Chapter Five

The Lyceum after Aristotle

The Hellenistic age lasted three centuries, extending from the deaths of Aristotle and Alexander the Great to the establishment of the Roman Empire
under Augustus. During this period the city of Alexandria in Egypt supplanted Athens as both the dominant port city in the eastern Mediterranean
region and its cultural epicenter, except for the sustained pursuit of philosophy in Athens. Scientific investigation in Alexandria included the fields of
physics, biology, geology, medicine, mathematics, astronomy, and philology; and its prestigious library, the Bibliotheca Alexandrina, contained at its
peak as many as 700,000 scrolls, the equivalent of perhaps I 00,000 modem
books. The large number of astronomers and mathematicians who lived in
Alexandria included Aristarchus, Eratosthenes, Euclid, Hipparchus, Callimachus, and Apollonius of Perga as well as the inventor, Hero. On the other
hand Plato's Academy remained active in Athens, and almost as influential
were the newly established schools of Epicurus' so-called Garden and the
Stoa of Zeno where he and his disciples sought a credible synthesis of Platonism and religion. In Aristotle' s Lyceum, Theophrastus and then Strato
sustained a high level of achievement in both science and secular cosmology,
but unlike the theoretical writings of Aristotle, theirs were later almost entirely lost, leaving little documentation of their mature theoretical assumptions.
Over time, economic and political trends became more hostile to secular
philosophy. Populist collective needs prevailed at the expense of the seemingly indifferent secular philosophical speculation at odds with religion. 1
Once Rome attained victory in the Punic Wars, it became the dominant
military presence in the region, and an empire emerged that tolerated various
religions and fertility cults brought to Rome by the many immigrants from
captured territory throughout the Mediterranean region and beyond. A concomitant decline seems to have occurred in secular philosophy except for the
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contribution of such figures as Lucretius, Posidonius, Cicero, Plutarch, and a
diminishing assortment of their contemporaries preceding the emergence of
Christianity. In effect, the unique ideological achievement of ancient natural
philosophy seems to have undergone a gradual rise and fall that both anticipated and somewhat overlapped with the later and more famous rise and fall
of the Roman Empire.
Not that philosophy had yet displayed signs of severe decline. The materialist perspective of Aristotle ' s two remarkable disciples--Theophrastus followed by Strato--remained at a high level. The many inhabitants of Epicurus'
controversial Gardens continued to link religion with hedonism supposedly
justified by Democritus' theory of atomism, and Pyrrho's version of skepticism more or less encouraged the pursuit of religion. In contrast, Arcesilaus,
the sixth head of Plato' s Academy, abandoned Plato's doctrine of ideal
forms , instead featuring systematic disbelief based on sustained common
sense (eulogon). A century later his successor Carneades went even further
by proposing sustained analysis dependent on the question of probability.
Platonists and Stoic philosophers continued to stress transcendent assumptions, but the Aristotelians, Epicureans and Academic skeptics beginning
with Arcesilaus remained secularists, and both Strato and Cameades in particular came to be recognized as militant atheists. Carneades took disbelief to
an extreme that was arguably more aggressive than that of anyone else either
before or since.
As with Epicurus, almost the entire theoretical productivity that Theophrastus and Strato sustained at a high level throughout their lives was to be
lost to posterity. As a result there is little record of their ideas in their own
words. They may paradoxically be said to have provided the most sophisticated but least influential analysis identified with ancient secularism. Fortunately, Diogenes Laertius compiled extended bibliographies for both of them
that were even more inclusive than Aristotle's extant writings, but with little
textual evidence of their content relevant to science and cosmology.
The seven outstanding figures in secular philosophy who played significant roles during the three-century Hellenistic phase include Theophrastus
and Strato of Aristotle's Lyceum, Epicurus followed much later by Lucretius
among the so-called Epicureans, Arcesilaus and Carneades among the socalled Academic skeptics, and finally Cicero because of his early education
by tutors linked with a variety of philosophical schools, as well as his pivotal
role in history of Rome. His two remarkable dialogues, Academica and Nature of the Gods, together provide an excellent picture of secular philosophy
as a whole up to that time.
