
head, we must conclude as per our method that the actual phenomena under consideration are not
really so. If one assumed instead that the moon and my percept of the moon are a one ’thing’ (which

could be strictly out there in the sky as the moon, here in my head as the ion wave, or, alternatively,
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perhaps somewhere ’in between’), we would similarly conclude that they are not really so. What,
however, one can do is to go one of our suggested routes, and for instance use the language of the
Graded option and say, in each case, that the phenomena are ’a little bit’ so (i.e., one and the same thing
or two distinct things), and so my percept of the moon is a little bit here in my head and a little bit (and
so in this sense quite literally) out there in the sky as the said clump of rocks itself. And this could
constitute an underlying mechanism of (or at least contribute to, somehow, but perhaps even more so
when combined somehow with suggestions of the Change option) our direct experience of the
‘extension’ of-i.e., the ’distance’ between objects in—what we usually consider “space” (in this
connection see also, e.g., [67]),

+ Time. When I experience what I consider a memory of some event, say, my visit to a dentist a month
ago, if one assumed that the visit being remembered and my experience of remembering the visit are
two distinct ’things’, i.e., on the one hand the visit as an event happening ’in the past’ in the dentist
room and on the other my recollection of this visit as (say) a wave of ions flowing 'now’ in my head,
we must obviously conclude that the actual phenomena under consideration are not really so. If one
assumed instead that the visit and my recollection of it are a one ’thing’ (which could be strictly in the
past as the event of me sitting in the dentist room, in the present as the ion wave in my head, or,
alternatively, perhaps sometime ’in between’), we would again conclude that they are not really so.
One can, however, use a strategy like in the example above and say, using the ’graded’ language, that
my experience of remembering the visit is a little bit now in my head and a little bit in the past at the
actual visit in the dentist room (and so it means that in this sense my experience, quite literally, moves
back in time). And this could constitute an underlying mechanism (similarly as in the example above)
of our direct experience of the ’extension’ of—i.e., the ’interval’ between the events in—what we usually

consider ”time”.

7. Conclusion

We proposed here a methodological principle that can be applied automatically ('mindlessly’) in different
situations and, we posit, should always lead to correct results. And if indeed it does, then, let us note as
one final remark before closing, it might pose a curious challenge for the view on mathematics known as
constructivism (and in particular intuitionism), which posits that only such mathematical objects that
can in principle be (or actually were) in some way explicitly constructed can be said to exist 98l For we

could claim that (a) (based on its effectiveness) the mathematical object that we call "non-SF” must in
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some (a rather concrete) sense ’exist’ but (b) (due to the nature of what is being demanded from it, and
despite our tentative attempt at devising some possible routes towards it) it simply cannot in any
meaningful way be explicitly constructed. And this situation, in which something does (in some sense)

exist but cannot be explicitly constructed, taken literally, would seem to constitute a counterexample

against such view?.
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Footnotes

1 Which, assuming (ideally) a continued progress of empirical research, should eventually, sooner or later,

manifest itself in some actual observations.

2 To put it plainly, whenever one wants to find in the actual phenomena some separata, he will always

succeed in making himself believe that he does indeed see some.

3 On a side note, one of predictions of the method must be that the constancy of the speed of light, just as
any other such strict ’constancy’, can only be apparent (that is, 'approximate’; somewhat reminding thus

what is hypothesized in different variable-constants theories 621701y,
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“ Perhaps by consulting the following Refs. (and assessing for which of the points there is evidence
sufficiently robust against the various interpretational ambiguities, connected with the concepts

involved, such as, e.g., exactly what should count as "measurement”, or what one means by “event”) 2]

711[72][73][741[751[76][77

> One objection one could raise against this argument is that the non-SF is to be seen as a primitive
object, rather than a statement a proof of which one could try to construct, in the first place. The
argument, however, rests rather on a conclusion that what the idea of non-SF entails (while concurring
with the negation of the law of excluded middle) is that the very categories of basic ’primitive’ objects, or
structures with definite properties, and therefore construction of such as well, seem to lose their
distinctive meaning. Alternatively, one could perhaps make a case that-rather than a counterexample
against constructivism—our conclusion would be better seen as a claim about an ’incompleteness’ (i.e., of

current mathematical languages when it comes to expressing precisely, in some positive terms, the

postulated non-SF and so describing accurately the physical phenomena; in this context see also [53[60]y

References

1.2 554 eshankar R (1994). Principles of Quantum Mechanics. Springer. doi:101007/978-1-4757-0576-8.

