EUCLID'S GEOMETRY IS JUST IN OUR MIND, RATHER THAN DESCRIBING THE REAL WORLD
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The first definition (prior to the well-known five postulates) of Euclid describes the point as “that of which there is no
part”. Here we show how the Euclidean account of manifolds is untenable in our physical realm and that the concepts
of points, lines, surfaces, volumes need to be revisited, in order to allow us to be able to describe the real world. Here
we show that the basic object in a physical context is a traversal of spacetime via tiny subregions of spatial regions,
rather than the Euclidean point. We also elucidate the psychological issues that lead our mind to think to points and
lines as really existing in our surrounding environment.
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Our physical and biological world can be described in terms of mathematical definitions, postulates, relations,
theorems, formulas, equations and algorithms. Indeed, despite the claims that math is a collection of abstractions
invented by our minds, it is astonishingly successful in order to explain and quantify a lot of issues of our world
(Wigner, 1960). Indeed, math elucidates many physical phenomena, such as the interaction of photons and matter,
the interaction of light with prisms, the apparent influence of speed on moving masses, and so on. Novel branches of
math - such as algebraic topology, group theory and functional analysis - leading to far-flung approaches that include
nonlinear dynamics in physics and chemistry - start to unveil also the mysteries of otherwise previously unclassifiable
issues, such as weather, thrust, interactions and structure of neuro-systems (albeit minds) and the collective behaviors
of societies.
A huge portion of our mathematics of the physical world is based on the amazingly simple Euclidean geometry.
Indeed, starting from very straightforward assumptions and theorems such as those found in Euclid’s geometry, it is
feasible to build also non-Euclidean geometries and complex manifolds able to explain issues such as those in quantum
mechanics. One of the main components of Euclidean geometry is the point, that stands for the most fundamental
object. The first definition of a point (prior to Euclid) is given by the Pythagoreans: a point is a monad having position.
Euclid begins his geometry with the definition of a point [that of which there is no part] (Def. 1, Euclid, 300 BCE)
and the extremities of a line are points (Def. 2). Euclid’s Def. 1 is interpreted by T.L. Heath to mean that a point is
that which is indivisible in parts. Therefore, we are confronted with a primitive notion defined only by axioms that it
must satisfy, i.e., the point upon which the whole apparatus is built, meaning that geometry cannot be described in
terms of previously defined real objects or structures. Here we ask whether the zero-substance point holds true in our
physical world and extend our analysis also to other Euclidean objects, such as lines, surfaces, volumes and so on.