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I. THEOPHRASTUS (cA. 371-287BC)
For roughly fifty years after Aristotle ' s death the Lyceum continued to exist
as a major school of philosophy under the leadership of Theophrastus, followed by Strato as his disciple. Both were exceptionally talented, and the
school's theoretical predominance diminished only after the death of Strato.
Born with the name Tyrtamus, Theophrastus was said to have been given his
nickname by Aristotle because of his graceful style. Fourteen years younger
than Aristotle, he first studied at Plato's Academy, then seems to have left
Athens with Aristotle following Plato's death. He later joined Aristotle's
Lyceum at its inception, and when Aristotle fled from Athens to avoid prosecution, he replaced him as director of the Lyceum and retained this role for
the next thirty-six years until he himself died at the age of eighty-five. Altogether, as many as 2,000 students were said to have attended his lectures, and
unlike Aristotle, he also seems to have enjoyed a high level of popularity
among his fellow citizens in Athens throughout his life. When he was tried
for atheism, apparently for opposing animal sacrifice, he was declared innocent of the charges and became even more popular among Athenians.
Theophrastus extended Aristotle ' s research on a basis that Aristotle himself would have fully supported. In particular Theophrastus ' prolonged studies in botany justified his later status as the so-called father of botany, despite
Aristotle ' s earlier findings . He also continued to expand his inquiries into
many areas as suggested by his enormous bibliography of 741 texts, 490 of
them listed by Diogenes Laertius. According to their titles he published at
least fifty texts pertaining to science, thirty-five on human behavior, thirty on
logic, ten on religion, and at least a dozen relevant to philosophy in general,
and he authored specific studies of Anaxagoras, Anaximenes, Archelaus,
Diogenes, Empedocles, and two apiece on Democritus and Plato. Unfortunately, all of these philosophical texts were lost except for his brief essay,
Metaphysics. This seems to have been found among Aristotle's lecture notes
when they were discovered and his Metaphysics is quite useful as a summary
in helping to clarify his version of cosmology as compared to Aristotle's
earlier perspective.
A single easily overlooked citation in Sextus Empiricus ' biography of
Parmenides discloses that among his twenty-nine lost scrolls upon physics,
Theophrastus published what amounted to a standard history of ancient theories about the connection between the soul and the body, in other words
between mind and conscious behavior. 2 Relevant to the concepts of Parmenides, Anaxagoras, Plato, Aristotle, and probably Theophrastus himself, it
seems a major split continued to exist between theories that featured
transcendent consciousness and those that emphasized mental performance
linked with physical behavior. That Theophrastus authored such a history
suggests the continuation of secular analysis, but also that he felt obliged to
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acknowledge the concept of transcendent soul in the very effort to discourage
its implications. Theophrastus summarized Aristotle's perspective with relative objectivity and displayed his ability to present controversial analysis
without provoking a hostile reaction.
Not more than eighteen pages long, Metaphysics offers a broad summary
in response to Aristotle's theories in De Anima and other late writings. There
is no hard evidence that Theophrastus wrote the text only its strong likelihood, since he alone was uniquely qualified having discussed the relevant
issues. The text's final perspective seems quite compatible with Aristotle's
assumptions, but is based on less stringent analysis. Obviously Theophrastus
wrote it in an effort to clarify Aristotle's complex arguments and present
them in a simpler and more accessible form for the general reader. In addition, he was able to perform such a task while mentioning a variety of
tangential issues far more elusive than Aristotle might have been willing to
concede. Many of Theophrastus' ideas seem retrospective, effectively the
reconsideration of arguments more closely elaborated in earlier works, but
there is also the sense that much remained to be ascertained on a more
inclusive basis.