2.35.5dhartle 1 (2021). Gravity: An Introduction to Einstein’s General Relativity. Cambridge University Press.

doi:10.1017/9781009042604%.

3. 2Ellis GFR, Meissner KA, Nicolai H (2018). "The Physics of Infinity." Nat Phys. 14:770~772. doi:10.1038/s41567
-018-0238-1.
4.3 Spe] Santo F, Gisin N (2019). "Physics Without Determinism: Alternative Interpretations of Classical Phy

sics.” Phys Rev A. 100(6):062107. doi:10.1103/PhysRevA.100.062107,

5. 2Del Santo F, Gisin N (2025). "Which Features of Quantum Physics Are Not Fundamentally Quantum But Ar

e Due to Indeterminism?" Quantum. 9:1686. doi:10.22331/q-2025-04-03-1686.

6.2 bBorn M (1969). Is Classical Mechanics in Fact Deterministic? Springer. doi:10.1007/978-1-4615-7587-07

7.9 h}ura B (2024). "Spatio-Temporally Graded Causality: A Model." Found Phys. 54(2):22. doi;10.1007/s10701-

024-00761-x.

8.ab SJura B (2025). "On the Alternatives to the Ideal Mathematical Points-Like Separatedness.” Found Phys.

55(1):1. doi:10.1007/s10701-024-00812-3.

9. 2Rehmann U (2020). Foundations of Geometry. EMS Press.

geios.com doi.org/10.32388/10SESK.5 16


https://doi.org/10.1007/978-1-4757-0576-8
https://doi.org/10.1017/9781009042604
https://doi.org/10.1038/s41567-018-0238-1
https://doi.org/10.1038/s41567-018-0238-1
https://doi.org/10.1103/PhysRevA.100.062107
https://doi.org/10.22331/q-2025-04-03-1686
https://doi.org/10.1007/978-1-4615-7587-0_7
https://doi.org/10.1007/s10701-024-00761-x
https://doi.org/10.1007/s10701-024-00761-x
https://doi.org/10.1007/s10701-024-00812-3
https://www.qeios.com/
https://doi.org/10.32388/1OSESK.5

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

AThomson JJ (1897). "Cathode Rays." Philos Mag. 44(269):293-316.

XAubert J, Becker U, Biggs P, Burger J, .., Lee Y (1974). "Experimental Observation of a Heavy Particle J." Phys

Rev Lett. 33:1404-1406. doi:10.1103/PhysRevLett.33.1404.

Apavisson C, Germer L (1927). "Diffraction of Electrons by a Crystal of Nickel." Phys Rev. 30:705-740. doi:10.

1103/PhysRev.30.705.

ASala S, Ariga A, Ereditato A, Ferragut R, .., Scampoli P (2019). "First Demonstration of Antimatter Wave Int

erferometry.” Sci Adv. 5(5):eaav7610. doi:10.1126/sciadv.aav7610.

AFreedman S, Clauser J (1972). "Experimental Test of Local Hidden-Variable Theories.” Phys Rev Lett. 28:93

8-941. doi:10.1103/PhysRevLett.28.938.

AKun D, Strémberg T, Spagnolo M, Daki¢ B, Rozema L, Walther P (2025). "Direct and Efficient Detection of Q
uantum Superposition." Phys Rev A. 111:L050402. doi:10.1103/PhysRevA.111.L.050402.

AZavatta A, Parigi V, Kim M, Jeong H, Bellini M (2009). "Experimental Demonstration of the Bosonic Comm
utation Relation Via Superpositions of Quantum Operations on Thermal Light Fields." Phys Rev Lett. 103:14
0406. doi:10.1103/PhyssRevLett.103.140406.

