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CHAPTER V. THE BEGINNINGS OF GREEK SCIENCE

Hitherto our studies have been impersonal. Among Egyptians and Babylonians we have classes of scientific records, but we have scarcely come across a single name.
Among the Greeks, we shall begin to find records of the work of individual investigators.
We shall be able to trace each great idea, if not to its originator, at least to some one man of genius who was prominent in bringing it before the world. 

The first of these is Thales, of Miletus. He is not a very defined personality.
The dates of his life - 640 to 546 B.C. - may be accepted as at least approximately, as well as the discoveries ascribed to Thales himself or one of his immediate disciples. 
For the least, Thales has a  great reputation. 
He was universally credited with having predicted the famous eclipse of May 25th, 585 BC.
Very likely, the magical prevision of the father of Greek thought was but a reflex of Oriental wisdom. But it sufficed to establish Thales as the father of Greek astronomy. 
He did not recognize the sphericity of the earth, but held, still following the Oriental authorities, that the world is a flat disk. Even his famous cosmogonic guess, according to which water is the essence of all things and the primordial element out of which the earth was developed, is but an elaboration of the Babylonian conception.
In geometry, we again find evidence of the Oriental influence. The science of geometry, Herodotus assures us, was invented in Egypt. It was there a practical science, being applied, as the name literally suggests, to the measurement of the earth's surface.
The primitive geometer, then, was a surveyor.
The Egyptians had learned to square the circle with a close approximation to the truth, sufficient for all practical needs.
Whether borrower of originator, however, Thales is credited with the expression of the following geometrical truths:
        1. That the circle is bisected by its diameter.
        2. That the angles at the base of an isosceles triangle are equal.
        3. That when two straight lines cut each other the vertical opposite angles are equal.
        4. That the angle in a semicircle is a right angle.
        5. That one side and one acute angle of a right-angle triangle determine the other sides of the triangle.
By the application of the last of these principles Thales is said to have been able to measure the distance of a ship from the shore.
Another practical demonstration was the measurement of any tall object, such as a pyramid or building or tree, by means of its shadow. 
We are told that Thales conceived for the first time the geometry of lines, and that this, indeed, constituted his real advance upon the Egyptians. He conceived the eclipse of the sun as a purely natural phenomenon. 
In that, he was greatly in advance of his time, for it will be recalled that two hundred years later the Greeks under Nicias before Syracuse were so disconcerted by the appearance of an eclipse, which was interpreted as a direct omen and warning, that Nicias threw away the last opportunity to rescue his army.
Thucydides, it is true, in recording this fact speaks disparagingly of the superstitious bent of the mind of Nicias, but Thucydides also was a man far in advance of his time.
We also know of Thales a famous maxim, "Know thyself".

The disciples or successors of Thales, Anaximander and Anaximenes, were credited with the invention or introduction of the sundial. The gnomon, however, had been known and used from remote periods in the Orient. Anaximander may have elaborated some special design, possibly the bowl- shaped sundial.
The same philosopher is said to have made the first sketch of a geographical map, but a Babylonian attempt at depicting the geography of the world is still preserved to us on a clay tablet. Anaximander may have been the first Greek to make an attempt of this kind. Here again the influence of Babylonian science upon the germinating Western thought is suggested.

It is said that Anaximander departed from the current conception of the earth, that he conceived as a cylinder, or rather as a truncated cone, the upper end of which is the habitable portion. More striking, the earth is not supported by anything  in space, since it floats freely; the Moon, the Sun and other stars just turn around and under it.

Anaximander held a theory about organic evolution. According to this idea, man developed from a fishlike ancestor, "growing up as sharks do until able to help himself and then coming forth on dry land."
This thought finds its germ, perhaps, in the Babylonian conception that everything came forth from a chaos of waters.
Yet the Oriental line of thought does not convey any idea of transformation of species.

CHAPTER VI. THE EARLY GREEK PHILOSOPHERS IN ITALY

They are Pythagoras, Parmenides, and Empedocles. Pythagoras was the senior.
Xenophanes came rather late in life to Elea and founded the famous Eleatic School, of which Parmenides became the most distinguished ornament. These two were Ionians, and they lived in the sixth century before our era. Empedocles, the Sicilian, was of Doric origin.

Diogenes Laertius tells a story about a young Pythagoras entering the arena at the Olympian games and asking to compete with the other youths in boxing.
Pythagoras was born on the island of Samos, which lies near the coast of Asia Minor, but he probably migrated at an early day to Crotona, in Italy.
He became the founder of the Crotonian School of Philosophy; developed the religion of the Orphic mysteries; conceived the idea of the music of the spheres; promulgated the doctrine of metempsychosis; first, perhaps, conceived the notion that the world on which we live is a ball which moves in space and which may be habitable on every side.