At the beginning of Theophrastus' text several early portions seem to
promote a monotheistic version of godhead that might have been acceptable
to Plato. For example, he writes:
It is necessary, presumably, to recognize [realities] by some power and some
superiority to other things, as if it were God that we were apprehending; for the
ruling principle of all things, through which all things both are and endure, is
divine. 3

The use of italics suggests the possibility of interpolation, especially with
the additional wording, " ... for the ruling principle of all things ... is
divine." Here his insistence seems plain that a higher power dominates the
universe, and it can be most readily described as God. However, word play in
later passages suggests a pantheistic equation between the god concept and
the universe itself as a substitute for deity.
Elsewhere Theophrastus concedes that Plato had been able to apply ruling
principles to ideas, numbers, and "the things we have names [for]," but
complains of Plato having sought to "treat of the ruling principles only."
How much better, he argues, is the scientific approach he shared with Aristotle that featured the discovery and interpretation of such principles without
implying their imposition by any kind of a higher power. As opposed to
metaphysics, science should feature empirical analysis to determine the validity of ruling principles quite aside from whether they have any link with
godhead. Theophrastus emphasizes the variable freedom of the universe and
actually praises Heraclitus' startling fragment to the effect that the universe
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"is like a rubbish-heap of things thrown anyhow." 4 The standard translation
of Heraclitus' sentence features dust rather than rubbish, but the word "rubbish" bears useful connotations pertaining to a jumbled anarchy that too
often defies simplistic cause-and-effect analysis.
Just a page later, Theophrastus points out the pantheistic dilemma that
occurs if God is both the moved and mover:
And even sense-perception seems in a way to join in proclaiming that the
mover need not always, because the one acts and the other is acted on, be
different from what it moves; the same result follows ifwe apply the question
to reason itself and to God. 5

The emphasis here is decidedly pantheistic. If the universe, like God, is
both moved and the mover, it possesses comparable authority, so the two are
in effect identical at least to this extent. If one is nothing less than the product
of itself, so is the other. But the only God that can be the product of itself
would be the universe, and the only universe that can be a product of itself
would be God.
Early on in the text Theophrastus expresses doubts he shared with Aristotle about the use of binary combinations in explaining the dynamics of existence. However, he concedes on the final page that heavenly bodies "possess
order" that suggest mathematics, and he declares both that the "whole of
reality . . . consists of contraries" including the Manichaean standoff between
good and evil, virtue and vice, heaven and hell, and benevolent and hostile
gods. He also seems to concede the validity of physical binarisms between
heat and cold as suggested by Anaximander, between fire and logos as suggested by Heraclitus, and between atoms and void as suggested by Democritus. Even more basic, Theophrastus suggests, are binarisms between what
"is" and what is "not," between truth and error, and between existence
worthy of analysis and transcendent suppositions. Theophrastus softens his
wording, but the phrase, "transcendent sort of wisdom," seems obvious and
almost prophetic of the later convergence between Platonism and religious
revelation.
In Chapter VII, Theophrastus points out the important linkage between
Aristotle's texts, De Caelo and De Anima, by defining philosophy as a comprehensive explanation of both celestial motion and animal life:
It is clear that the celestial system also in its rotation . . . is a sort of life of the
universe. Surely, then, if the life in animals does not need explanation or is to
be explained only in this way, may it not be the case that in the heavens too,
and in the heavenly bodies, movement does not need explanation or is to be
explained in a special way? 6
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Here Theophrastus seems to imply the Aristotelian cosmology that all
existence partakes of cyclical infinitude in addition to the interaction among
contraries that do not need to be explained by transcendent authority. Sustained existence accordingly predominates both in the sky as demonstrated
by the endless orbits of stars and planets, and on earth by endless procreation
of life from one generation to the next as Aristotle suggested in De Anima.