THE PHYSICAL UNFEASIBILITY OF EUCLIDEAN POINTS AND SURFACES
Despite the huge influence of the Euclidean geometry in current scientific approaches, its internal framework is fatally
flawed from the very beginning, if we want to use it to describe physical (and also biological) phenomena. The
geometric points described by Euclid, originally defined as “that which have no part”, are not equipped with any
diameter, area, volume, or other physical features such as height, density, weight. Many constructs of Euclidean
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geometry are represented by a set of points, that stand for infinite collections of objects that conform to certain axioms.
In particular, the Euclidean point is posited as something featureless. However, it is widely recognized that our world
is quantized, and that a minimum length does exist, i.e., the Planck size. The quantization of matter leads to one of
the hallmarks of spacetime, namely, Planck’s constant. This allowed scientists to formulate frameworks, such as
string theories (Duff 1996; de Haro et al., 2013) and quantum gravity (Rovelli and Smolin, 1988; Muxin 2011), in
which our reality is quantized, and therefore discontinuous. Thus, a real manifold must be made of separable units,
and is not a continuum with no holes. However, such an approach does not hold true for the Euclidean manifolds. In
the sequel, we will show how and why an Euclidean geometric structure (such as points, lines, surfaces, volumes)
cannot display a real counterpart, and are therefore useless in the description of our physical world.
Paraphrasing Aristotle’s account of continuity and indivisibility (ARISTOTLE PHYSICS Book VI, Part 1), things are
said to be “continuous” if their extremities are one, “in contact” if their extremities are joined together, and “in
succession” if there is nothing of their own kind intermediate between them. Nothing that is termed “continuous” can
be composed of “indivisibles”: to make an example, an Euclidean line cannot be composed of points, the line being
continuous and the point indivisible. Indeed, the extremities of two Euclidean points can neither be one (since of an
indivisible there can be no extremity as distinct from some other part), nor together (since that which has no parts can
have no extremity, the extremity and the thing of which the extremity is distinct). Moreover, if that which is
continuous is composed of Euclidean points, these points must be either continuous, or in contact with one another.
Therefore, indivisibles cannot be continuous: one thing can be in contact with another only if whole is in contact with
whole or part with part or part with whole. But since indivisibles have no parts, they must be in contact with one
another as whole with whole. And if they are in contact with one another as whole with whole, they will not be
continuous. For Euclid, that which is continuous has distinct parts, and these parts into which it is indivisible need to
be spatially separate. In particular, concerning the line, an Euclidean point cannot be in succession to another in such
a way that length can be composed of points. Indeed, things are in succession, provided there is nothing of their own
kind intermediate between them, whereas that which is intermediate between points is always a line, or a region of a
surface. Again, if the Euclidean length (i.e., the line) could be composed of indivisibles, it could be divided into
indivisibles, since each is divisible into the parts of which it is composed. But, as stated above, no continuous thing
is divisible into things without parts. Nor can there be anything of any other kind intermediate between the parts: if
there could be any such thing, it must be either indivisible or divisible, and if it is divisible, it must be divisible either
into indivisibles or into divisibles that are infinitely divisible, in which case it is continuous. In sum, because the
Euclidean line is either continuous or depicted as an infinite set of zero-mass points, it does not describe real lines,
that are made of a set of contiguous multi-mass regions.
The problem of a physical continuum becomes more murky, if we consider what means mathematically for a mapping
between spatial regions to be continuous.
Let f : X ® Y be a mapping on X into Y , so that

f ( x ) Î Y for x Î X . In the context of proximity spaces, a point x is near a region or set of points A, provided
f ( x ) is near f ( A) (Naimpally, 1970). In other words, a function proximally continuous, provided the function
preserves pairs of sets so that whenever

{ x} , A

are near (in the same proximity), so too f ( x ), f ( A) are near

(Peters, 2014). Put another way, a function f is continuous, provided the image f ( x ) of every point of adherence

x Î X is a point of adherence in the set f ( A) (Smirnov, 1952). Again from a mathematics perspective, it is an
axiom in proximity space theory that the closeness of a point to a set implies that the point is a part of the set. By
contrast, a physically continuous mapping from a computational proximity perspective (Peters, 2016) imply that the
closeness of a physical region such as an atom x to another physical region such as a collection of atoms A means
that x is the in the neighbourhood of A, not that x is in A. In other words, as anticipated by old philosophers too
(Autrecourt, 1340), closeness of points and sets in mathematics is quite different from the closeness of points and sets
in the physical world. Instead of the conventional closeness of points and sets, the axiomatic foundations of the
descriptive closeness of points and sets has been recently introduced (DiConcilio, et al., 2018). In the context of
descriptive proximity, the closeness of points and sets is viewed in terms of overlapping descriptions of the points and
the sets. In other words, a feature vector that describes a point and the feature vector that describes a set overlap
without requiring that the descriptive closeness of a point x and set A implies the inclusion of the point x in the set A.
As for the line, the same applies also for other Euclidean structures, such as two-dimensional surfaces and threedimensional volumes. Indeed, every continuous Euclidean manifold (whatsoever its dimensions may be) is divisible
into divisibles that are infinitely divisible: if it were divisible into indivisibles, we should have an indivisible in contact
with an indivisible, since the extremities of closed manifolds that are continuous with one another are one and are in
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contact. This means that a collection of n-dimensional Euclidean structures cannot give rise, when joined together, to
a n+1 dimensional manifold. Therefore, the Euclidean points, lines, surfaces, volumes cannot exist in the real world.
In particular, taking into account that physical space is quantized and that the minimum possible length is the Planck
one, a real “point” cannot exhibit zero mass. Furthermore, at Planck length, another problem arises for an hypothetical
basic “point”: many theories predict that the minimum separable structure, i.e., the string, lies in 10-11 dimensions,
rather than being adimensional. Therefore, in the real world, also the simplest structure, i.e., the real point, must be a
spatial region that displays nonzero mass in spacetime, otherwise it cannot exist. Furthermore, as stated above, it is
also difficult to talk about real lines, surfaces, volumes, given the indefiniteness and vagueness of their Euclidean
definition and structure.