A sound mind in a sound body was the ideal of the Greeks. Aeschylus distinguished himself at the battle of Marathon; Thucydides, the greatest of Greek historians, was a general in the Peloponnesian War; Xenophon, the pupil and biographer of Socrates, was famed for having led the Ten Thousand in the memorable campaign of Cyrus the Younger; Plato himself was credited with having shown great aptitude in early life as a wrestler.

First and foremost, there is the doctrine that the earth is a sphere. Pythagoras is said to have been the first advocate of this theory; but it is reported also that Parmenides was its author.

So far as we can ascertain, no Egyptian or Babylonian astronomer ever grasped the wonderful conception that the earth is round. That the Italic Greeks should have conceived that idea was perhaps not so much because they were astronomers as because they were practical geographers and geometers.
Pythagoras is reported to have travelled in Egypt, and he must there learned astronomy. He was the first person who discovered or asserted the identity of Hesperus and Lucifer, the morning and the evening star.
He is said to have introduced, not to have invented, weights and measures, a statement which suggests that weights and measures were previously employed in Egypt and Babylonia.

No line written by Pythagoras has come down to us. He refrained from publishing his doctrines, except by words. Until the time of Philolaus no doctrines of Pythagoras were ever published.
The earth, which is also spherical, is inhabited all over in its centre; there are antipodes, and that what is below, as respects us, is above in respect of them.
"Another of his theories was that the air around the earth was immovable and pregnant with disease, and that everything in it was mortal; but that the upper air was in perpetual motion, and pure and salubrious, and that everything in that was immortal, and on that account divine. 

A ray from the sun penetrated both the cold aether and the dense aether; and they call the air the cold aether, and the sea and moisture they call the dense aether. And this ray descends into the depths, and in this way vivifies everything. And everything which partakes of the principle of heat lives, on which account, also, plants are animated beings; but that all living things have not necessarily souls. The soul is something different from life, and is immortal.
"Also, animals are born from one another by seeds, and it is impossible that there be any spontaneous production by the earth. 
The Pythagoreans also assert that the whole air is full of souls. 
A summary of the doctrines of Pythagoras shows an extraordinary variety of scientific ideas. 
(1) There is suggested a theory of monads and the conception of the development from simple to more complex bodies, passing through the stages of lines, plain figures, and solids to sensible bodies. 
(2) The doctrine of the four elements--fire, water, earth, and air - as the basis of all organisms is put forward. 
(3) The idea, not merely of the sphericity of the earth, but an explicit conception of the antipodes, is expressed. 
(4) A conception of the sanitary influence of the air is clearly expressed. 
(5) An idea of the problems of generation and heredity is shown, together with the disavowal of the doctrine of spontaneous generation.
(6) A remarkable analysis of mind is made, and a distinction between animal minds and the human mind is based on this analysis. The physiological doctrine that the heart is the organ of one department of mind is offset by the clear statement that the remaining factors of mind reside in the brain. This early recognition of brain as the organ of mind must not be forgotten in our later studies.
(7) A knowledge of anatomy is at least vaguely foreshadowed in the assertion that veins, arteries, and nerves are the links of the soul. It should be recalled that Pythagoras was a practical physician.

His disciples used to put all their possessions together in one store and use them in common. Here, then, is the doctrine of communism put to the test of experiment at this early day.

XENOPHANES AND PARMENIDES

Xenophanes was born at Colophon probably about the year 580 B.C., and, after a life of wandering, settled finally in Italy and became the founder of the so-called Eleatic School.
He had a peculiar aversion to the anthropomorphic gods conceptions of his fellows. [We have a few fragments of his philosophical poem].

Hippolytus records that Xenophanes studied the fossils to be found in quarries, and drew some remarkable conclusions. 
Here, we see this earliest of paleontologists studying the fossil-bearing strata of the earth, and drawing from his observations a marvellously scientific induction. 
"Once the earth was mingled with the sea, but in the course of time it became freed from moisture".
Almost two thousand years later Leonardo da Vinci, got similar conclusions from like observations.
The geological doctrine of Xenophanes, then, must be listed among those remarkable Greek anticipations of nineteenth -century science which suffered almost total eclipse in the intervening centuries.

Among the pupils of Xenophanes was Parmenides, who championed the idea that the earth is round; noting also that doubts exist as to whether he or Pythagoras originated this doctrine. 
It seems clear that for a long time the Italic School, to which both these philosophers belonged, had a monopoly of the belief in question. 
Parmenides, like Pythagoras, is credited with having believed in the motion of the earth, but of this there is not enough evidence.
He conceived the morning and the evening stars to be the same, a doctrine which, as we have seen, was ascribed also to Pythagoras.
The poem of Parmenides treats also of the origin of man. The author seems to have had a clear conception that intelligence depends on bodily organism, and that the more elaborately developed the organism the higher the intelligence.