In Chapter IX, the final chapter of the treatise, Theophrastus discusses the
possibility of evolution earlier suggested by both Anaximander and Aristotle:
In the case of plants and still more of inanimate things that have a nature which
is determinate, ... there seems to be some plausibility in the view that after all
it is fortuitously and by the rotation of the universe that these things acquire
certain forms or differences from one another." 7

Implicit in this somewhat confusing sentence is Darwin's notion of both
genetic variation and the improved chances of survival among variant species. Also implicit is the suggestion that all of nature very likely occurs
without the intervention of one or more gods.
Theophrastus concludes his short essay by suggesting both the modest
role of human life in the universe and the importance of the ethical distinction between good and evil in the universe:
For what is animate is a small part of the universe, and what is inanimate is
infinite; and of animate things themselves there is only a minute part whose
existence is actually better than its non-existence would be. But to say that in
general the good is something rare and found only in few things, .. . is the act
of a most ignorant person .... Rather, reality in fact is and always has been
good. 8

As far as he is concerned, human ethics that depend on religion are inconsequential compared to the benign indifference of the universe as a whole. He
also asserts that even the one or more deities worshipped by believers "cannot guide everything to what is best." 9
Theophrastus makes an abrupt transition at the very end of Metaphysics
to what seemed the theoretical incompatibility between Aristotle and Democritus' respective cosmologies. This transition is admittedly sudden, as the
topic has no obvious relevance to the issues under discussion. However, it is
significant in the history of science, for Theophrastus apparently suggests the
necessity of obtaining a synthesis between Aristotle's cyclical model of the
universe as a whole and Democritus' concept of atomism at a microscopic
level. Theophrastus himself seems to have already proposed the tentative
concept of a "micro-void" as a possible compromise between the two competitive theories of natural philosophy. Thus, he abruptly shifts his topic to
the need for sustained investigation in order to obtain a viable synthesis
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between the two seemingly incompatible perspectives. The enormous task he
proposed was obscured by his bland wording, "But at any rate these are the
questions we must inquire into." 10 Apparently he sought what would have
amounted to an ancient unified field theory and in fact, Strato did attempt
reconcile the two theories for example, by conducting experiments using a
relatively crude version of a vacuum jar he invented. His effort was doomed
to failure because of the inadequacy of his equipment, but, more significantly, his primitive effort initiated the dependence on experimentation in order
to confirm the validity of one or more theories. To this extent, at least,
Theophrastus can be said to have inspired Strato's effort as a major step
toward the remarkable achievement of modem science later reinvented by Sir
Francis Bacon.
II. STRATO OF LAMPSACUS (cA. 335-287 BC)
Strato was born in Lampsacus and was the tutor of Ptolemy II in Alexandria,
where he also played a central role in secular philosophy. He was the mentor
of several of Alexandria's most important scientists as well as the friend and
mentor of Arcesilaus, the dominant Academic skeptic in Athens at the time.
After Theophrastus' death, Strato became the third director of the Lyceum in
Athens and served in that capacity until his own death eighteen years later.
During this period he published upon a large variety of topics including
physics, ethics, cosmology, logic, psychology, and zoology among many
others. Diogenes Laertius lists specific titles of some of his lost papers including "On Chance," "On Definition," "On Justice," "On Happiness," and
"On Modes of Life." Only in recent times has Strato's extant corpus of
fragments and segments been gathered, consisting of 150 fragments and
paraphrastic summaries by as many as fifty ancient and medieval authors. 11
Simplicius salvaged seventeen of these fragments , the early doxographer
Aetius obtained sixteen, Plutarch fourteen, Sextus Empiricus seven, and Cicero four.