AWagner R, Kersten W, Danner A, Lemmel H, Pan A, Sponar S (2021). "Direct Experimental Test of Commuta

tion Relation Via Imaginary Weak Value." Phys Rev Res. 3:023243. doi:10.1103/PhysRevResearch.3.023243.

ADevoret M, Martinis J, Clarke J (1985). "Measurements of Macroscopic Quantum Tunneling Out of the Zero

-Voltage State of a Current-Biased Josephson Junction." Phys Rev Lett. 55:1908-1911. doi:10.1103/PhyssRevLet

£.55.1908.
ACamus N, Yakaboylu E, Fechner L, Klaiber M, ... Moshammer R (2017). "Experimental Evidence for Quantu

m Tunneling Time." Phys Rev Lett. 119:023201. doi:10.1103/PhysRevLett.119.023201.

ADyson F, Eddington A, Davidson C (1920). "A Determination of the Deflection of Light by the Sun’s Gravitati
onal Field, From Observations Made at the Total Eclipse of May 29, 1919." Philos Trans R Soc Lond A. 220(5
71-581):291-333.

2Abbott B, Abbott R, Abbott T, Abernathy M, ..., Zweizig J (2016). "Observation of Gravitational Waves From
a Binary Black Hole Merger." Phys Rev Lett. 116:061102. doi:10.1103/PhysRevLett.116.061102.

AHubble E (1929). "A Relation Between Distance and Radial Velocity Among Extra-Galactic Nebulae." Proc

Natl Acad Sci USA. 15(3):168-173. doi:10.1073/pnas.15.3.168.

ARingermacher HI, Mead LR (2014). "Model-Independent Plotting of the Cosmological Scale Factor as a Fun

ction of Lookback Time." Astron J. 148(5):94. doi:10.1088/0004-6256/148/5/94.

geios.com doi.org/10.32388/10SESK.5

17


https://doi.org/10.1103/PhysRevLett.33.1404
https://doi.org/10.1103/PhysRev.30.705
https://doi.org/10.1103/PhysRev.30.705
https://doi.org/10.1126/sciadv.aav7610
https://doi.org/10.1103/PhysRevLett.28.938
https://doi.org/10.1103/PhysRevA.111.L050402
https://doi.org/10.1103/PhysRevLett.103.140406
https://doi.org/10.1103/PhysRevResearch.3.023243
https://doi.org/10.1103/PhysRevLett.55.1908
https://doi.org/10.1103/PhysRevLett.55.1908
https://doi.org/10.1103/PhysRevLett.119.023201
https://doi.org/10.1103/PhysRevLett.116.061102
https://doi.org/10.1073/pnas.15.3.168
https://doi.org/10.1088/0004-6256/148/5/94
https://www.qeios.com/
https://doi.org/10.32388/1OSESK.5

24. 2Rossi B, Hall D (1941). "Variation of the Rate of Decay of Mesotrons With Momentum.” Phys Rev. 59:223-22

8. doi:10.1103/PhysRev.59.223.

25.Achou CW, Hume DB, Rosenband T, Wineland DJ (2010). "Optical Clocks and Relativity." Science. 329(5999):

1630-1633. doi:10.1126/science.1192720.

26.Rauch D, Handsteiner J, Hochrainer A, Gallicchio J, ..., Zeilinger A (2018). "Cosmic Bell Test Using Random

Measurement Settings From High-Redshift Quasars.” Phys Rev Lett. 121:080403. doi:10.1103/PhysRevLett.12

1.080403.

27. 2belldn C (2018). "Challenging Local Realism With Human Choices." Nature. 557(7704):212-216. doi:10.103

8/541586-018-0085-3.

28. 2Lenard P (1902). "Ueber die lichtelektrische Wirkung" [On the Photoelectric Effect]. Ann Phys. 313(5):149—-1

98. doi:10.1002/andp.19023130510.

29. 2Compton A (1923). "A Quantum Theory of the Scattering of X-Rays by Light Elements.” Phys Rev. 21:483—5

02. doi:10.1103/PhysRev.21.483.

