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Abstract. When the atomic philosophers referred to atoms, they considered them as the
pieces of matter that were not susceptible to further division. In modern physics �atoms� are
not the fundamental constituents of matter. In such a case the term �atom� is inaccurate,
since the basic elements of matter are the quarks and the leptons. Here are considered
the views of the Presocratic atomists on atoms, followed by the conclusions and results of
modern science on the elementary constituents of matter, which are the true �atoms� of
ancient philosophy.
Key words: atoms, quarks, Leucippus, Democritus, quantum physics

Introduction

It has been accepted that the Presocratic philosophers (the physiologoi) by
observing nature (physis) and through reasoning, produced conclusions that
in�uenced the subsequent advancement of science, the natural sciences in par-
ticular. This philosophical tradition incorporates the so-called �atomists� Leu-
cippus (5th cent. BCE) and Democritus (c. 460-370 BCE), who left a perma-
nent mark on both science and philosophy, as their thought was characterized
by their e�ort to determine the elementary structures of matter. This quest lies
at the foundations of modern science, upon which cosmology and elementary
particle physics were built (Kalachanis et al. 2013). Modern physics, using
high-technology devices such as particle accelerators, attempts to approach
the entities that compose the Universe. Within this context, in this study the
views of the Presocratic atomists on atoms are examined.This is followed by
the modern scienti�c e�orts to study the elementary constituents of matter,
which are the true �atoms� of ancient philosophy.

1 On atoms and void

The atomists belong intellectually to the group of Presocratic philosophers
who, like Anaxagoras, taught that all material entities originate from in�nites-
imally small fragments of themselves, endless in number, compact and indivisi-
ble. Similarly, Leucippus and Democritus maintained that the �rst �principles�
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(archae) are in�nite in number. They thought of them as being indivisible and
indestructible because they are compact or dense (nastoi), without void inside
them, since division occurs because of the void existing in bodies (Simplicius,
On Aristotle, On the Heavens, 242, 18-21 and DK 67a, 14.1). However, atoms
and the void are both entities, called (by Leucippus and Democritus) on (�be-
ing�) and me-on (not-being). The on is solid and compact, while the me-on is
empty. The existence of the void is to them as real as the existence of bodies.
Hence the me-on exists in the same way as the on. These two entities are the
natural causes of all things.

It is essential to note that in this case the me-on is not identi�ed as �noth-
ing�; instead, it is identi�ed as the empty, in other words the space inside which
the atoms move. The two atomists are not the only ancient philosophers who
assign substance to the me-on. Plato in his dialogue Sophist has the Eleatic
Stranger rejecting the view of Parmenides that the me-on does not exist, and
accepting the view that it exists in the same degree as the on (Plato, Sophist,
240c-e). Moreover, even in Christian thought, and especially in Christian cos-
mology, the me-on is not identi�ed as nothingness, but as an imperceptible
state beyond time, which precedes the creation of the world (Basil of Cesarea,
Homilies on the Hexa�emeros, 1, 5,1-53).

As far as the nature of atoms is concerned, the etymology of the word
itself indicates that the atom is a piece that cannot be divided further. In
addition, a basic property of atoms is that they are of the same nature (oµoϕυή)
(Simplicius, On Aristotle, On the Heavens, 569, 5), in other words they are all of
the same nature, with their sole di�erences located in their shape, arrangement
and position (ρυσµω̃, τρoπη̃, διαθιγη̃). Aristotle writes on the subject: �Thus,
e.g., A di�ers from N in shape, AN from NA in arrangement, and Z from N
in position� (Aristotle, Metaphysica, 985 b13-17). Hence, the physical reality
is structured in a way that depends on the arrangement assumed by the basic
elementary components of the world (See for details Kalachanis (2014)).

Regarding the capability of the human mind to conceive these principles,
Sextus Empiricus reports that the Platonists and the Democriteans understood
that only the mental beings are true: Democritus because for him there is no
sensed object in nature, since the atoms that compose all bodies are stripped
of any quality perceptible by the senses, while Plato because the things that
are perceptible by the senses change continuously (Sextus Empiricus, Against
the Logicians, VIII, 6, 3 and D. A59). This reference illuminates the belief of
the atomists that it is impossible for the senses to approach the fundamental
structures of beings, since the atoms that compose them are devoid of sensed
qualities, such as color or taste. Even when humans perceive properties and
phenomena with their senses, these are not real, but rather conjectures (kata
doxan). Namely, the only realities are the atoms and the void (Sextus Empiri-
cus, Against the Logicians, VII, 135)

Summarizing the above, Leucippus and Democritus argued that there are
in�nite �principles� (the atoms), which cannot be divided and are inaccessible
to the senses.

It is interesting to note that in ancient indian Jain, Ajivika and Charvaka
philosophies, developed in V - VI century B.C. also is present a view that
matter consists of indivisible fundamental particles - atoms.
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2 The atoms of modern physics

A question that subsequently arises is to what extent the science of physics has
approached the truly elementary building blocks of matter. This was a central
topic of scienti�c research in the 20th century, which was assisted by both
the tremendous technological progress and two completely novel revolutionary
theories, namely relativity and quantum mechanics.

The fact that modern physics adopted the term �atom� by Leucippus and
Democritus is indicative of the in�uence exerted by the two natural philoso-
phers upon the future science. However, the modern de�nition of atoms as
the indivisible units of the chemical elements was proved incorrect. Namely,
these �atoms� consist of protons and neutrons stuck together in the atomic
nucleus, and of electrons that ��y� around them. Moreover, the electrons can
be easily detached from atoms. Even atomic nuclei can be further divided,
a phenomenon that occurs on a daily basis in the Earth's interior, produc-
ing natural radioactivity. And, moreover, even protons and neutrons consist of
three quarks each. In order to be true to its etymology and to its original use,
the word atoms should apply to the indivisible and truly elementary forms of
matter (Kalachanis 2012, pp. 13-16).