It can be assumed that Strato's name was stricken from the record and
that his works were all but eradicated because of his outspoken arguments
supportive of atheism. Throughout his lifetime he seems to have freely acknowledged his atheism, and it seems without threat of prosecution. However, by the late Middle Ages his contributions in both philosophy and natural
science had been almost totally erased from the history of ancient philosophy. The choice among scholars at the time appears to have been to preserve
Aristotle's contribution through a few appropriate deletions and editorial
modifications; to acknowledge Theophrastus' contribution without preserving his papers on cosmology, with the exception of Metaphysics; and finally
to ignore Strato's contribution in its entirety. He seems to have been erased
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from the record of both science and philosophy, and this omission persists
today. This is even true, for example, for two recent histories of ancient
secular philosophy, Jennifer Hecht's Doubt: A History, published in 2003,
and Tim Whitmarsh's Battling the Gods: Atheism in the Ancient World,
published in 2015. Neither mentions Strato despite the significant role he
played in the advance of secularism during the Hellenistic period. The unusual convergence at the time between the two schools, Plato's Academy under
the leadership of the skeptic Arcesilaus, and Aristotle's Lyceum under the
leadership of Strato, was itself evidence of the central role Strato played in
the history of philosophy.
As documented in Diogenes Laertius's biography, Strato's last will and
testament discloses his close friendship with Arcesilaus. Both the wording
and provisions of the will indicate strong rapport between the two, suggesting the extent to which Arcesilaus' version of Academic skepticism dominant at the time was in fact compatible with Strato's outright atheism. If true,
the earlier standoff between Plato and Aristotle's antithetical philosophies
seems to have been resolved by Strato and Arcesilaus, the two famous philosophical schools' directors, with Strato's insistence on rigorous scientific
methodology and Arcesilaus' theory of epoche as relentless skeptical inquiry.
Strato's atheism was undoubtedly linked with his effort as a scientist to
discover an inclusive theory of the physical universe that was independent of
supernatural authority. He was quoted as having boasted that he "did not
make use of the gods in explaining the origin of the world," and according to
Cicero, he further insisted, "The sole repository of divine power is nature,
which constrains in itself the causes of birth, growth, and decay, but is
entirely devoid of sensation and of form ." 12 Strato promoted two basic concepts that later became standard assumptions of scientific materialism, the
first, the so-called "Stratonician Presumption" as named by the contemporary
English philosopher, Anthony Flew. Formulated as an axiom, it declared that
any idea or supposition including the god concept must be fully substantiated
in order to be accepted as a probable truth. Implicit was the concept that the
universe is nothing more or less than its own cause and therefore provides its
own explanation:
"Whatever characteristics we think ourselves able to discern in the universe as
a whole are "underivative" [sic] characteristics of the universe itself." 13

The second concept entailed the insistence that all observable phenomena
can be explained as imminent forces of nature, much as Aristotle and Theophrastus had already implied or stated as qualified by the role of probability:
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... and he [Strato] says in the end that the universe itself is not animate and
that nature is subsequent to chance, for the spontaneous initiates the motion,
and only then are the various natural processes brought to pass." 14

A strictly physical universe could then be described based on principles
of determinism. Perhaps unexpectedly, the theologian Lactantius, an advisor
of the Emperor Constantine, later took this argument even further on the
assumption either that "first-principles came together at random" or that the
universe "was brought into existence by nature in an unlooked for way":
Nature ... has in itself a power of producing generation, growth and decay,
but it has no consciousness or shape, so that we may understand that all things
have .. . been produced spontaneously, not by any craftsman or originator. 15

Lactantius insisted both altematives-"random" and "unlooked for"-were "idle and impossible." However, as suggested by Plutarch, who quoted
the passage, their connection seems possible. According to Cicero in Academica, Strato insisted on the existence of a unique but explicable godless
universe:
He [Strato] declares that he [himself] does not make use of divine activity for
constructing the world. Instead, his doctrine is "that all existing things of
whatever sort have been produced by natural causes . .. dependent on the
"natural forces of gravitation and motion. 16

He implied that the universe is susceptible to scientific analysis devoid of
religious implications.