FURTHER POSSIBILITIES TO COPE WITH THE PHYSICAL REALITY
In the previous paragraph, we showed that the concept of Euclidean points and n-dimensional manifolds do not hold
true for the description of our real world, because every physical structure cannot be built starting from nonzero mass
ones. An Euclidean line does not exist in the real world, because a real line must be composed of spatial subregions,
and this is not compatible with the Euclidean tenets. It might be objected that a line could be made of points made of
bosons, that, satisfying the Bose-Einstein condensate theory, can be described as superimposed. However, a real line
in our world must be composed of matter, i.e., fermions that are subject to the principle of locality: therefore, a point
made of fermions cannot be superimposed to another one, because they must occupy different locations in space. It
might also be objected that a line could be made of different points that are not superimposed, rather they are separated
by a small void, but it is not the case of the Euclidean line’s description.
Is it feasible to provide definitions of points and manifolds other than the Euclidean ones, in order to overtake its fatal
limitations in the description of physical matters?
Despite there exist several regions-based accounts of space/time, due to Roeper, Menger, Tarski and others (Shapiro
and Hellman, 2017), the most of them, contrary to our approach, follow the Aristotelian theme that continua are not
composed of points. A more recent view of a point by M. Simon (1901) moves closer to physical points. According
to such an approach, a point is the limit of localization. More in keeping with the contemporary view of a point as a
property of duration, a theory of extensive connection and atomicity of actual entities has been built (Whitehead,
1929). The notion of extensive connection brings us full circle to an expansion of cellular topology and physical
proximity space theory, in which a point stands for the minimal part of overlapping regions of physical space, such as
overlapping perimeters of vortex atoms that live together in motion continua with limited duration. In other words, a
point is a finite region of space with non-zero area, while a line is drawn from one region to another (Peters, 2016).
One region A includes another region B, whenever every region connected to B is also connected to A (Whitehead,
1929). In other words, region A is connected to region B, provided there is a path from any subregion of B to a
subregion of A. The extremity of a connecting path between subregions is itself a subregion with measurable area,
albeit a tiny subregion that has the appearance of a point in Euclides’ surveyer-like geometry.
We may state that a region of space is the maximum distance between subregions (intervals) of its bounding edge.
This definition allows the description of a point as a single abstract spatial vertex: in other words, our physical reality
can be described in terms of multiple surface spacetime vortices, in which each vortex is a funnel reaching down to a
physical limit, called a vertex. Examples are provided in Figure. This approach permits us to remove the unwanted
Euclidean geometry from the quantitative assessment of our world.
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Figure. Examples of sample vortices. Left: a Weierstrass-Zeta mathematical model for multiple surface spacetime
vortices, in which each vortex is a funnel reaching down to a physical limit called a vertex. Right: black hole vortex
(initial mass radius 0.44 km) formation. It results from steadily increasing strong gravitational force that pulls
neighboring chunks of matter into its funnel winding down to the squish level. Therefore, chunks of matter are
squeezed to the diameter of a vertex.