EMPEDOCLES

The latest of the important pre-Socratic philosophers of the Italic school was Empedocles, who was born about 494 B.C. and lived to the age of sixty. These dates make Empedocles strictly contemporary with Anaxagoras.
Empedocles, the Sicilian, was of Doric origin. He lived about the middle of the fifth century B.C., when Athens had attained a position of chief glory among the Greek states; but there is no no evidence that Empedocles ever visited that city.
Empedocles is credited with noting that the pressure of air will sustain the weight of water in an inverted tube; with divining, without the possibility of proof, that light has actual motion in space; and with asserting that centrifugal motion must keep the heavens from falling. 
There are certain passages of Empedocles that are unequivocal and full of interest : the denial of anthropomorphism as applied to deity. His conception is paralleled by that of another physician, Alcmaeon, of Proton. A rationalistic or sceptical tendency has been the accompaniment of medical training in all ages.

He  also studied the vascular system.
"(the heart) lies in seas of blood which dart in opposite directions, and there most of all intelligence centres for men; for blood about the heart is intelligence in the case of man." All this implies a really remarkable appreciation of the dependence of vital activities upon the blood.

"Hair, and leaves, and thick feathers of birds, are the same thing in origin, and reptile scales too on strong limbs. But on hedgehogs sharp-pointed hair bristles on their backs."
We find the germ of the Lamarckian conception of evolution through the transmission of acquired characters in the assertion that "many characteristics appear in animals because it happened to be thus in their birth, as that they have such a spine because they happen to be descended from one that bent itself backward."
 Aristotle, in quoting this remark, asserts, with the dogmatism which characterizes the philosophical commentators of every age, that "Empedocles is wrong," in making this assertion.

Although on occasion, we are presented with grotesque ideas about creation, it must be admitted that the morphological ideas of Empedocles, give the Sicilian philosopher a place among the anticipators of the modern evolutionist.
CHAPTER VII. GREEK SCIENCE IN THE EARLY ATTIC PERIOD

The Greeks were a disorganized company of petty nations, welded together chiefly by unity of speech; but, early in the fifth century B.C., occurred that famous attack upon the Western world by the Persians under Darius and his son and successor Xerxes. A few months of battling determined the fate of the Western world. 
The Orientals were hurled back; the glorious memories of Marathon, Salamis, and Plataea stimulated the patriotism and enthusiasm of all children of the Greek race. 
Athen became the home of culture and the Mecca towards which all eyes turned.
Athens was the commercial center, and it became the center of culture and intellectual influence also. 
Whoever aspired to become a leader in politics, in art, in literature, or in philosophy, made his way to the capital, and so, with almost bewildering suddenness, blossomed the civilization of the age of Pericles; the civilization which produced Aeschylus, Sophocles, Euripides, Herodotus, and Thucydides; the civilization which made possible the building of the Parthenon.