Strato also proposed that the underlying structure of matter is "particulate," and that there are only two primary qualities, hot and cold--a notion
first suggested by Anaximander. At a comparable level of abstraction, Strato
went on to explain that all existence "has been caused by natural forces of
gravitation and motion." 17 Thus, Strato was able to reduce Aristotle's explanation of motion to just two impersonal cosmic forces, the attraction of
matter and the numerous transitional displacements produced by this attraction. There was no role for any kind of a god or gods in the physical universe
proposed by Strato, and an entirely different unifying physical force was
needed. Aristotle had already mentioned gravity in both De Caelo and Metaphysics, and Strato tried to identify it more specifically and to measure its
force. 18
Strata' s most important contribution to natural philosophy was his invention of scientific experimentation to confirm the function of physical attraction and measure it as described by Aristotle. Encouraged by Theophrastus,
he apparently sought to obtain a valid synthesis between Aristotle and Democritus' respective macro- and micro-cosmic theories of physics. This
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methodology seems to have been the first of its kind to test a basic theory.
Earlier novelties such as the so-called Baghdad Battery might have been
devised to exhibit the presumed mysteries of both magnetism and static
electricity, but the use of experimentation to measure the impact of a physical
force had never been attempted before. As to be expected, the experiment
was only partially successful. However, as explained by G.E.R. Lloyd, the
importance of Strato's theory of gravity was "not so much in what [he] was
trying to prove [e.g. the fact that acceleration occurs or that falling objects
tend to cause other objects to rise] as in the way he sought to prove it." 19 On
this basis Strato seems to have invented scientific experiments, and, however
primitive his effort, it turned out to be an even more important step than
Aristotle's earlier emphasis on the accumulation of data. Aristotle had already established the importance of collected data relevant to biological sciences, but it was Strato who enlarged the scope of science to include physics
and astronomy and employed the experimental principle of "falsifiability by
observation," as explained by the twentieth century philosopher Karl Popper.
To confirm any particular explanation of the physical universe, for example
the relationship between gravitation and velocity, the experimental scientist
needs to measure evidence on a controlled basis in experimental situations
designed for exactly this purpose. The success of an experiment demonstrated the validity of a particular theory, and its failure could be just as useful in
demonstrating the need to explore possible alternatives.
Strato sought, for example, to measure the effect of gravity by dropping
an object from two different heights-less than an inch and a hundred feetin order to compare the relative effects of their impact. However crude, the
measurement of comparative differences helped to justify his seemingly obvious conclusion that acceleration occurs when anything falls and that it is a
result of gravity, ergo gravity exists to the extent that it can be measured. As
explained by Strato, "The weight of the object does not increase, the object
itself has not become greater, it does not strike a greater space of ground, nor
is it impelled by a greater [external force]; nevertheless, it moves more
quickly, thereby producing a greater impact." 20 Having dispensed with four
alternative hypotheses, Strato demonstrated the likelihood that acceleration
was influenced by "attraction" as anticipated by Aristotle and much later as
explained by Galileo. Strato confirmed this principle in his essay, "On Motion," as quoted by Simplicius. To confirm the principle of acceleration, he
also measured a falling stream of water that breaks into drops toward the
bottom of its fall, supporting the likelihood that water particles as well as
objects gather speed when they fall.
For if one observes water pouring down from a roof and falling from a considerable height, the flow at the top is seen to be continuous, but the water at the
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bottom falls to the ground in discontinuous parts. This would never happen
unless the water traversed each successive space more swiftly. 21

Lower portions of the stream accelerate to such an extent that they can be
observed to break loose from higher portions. As can be observed of foun• tains, the water speeds up while falling such that the lower portions of water
separate as drops from higher portions.
One step further, Strato demonstrated weight's essential role by demonstrating the more basic principle that comparative weight increases the greater downward thrust of some things (e.g. iron) as compared to others (e.g.
dirt), resulting in the upward thrust of much lighter substances (notably both
water and fire):
. . . every body possesses heaviness and moves towards the center [of the
world], but because the heavier ones settle at the bottom the less heavy ones
are forcibly squeezed out upwards by them, so that, if someone removed the
earth, water would go to the centre, and if the water, air, and if the air, fire. 22

Strato accordingly revised Aristotle's distinction between opposite forces,
one downward and the other upward, by proposing a simpler distinction
between various downward forces, some of them sufficient to force the compensatory upward thrust of others. Strato 's findings based on this experimentation were substantial. Again, his experimental analysis was later unfortunately lost or destroyed.