A landmark in the study of the elementary forms of matter was achieved
in 1897, when J.J. Thomson discovered the electron, the electric charge of
which was measured in 1909 by R. Millikan. Building upon this progress, E.
Rutherford and his students H. Geiger and E. Marsden in 1910 revealed the
distribution of charge in atoms using particle scattering (Geiger-Marsden ex-
periment); thus formulating the �Solar system� model of the atom, according
to which atoms have their positive electric charge at their centers and the neg-
atively charged electrons around them and up to their edges (Serway et al.
2007). As for the neutron, its existence had been predicted theoretically before
its discovery by J. Chadwick in 1932.

The problem with this model was its incompatibility with classical physics:
since electrons revolve around the nucleus, they have a constant centripetal ac-
celeration and every accelerating charged particle radiates energy in the form
of electromagnetic radiation, according to classical electrodynamics. This en-
ergy would be taken out of its kinetic energy and thus electrons would spiral
inwards, colliding with the nucleus and stucking with it forever (See also Hey
& Walters 2005, pp. 71-74). At this point, Niels Bohr modi�ed Rutherford's
model, creating the �rst quantum mechanical model of the atom, according to
which electrons are allowed to move only in certain orbits around the nucleus,
being �imprisoned� into steady and stable energy levels or �shells� and can-
not radiate (Serway et al. 2007, pp. 109-110). The research mentioned above
demonstrated that atoms are not the ultimate building blocks of matter, as
they consist of protons, neutrons and electrons.

3 Quarks

Subsequent research in elementary particle physics revealed that these particles
can be classi�ed into leptons and hadrons; hadrons, in turn, can be either
mesons or baryons. Leptons are not attracted by the strong nuclear force or
interaction, while they also have smaller masses than the hadrons, hence their
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name (leptos = thin). Hadrons have masses equal to or greater than the mass
of the proton, while their basic property is that they are made of smaller
particles called �quarks�. Up to 1968, the fundamental structures of the material
world were thought to be protons, neutrons and electrons. Then, experiments
at the Stanford Linear Accelerator Center (SLAC) showed that the positive
charge of protons was not distributed evenly, but it was concentrated in smaller
constituents that had a charge equal to 1/3 or 2/3 of the electron's charge (Hey
& Walters 2005, p. 61).

These constituents, which are now believed to form the bulk of the Uni-
verse's matter, were named quarks by the American physicist Murray Gell-
Mann, who had theoretically predicted their existence in 1963. This weird
appellation originated from the phrase �Three quarks for Muster Mark� of the
novel Finnegans Wake by the Irish novelist and poet James Joyce. In 1969,
Gell-Mann received the Nobel Prize in Physics for his work on the theory of
elementary particles.

Nowadays, therefore, the ultimate building blocks of matter are considered
to be quarks and leptons, with the quarks stucked together inside hadrons
through the strong nuclear force, which has as its �carriers� the gluons, which
are zero-mass bosons (particles that collectively behave as waves and hence
they cannot form matter). Quarks have bizarre names or ��avors�, such as
up, down, charm, strange, while they are characterized by equally singular
properties carrying metaphorical names like �color� (unrelated to the common
meaning of the word). These names describe properties of quarks that have no
analogs in our macroscopic world, but are essential in describing their inter-
actions; the theory that describes these interactions is called correspondingly
Quantum Chromodynamics or QCD. Combined with the �Electroweak theory�
of Abdus Salam, Sheldon Glashow and Steve Weinberg (Nobel Prize 1979), a
uni�cation of the electromagnetic and the weak nuclear forces that is observ-
able in high energies (Serway et al. 2007, p. 530), QCD forms the so-called
�Standard Model� of particle physics; this model describes and explains the
structure of matter and the forces exerted between its particles, with the ex-
ception of gravity. The electromagnetic force is carried by photons, the weak
[nuclear] force by the W and Z bosons and the strong [nuclear] force by the
gluons.

From these �force carriers� the photon (γ) has zero rest mass, while the W
and Z bosons have a large mass, a fact that di�erentiates the two forces under
normal conditions although they are united in high energies; the process of
di�erentiation is caused by the so-called spontaneous symmetry breaking. This
fact led to the hypothesis of the existence of the Higgs particle, a boson that
causes the symmetry breaking that generates the mass that characterizes the
W and Z bosons (Serway et al. 2007, p. 531). The Higgs boson was recently
detected experimentally in the research taking place at the CERN facilities
and nowadays the Higgs boson is considered as an elementary particle in the
Standard Model of the particle physics.

The discovery of quarks showed that modern physics can penetrate the
structure of matter; while atoms were considered as the ultimate building
blocks of the natural world, scientists demonstrated that they, in turn, are
composed of smaller structures.
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4 Conclusions

The Ancient Greek philosophers who formulated Atomic Philosophy considered
�atoms� to be the natural entities that could not be further divided. Modern
physics, accepting the hypothesis of their existence, proceeded to observe and
to achieve the decomposition of the atom and the discovery of its constituent
particles, the sub-atomic particles. Hence, the fundamental and indivisible par-
ticles of matter, atoms in the sense ascribed to them by Leucippus and Dem-
ocritus, more corresponds to particles such as electrons, neutrinos and quarks
in modern physics.
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