30. 2Franck J, Hertz G (1914). "Ueber Zusammenstoe Zwischen Elektronen Und Molekiilen Des Quecksilberda
mpfes Und Die Ionisierungsspannung Desselben" [On Collisions Between Electrons and Molecules of Mercu
ry Vapor and Its Ionization Voltage]. Verh Dtsch Phys Ges. 16:457—467.

31. XGerlach W, Stern 0 (1922). "Der Experimentelle Nachweis Der Richtungsquantelung Im Magnetfeld" [The
Experimental Proof of Directional Quantization in a Magnetic Field]. Z Phys. 9(1):349—352. doi:10.1007/BF01
326983.

32. 2Michelson A, Morley E (1887). "On the Relative Motion of the Earth and the Luminiferous Ether." Am J Sci.

34(203):333—345. doi:10.2475/ajs.s3-34.203.333.

33. AMichimura Y, Matsumoto N, Ohmae N, Kokuyama W, ..., Tsubono K (2013). "New Limit on Lorentz Violatio

n Using a Double-Pass Optical Ring Cavity." Phys Rev Lett. 110:200401. doi:10.1103/PhysRevLett.110.200401.

34. Aputnam H (1967). "Time and Physical Geometry." ] Philos. 64(8):240-247. doi:10.2307/2024493,

35. 2Myrvold W, Genovese M, Shimony A (2024). "Bell’s Theorem." Metaphysics Research Lab, Stanford Univers
ity.

36.2 BFuchs C (2010). "QBism, the Perimeter of Quantum Bayesianism." arXiv. arXiv:1003.5209. doi:1048550/ar
Xiv.1003.5209.

37. 2Del Santo F, Gisin N (2021). "The Relativity of Indeterminacy." Entropy. 23(10):1326. doi:10.3390/e23101326.

38. MFriederich S, Evans P (2023). "Retrocausality in Quantum Mechanics." Metaphysics Research Lab, Stanford

University.

geios.com doi.org/10.32388/10SESK.5

18


https://doi.org/10.1103/PhysRev.59.223
https://doi.org/10.1126/science.1192720
https://doi.org/10.1103/PhysRevLett.121.080403
https://doi.org/10.1103/PhysRevLett.121.080403
https://doi.org/10.1038/s41586-018-0085-3
https://doi.org/10.1038/s41586-018-0085-3
https://doi.org/10.1002/andp.19023130510
https://doi.org/10.1103/PhysRev.21.483
https://doi.org/10.1007/BF01326983
https://doi.org/10.1007/BF01326983
https://doi.org/10.2475/ajs.s3-34.203.333
https://doi.org/10.1103/PhysRevLett.110.200401
https://doi.org/10.2307/2024493
https://doi.org/10.48550/arXiv.1003.5209
https://doi.org/10.48550/arXiv.1003.5209
https://doi.org/10.3390/e23101326
https://www.qeios.com/
https://doi.org/10.32388/1OSESK.5

39. Aukasiewicz J (1967). On Determinism. Oxford University Press.

40. ADel Santo F, Gisin N (2023). "The Open Past in an Indeterministic Physics." Found Phys. 53(1):4. d0i:10.1007/

510701-022-00645-y.

4]. AWigner EP (1961). "Remarks on the Mind-Body Question." Heineman.

42.2Schmid D, Ying Y, Leifer M (2024). "A Review and Analysis of Six Extended Wigner’s Friend Arguments.” ar

Xiv. arXiv:2308.1622. doi:1048550/arXiv.2308.16220.

43.2Rovelli C (1996). "Relational Quantum Mechanics.” Int ] Theor Phys. 35(8):1637-1678. doi:10.1007/BF02302
261,
44, Mpienaar J (2021). "QBism and Relational Quantum Mechanics Compared." Found Phys. 51(5):96. doi:10.100

7/510701-021-00501-5.

45. *pienaar J (2026). "Wigner’s Diamond and the Quantum Fragmentation of Space-Time." Found Phys. 56

(2):20. doi:10.1007/s10701-026-00915-z.

46. *Barzegar A, Oriti D (2024). "Epistemic—Pragmatist Interpretations of Quantum Mechanics: A Comparative

Assessment.” Found Phys. 54(5):66. doi:10.1007/s10701-024-00804-3.