CONCLUSIONS
Here we asked whether one of the tenets of Euclidean geometry, i.e., the point, holds true in our physical world. Given
our negative answer, we concluded that the Euclidean manifolds cannot properly describe the real world. Our claim
threats the very foundations of the Euclidean geometry, despite its current utmost importance in the description of the
reality surrounding us. Indeed, the Euclidean geometry, after many centuries from its first formulation, still stands
for the main tenet of the ensuing mathematical and physical developments. Starting from its postulates and theorems,
it has been feasible to consider exception conditions, such as curved space, that are more in keeping with the relativistic
spacetime. Furthermore, Euclidean geometry allowed to work our way toward non-Euclidean geometries (Johnstone
1983), R. Descartes’s vortex geometry, sweeping comprehensive cellular complexes in Whiteheadean closure finite
weak topology, V.G. Boltyanskii and V.A. Efremovich intuitive combinatorial topology, Edelsbrunner-Harer
computational topology, Cech-Efremovich-Lodato-Naimpally-DiConcilio proximity spaces (Di Concilio A. 2013),
K. Borsuk shape theory (Borsuk 1958-1959, Borsuk 1969), P.G. Tait’s knots (1877). Such improvements led to J.S.
Birman’s braids, links, knots and mapping class groups that allow amazingly simple solutions to problems in quantum
mechanics and to W.T. Kelvin’s knotted and knitted vortex atoms (Kelvin, 1867). This also led to a deep
understanding of Helmholz’s discovery (Helmholz, 1867) of simple vortex rings and the vexing problem of vortex
motion in perfect liquids, as well as the elucidation of thermodynamic properties of gases.
Despite the above-mentioned usefulness of Euclidean geometry, our results suggest that it’s time to change our
approach to physical issues, because Euclid describes totally abstract issues. It is also feasible to deliver a
psychological explanation for the Euclid’s successful mathematical description of the world. Indeed, taking into
account recent neuroscientific findings, we are allowed to hypothesize why our mind seems to recognize in the
surrounding environment Euclidean points, lines, surfaces, volumes, despite the fact that they cannot, according to
our account, exist in reality. Over the last few years, studies of receptive field properties in several mammalian visual
brain structures, such as the lateral geniculate nucleus and the primary sensitive cortex, have suggested the existence
of cell classes with unique functional response properties (Van Hooser et al., 2005; Viswanathan and Nieder, 2017).
To make an example, the cells of the cortical visual area V1 display basic receptive field properties, such as orientation
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selectivity, direction selectivity, bar length and end-stopping (Duffy and Hubel, 2007). Further, similar to the primary
visual cortex, orientation sensitivity was closely reflected by the receptive fields properties also in extracortical
structures, such as the lateral geniculate nucleus (Li et al., 2018). Therefore, many experimental suggestions dating
back just a few years suggest that our brain is equipped with neurons, located in cortical and extra-cortical areas, that
selectively fire when our sight perceives angles, surfaces, lines, contours. And such angles, surfaces, lines, contours
do not exist in the real world, provided that the borders of the objects cannot be as well sharply delimited as suggested
by Euclidean geometry.
Our perception is perhaps an evolutive mechanism that allows us to cope with our external, rather visual, world, in
order to avoid dangers and harms. The detection by sight of geometrical issues in the environment (such as points,
lines, contours and so on) does not necessarily describe the real world, rather stands for a sort of internal map based
on species-specific, innate interpretations of the physical reality. In Karl Friston’s terms (2010), the brain is an
inferential machine that compares the real world with an internal map, pre-existent in our mind. Therefore, it might
be suggested that what we see is just partially real: indeed, we might ask whether other animals, such as, e.g., an ant
equipped with olfactive-tactile perceptions rather than our visual ones, or a bat (Nagel, 1974), are able to recognize
points and lines. Indeed, some response properties, such as linearity of spatial summation, contrast gain, dependence
of receptive field size on eccentricity and interlaced arrangement of cortical neurons, vary from species to species
(Van Hooser et al., 2005; Mazade and Alonso, 2017). To make an example, despite the fact that a squirrel has greater
visual acuity and a physically larger V1 than some mammals that have orientation maps in V1, it is not provided of
such maps (Van Hooser et al., 2005). In turn, electrophysiological recordings in awake and anesthetized turtles reveal
that their dorsal cortex is sensitive to the spatial structure of natural images, and their receptive fields are not entirely
uniform across space (Fournier et al., 2018). Therefore, the mapping and representation of visual space in turtle’s
three-layered cortex differ from those found in mammalian primary visual cortex. This means that, contrary to the
mammalian primary visual cortex, the turtle dorsal cortex performs a global, rather than local, analysis of the visual
scene (Fournier et al., 2018). This means that, in animals different from us, spatial information can be found both at
the single-neuron and population scales and a clear retinotopic mapping of thalamocortical projections is not
detectable.
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