Aristotle and various contemporaries had already suggested numerous
valid concepts and suppositions, but none had turned to the use of experimental evidence to confirm their validity. Aristotle himself completely overlooked such an approach, with the possible exception of a brief passage in De
Caelo that mentioned different effects to be observed in a jar, and Plato
actually suggested such a mode of investigation in Timaeus only to warn
against what seemed the misguided effort to determine probability based on
powers that are limited to God. His advice may be quoted in its entirety:
There will be no difficulty in seeing how and by what mixtures the colors
derived from these are made according to the rules of probability. He, however, who should attempt to verify all this by experiment, would forget the
difference of human and divine nature. For God only has the knowledge and
also the power which are able to combine many things into one and again
resolve the one into many. But no man either is or ever will be able to accomplish either the one or the other operation. 23

Plato emphasized the limits of human intelligence compared to divine
intelligence in the ability to dispense and interpret particular truths, quite
aside from the future benefits of experimentation for almost all fields of
scientific inquiry.
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Also important in the advance of natural philosophy was Strato's text,
"On the Void," which seems to have explored in depth the possibility of
resolving what seemed a basic contradiction between Democritus and Aristotle's versions of natural philosophy. Democritus had featured discontinuity
resulting from the universal existence of void to explain the possibility of
motion, and Aristotle had featured the necessity of continuity throughout the
universe whereby all such voids are impossible. In Physics 4.6-9, he seems to
have been confident of his stance except at the very end in 217b-20-28,
where his analysis becomes confused. For Strato, however, the question was
whether some kind of a synthesis could be found on an experimental basis to
resolve this question. Theophrastus had suggested the necessity to address
this question in his last paragraph of Metaphysics; and in "On the Void"
Strato sought an acceptable theoretical synthesis by withdrawing air from a
drum in order to measure a sufficient vacuum for the purposes of analysis.
His equipment, a simple vacuum jar, was far too primitive to clarify the
question, but his ingenuity was unprecedented.
In light of modem physics there is no insurmountable contradiction between the seemingly divergent theoretical perspectives of Democritus and
Aristotle. In one sense all space is occupied by an infinite assortment of
atoms and particles, as proposed by Democritus, but, as proposed by Aristotle, these atoms and particles can also be treated as concentrations of energy
vastly smaller than the distances among them in any medium more concentrated than a perfect vacuum. Indeed, visible things do exist as "bound"
collections of atomic particles that can travel in space, but in doing so they
displace other things less tightly bound as collections of particles. To this
extent a rock necessarily displaces a loose assortment of water particles as it
drops to the bottom of a tank full of water, and in fact similar displacements
occur at a microscopic level for every motion, every manifestation of displacement.
Strato's task was to obtain a synthesis that salvaged both options and
reconciled their seemingly contradictory theories of the physical universe. As
later explained by his protege, Hero, he proposed that the exterior space of
mass consisting of atoms includes micro-voids, effectively "pockets of emptiness" that exist both within atoms and among them as well. With specific
reference to water penetrated by light, Hero went on to quote Strato's suggestion that the void inside atoms can be penetrated without obvious impact. 24
Temporary micro-voids that comprise intermittent empty space could also be
explained within objects or atoms, if not among them. 25 Again, this is evidence ofStrato's effort to obtain a synthesis between Democritus and Aristotle. According to Hero, Strato's conclusion was necessarily simplistic, but
more important, his effort anticipated modem scientific analysis totally beyond both metaphysics and ancient mythology. 26 For who else in the ancient
pursuit of "truth" resorted to experimentation preceding Strato except per-
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haps Aristotle? In fact, Aristotle mentions such a possibility almost incidentally at the very end of De Caelo , but there is no evidence he turned to this
level of observation on a systematic basis. 27 Moreover, Strato's relatively
awkward synthesis set a precedent for similar inductive determinations much
later in the history of science. Two such examples are the eighteenth century
discrepancy between Newton and Huygens' respective theories of light (as
particles and/or waves), and, more recently, the early twentieth century discrepancy between quantum mechanics and Einstein's theory of relativity.