47. AAdlam E (2024). "What Does ‘(Non)-Absoluteness of Observed Events’ Mean?" Found Phys. 54(1):13. doi:10.

1007/s10701-023-00747-1.

48. 2Kuhlmann M (2023). "Quantum Field Theory." Metaphysics Research Lab, Stanford University.

49.2Busch B, Jaeger G (2010). "Unsharp Quantum Reality." Found Phys. 40(9):1341-1367. d0i:10.1007/s10701-010

=9497-0.

50. 2Hinchliff M (1996). "The Puzzle of Change."” Philos Perspect. 10:119-136.

51. 2Wasserman R (2006). "The Problem of Change." Philos Compass. 1(1):48-57. doi:10.1111/j.1747-9991.2006.0

0012.x.

52. 2Gisin N (2020). "Mathematical Languages Shape Our Understanding of Time in Physics." Nat Phys. 16(2):1

14—116. doi:10.1038/541567-019-0748-5.

53.2 byisra B (1983). "Irreversibility and Nonlocality." Lett Math Phys. 7(5):421—429. doi:10.1007/BF00398764.

54. Mynds P (2003). "Time and Classical and Quantum Mechanics: Indeterminacy Versus Discontinuity." Foun

d Phys Lett. 16(4):343—355. do0i:10.1023/A:1025361725408.

55.2Dolev Y (2006). "How to Square a Non-Localized Present With Special Relativity." Philos Found Phys. 1:177
—190. doi:10.1016/S1871-1774(06)01009-6.

56. XDolev Y (2022). "The Present’s Uniqueness." Philos Investig. 45(1):3—20. doi:10.1111/phin.12304.

geios.com doi.org/10.32388/10SESK.5

19


https://doi.org/10.1007/s10701-022-00645-y
https://doi.org/10.1007/s10701-022-00645-y
https://doi.org/10.48550/arXiv.2308.16220
https://doi.org/10.1007/BF02302261
https://doi.org/10.1007/BF02302261
https://doi.org/10.1007/s10701-021-00501-5
https://doi.org/10.1007/s10701-021-00501-5
https://doi.org/10.1007/s10701-026-00915-z
https://doi.org/10.1007/s10701-024-00804-3
https://doi.org/10.1007/s10701-023-00747-1
https://doi.org/10.1007/s10701-023-00747-1
https://doi.org/10.1007/s10701-010-9497-0
https://doi.org/10.1007/s10701-010-9497-0
https://doi.org/10.1111/j.1747-9991.2006.00012.x
https://doi.org/10.1111/j.1747-9991.2006.00012.x
https://doi.org/10.1038/s41567-019-0748-5
https://doi.org/10.1007/BF00398764
https://doi.org/10.1023/A:1025361725408
https://doi.org/10.1016/S1871-1774(06)01009-6
https://doi.org/10.1111/phin.12304
https://www.qeios.com/
https://doi.org/10.32388/1OSESK.5

57. ADrossel B (2014). On the Relation Between the Second Law of Thermodynamics and Classical and Quantu
m Mechanics. Springer Verlag.

58. ARovelli C (2022). The Times Are Many. De Gruyter. doi:10.1515/9783110753707-001.

59. ADuring E (2022). Time as Form: Lessons From the Bergson-Einstein Dispute. De Gruyter. doi:10.1515/978311
0753707-009.

60. 2 bDolev Y (2018). "Physics’ Silence on Time." Eur J Philos Sci. 8(3):455—469. doi:10.1007/513194-017-0195-z.

61. 2George C, Prigogine I (1979). "Coherence and Randomness in Quantum Theory." Physica A. 99(3):369—382.
62. 2Chalmers D (1995). "Facing Up to the Problem of Consciousness." ] Conscious Stud. 2(3):200-219.

63. 2Montemayor C, Wittmann M (2022). "The Illusions of Time Passage: Why Time Passage Is Real." Philosop

hies. 7(6):140. doi:10.3390/philosophies7060140.