Though at a far more sophisticated level of analysis, Einstein's effort in his
later years to reconcile these seemingly incompatible theories into a unified
field theory was comparable to Strato' s effort to integrate Aristotle and Democritus' theories of space.
Strato explored many additional questions on a strictly empirical basis,
including the theories of light, displacement, condensation, rarefaction, and
elasticity. Without mentioning Strato by name, Bacon drew upon his example at the tum of the seventeenth century, and with sufficient success that
experimental science has become standard since then. 28 Strato had other
insights and hypotheses that called for experimental confirmation. These
included the likelihood that hot and cold repel each other, that change is just
as unpredictable as stasis, that time is a measure of both change and rest, that
the human personality changes with age, that every living creature is capable
of thought, and that the seat of thought- thus by implication the soul itselfis located in the middle of the brain. Even today most of these issues remain
worthy of investigation.
Strato' s two successors as directors of the Lyceum, Lyco followed by
Aristo, can be considered to have been relatively inconsequential, and Aristotle's Lyceum fell into obscurity within the next few generations. However, at
the time Strato seems to have borne a substantial influence upon the scientists who gathered in Alexandria at the time. Most notably he served as the
mentor of such major astronomers and scientists in Alexandria as Aristarchus, Hipparchus, and Eratosthenes, and, as already indicated, he had been a
friend and mentor of Arcesilaus in Athens. Through Aristarchus, Strata was
also said to have had at least an indirect influence on Archimedes of Syracuse. The achievement of scientists influenced by Strato was also impressive.
In the field of astronomy, for example, Aristarchus, Eratosthenes and Hipparchus established the earth to be a sphere located in a heliocentric universe,
and among other findings they demonstrated that the sun is larger than the
earth, that the earth rotates on its axis, causing day and night, and that it
slightly tilts on its axis, resulting in the seasons. Hipparchus alone calculated
the accurate length of the year as well as the accurate sizes of the sun and
moon, and he also charted the stars. In tum, Eratosthenes successfully measured the size of the earth and suggested the possible expansion of continents,
the position of mountain chains, the geological submergence of lands (al-
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ready a topic of keen interest to Strato), and the elevation of ancient seabeds. 29
A loyal student of Strato, the mathematician and inventor Hero explored
such phenomena as the flow of water in pipes and the reflection of light rays
in short paths, and he invented a number of ingenious devices, including
siphons, fountains, an air pump, a water organ, a thermoscope, and, most
notably, the first steam engine that almost worked. In turn these scientific
and technological achievements inspired almost three hundred years of medieval Arab scientific inquiry from the ninth to the twelfth century and finally
the scientific inquiry of modern European civilization beginning with Bacon,
Galileo, and their contemporaries in the sixteenth century. Certainly Strato
was not the unique source of all these achievements, but he played a pivotal
role in linking ancient Greek materialism and modern science.
Last but not least, Strato's outspoken atheism probably helped to inspire
Carneades' later atheistic stance that was also influential. During their lifetimes, both were dominant in their respective fields. Strato was the last major
natural philosopher in the ancient tradition extending from Thales to Aristotle's Lyceum and beyond, and more than a century later Carneades in his role
as the director of Plato's Third Academy was the single most persuasive
skeptic opposed to religious belief since Strato. Not surprisingly, historians
supportive of organized religion have disregarded both of them. Everything
they produced has been lost except for fragments that are only beginning to
receive examination based on their theoretical merits.