64. Mononi G, Koch C (2015). "Consciousness: Here, There and Everywhere?" Philos Trans R Soc B Biol Sci. 370

(1668):20140167. doi:10.1098/rstb.2014.0167.

65. 2Dennett D (2018). "Facing Up to the Hard Question of Consciousness.” Philos Trans R Soc B Biol Sci. 373(175

5):20170342. doi:10.1098/rstb.2017.0342.

66. 2Fuchs C (2023). QBism, Where Next? Routledge.

67. 2Gibson J (1979). The Ecological Approach to Visual Perception. Houghton Mifflin.

68. 2Bridges D, Palmgren E, Ishihara H (2022). "Constructive Mathematics." Metaphysics Research Lab, Stanfor
d University.

69. 2Magueijo J (2003). "New Varying Speed of Light Theories." Rep Prog Phys. 66(11):2025. doi:10.1088/0034~4
885/66/11/R04.

70. 2Uzan J (2025). "Fundamental Constants: From Measurement to the Universe, a Window on Gravitation an

d Cosmology.” Living Rev Relativ. 28(1):6. doi:10.1007/s41114-025-00059-Y.

71. 2de la Hamette A, Kabel V, Christodoulou M, Brukner (2025). "Indefinite Causal Order and Quantum Coordi
nates." Phys Rev Lett. 135:141402. doi:10.1103/bnkn-4p3f.

72. XRichter C, Antesberger M, Cao H, Walther P, Rozema L (2026). "Toward an Experimental Device-Independ
ent Verification of Indefinite Causal Order." PRX Quantum. 7:010354. doi:10.1103/5t2y-ddmt.

73. 20reshkov 0 (2012). "Quantum Correlations With No Causal Order" Nat Commun. 3(1):1092. doi:10.1038/nc
omms2076.

74. “Rubino G, Rozema LA, Feix A, Aratijo M, .., Walther P (2017). "Experimental Verification of an Indefinite Ca

usal Order." Sci Adv. 3(3):¢1602589. doi:10.1126/sciadv.1602589.

geios.com doi.org/10.32388/10SESK.5 20


https://doi.org/10.1515/9783110753707-001
https://doi.org/10.1515/9783110753707-009
https://doi.org/10.1515/9783110753707-009
https://doi.org/10.1007/s13194-017-0195-z
https://doi.org/10.3390/philosophies7060140
https://doi.org/10.1098/rstb.2014.0167
https://doi.org/10.1098/rstb.2017.0342
https://doi.org/10.1088/0034-4885/66/11/R04
https://doi.org/10.1088/0034-4885/66/11/R04
https://doi.org/10.1007/s41114-025-00059-y
https://doi.org/10.1103/bnkn-4p3f
https://doi.org/10.1103/5t2y-ddmt
https://doi.org/10.1038/ncomms2076
https://doi.org/10.1038/ncomms2076
https://doi.org/10.1126/sciadv.1602589
https://www.qeios.com/
https://doi.org/10.32388/1OSESK.5

75. XStromberg T, Schiansky P, Quintino M, Antesberger M, ... Walther P (2024). "Experimental Superposition of

a Quantum Evolution With Its Time Reverse.” Phys Rev Res. 6:023071. doi:10.1103/PhysRevResearch.6.02307

L
76. 2Shettell N, Centrone F, Garcia-Pintos L (2023). "Bounding the Minimum Time of a Quantum Measuremen

t." Quantum. 7:1182. doi:10.22331/q-2023-11-14-1182.

77. Strasberg P, Modi K, Skotiniotis M (2022). "How Long Does It Take to Implement a Projective Measuremen

t?" Eur ] Phys. 43(3):035404. doi:10.1088/1361-6404/ac5a7a.

Declarations

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

geios.com doi.org/10.32388/10SESK.5

21


https://doi.org/10.1103/PhysRevResearch.6.023071
https://doi.org/10.1103/PhysRevResearch.6.023071
https://doi.org/10.22331/q-2023-11-14-1182
https://doi.org/10.1088/1361-6404/ac5a7a
https://www.qeios.com/
https://doi.org/10.32388/1OSESK.5