ANAXAGORAS

Sometime during the early part of this golden age there came to Athens a middle-aged man from Clazomenae; he had likely been a pupil of Anaximenes. 
After his banishment he retired to Lampsacus. 
He was misunderstood, or underestimated, by Aristotle, and that costed him his place  in the history of thought.
Some fragments of writings of Anaxagoras have come down to us. We are told that he wrote only a single book. It was said even (by Diogenes Laertius) that he was the first man that ever wrote a work in prose.
[ Herodotus, "the father of prose," was slightly younger than the Clazomenaean philosopher ].
Following Diogenes, we shall find some remarkable scientific opinions ascribed to Anaxagoras. 
"He asserted," we are told, "that the sun was a mass of burning iron, greater than Peloponnesus, and that the moon contained houses and also hills and ravines."
Plato represents him as having conjectured the right explanation of the moon's light, and of the solar and lunar eclipses.
The Milky Way was a reflection of the light of the Sun by the Earth. 
The comets he considered to be a concourse of planets emitting rays, and the shooting- stars he thought were sparks leaping from the firmament."
To have predicated the sun as a great molten mass of iron was indeed a wonderful anticipation of the results of the modern spectroscope.
It was in all probability a scientific deduction from the observed meteoric stone fallen in Aegespotomi. Anaxagoras knew therefore that shooting-stars and meteors were the same. 
The fact that something which falls from heaven as a blazing light turns out to be an iron-like mass may very well have suggested that the other heavenly bodies have the same composition.
Hence his explanation of the origin of the heavenly bodies : since the heavenly bodies are of the same composition as the earth, and since they are observed to be whirling about the earth in space, may we not suppose that they were once a part of the earth itself, and that they have been thrown off by the force of a whirling motion? 
It was the first explanation of the cosmic bodies that could be called, in any sense, an anticipation of what the science of our own day accepts as a true explanation of cosmic origins.
The mere experiment of throwing a stone from a sling would, to an observing mind, be full of suggestiveness.
Extremely rapid motion, then, might project bodies from the earth's surface off into space; a sufficiently rapid whirl would keep them there. Anaxagoras conceived that this was precisely what had occurred. He went a step farther, by thinking that by a slackening of speed the heavenly bodies would lose their centrifugal force, and  would fall back to the earth, just as the great stone at Aegespotomi.
Before going too far, and talk of gravitational force, let us remember that  "He discovers who proves." Anaxagoras could not prove; his argument was suggestive, not demonstrative. 
Still his cosmogonic speculation remains as perhaps the most remarkable one of antiquity.
It is also generally admitted that it was he who first found out the explanation of the phases of the moon; a knowledge that that body shines only by reflected light.
That a body of the same structure as the earth should shine with the radiance of the moon by reflected sunlight is in itself a supposition seemingly contradicted by ordinary experience. As an explanation, Anaxagoras mentioned the  paradox that snow, being really composed of water, which is dark, is in reality black and not white.
The moon, then, is not merely a mass of earth, it is a spherical mass of earth. Here he passed from observation to explanation, without though expressing the idea of a spherical earth. 
We have seen that Pythagoras probably, and Parmenides surely, in Italy, had conceived the idea of the earth's rotundity, but the Pythagorean doctrines were not popular in the mother- country. 
Parmenides, it must be recalled, was a strict contemporary of Anaxagoras himself.
The theory that the stars in the Milky Way seem more numerous and brighter than those of any other part of the heavens, merely because the Milky Way marks the shadow of the earth was wrong; yet it contained a part truth, i.e. the idea that the Milky Way is made up of a multitude of stars.

"the father of meteorology,"
The man who had studied the meteorite of Egospotami, was, naturally, not oblivious to the other phenomena of the atmosphere. 
He is credited with explaining the winds as due to the rarefactions of the atmosphere produced by the sun. 
"Thunder," he is reputed to have said, "was produced by the collision of the clouds, and lightning by the rubbing together of the clouds." 
Little wonder that the thinker had met the wrath of the superstitious Athenians.

Biological Speculations
Anaxagoras explained an earthquake as being produced by the returning of air into the earth. Then he asserted that a certain amount of air is contained in water, and that fishes breathe this air.
"Democritus, of Abdera," says Aristotle, "and some others, seem to have supposed that all animals respire. But Anaxagoras and Diogenes (Apolloniates), who say that all animals respire, indeed, say that fishes, when they emit water through their gills, attract air from the mouth to the vacuum in the viscera from the water which surrounds the mouth; as if air was inherent in the water."
Aristotle makes the citation we have just quoted merely to add that "such things are impossible," on the base of metaphysical reasoning.
"Man is the most intelligent of animals because he has hands" ; an idea usually ascribed to Darwin.
"Plants are animals and feel pleasure and pain, inferring this because they shed their leaves and let them grow again."

Physical Speculations
Anaxagoras found some thinkable explanation of the character of matter itself. 
Snow is really water, and that water is dark; steam and snow can be changed back into water;  hence the idea that snow on the one hand, and vapor on the other, are of the same intimate substance as water.
The molecular structure, as we phrase it, i.e. the ultimate particle of which water is composed, is not changed
For him the unit particle of water constituted an elementary body, uncreated, unchangeable, indestructible. This particle, in association with like particles, constitutes the substance which we call water. Whatever the form of association, so Anaxagoras reasoned, the ultimate particle of water remains a particle of water still. And what was true of water was true also, of every other substance. Gold, silver, iron, earth, in short each and every one of all the different substances that we know, is made up of unit particles which maintain their integrity in whatever combination they may be associated. This implies, obviously, a multitude of primordial particles, each one having an individuality of its own; each one, uncreated, unchangeable, and indestructible.

The dense, the moist, the cold, the dark are contrasted with the rare, the warm, the dry, and bright; and the formation of stones is spoken of as a specific condensation due to the influence of cold. 
But this is not quite all. In addition to such diverse elementary particles as those of gold, water, and the rest, Anaxagoras conceived a species of particles differing from all the others, constituting a class by themselves; particles infinitely smaller than the others; particles that are described as infinite, self-powerful, mixed with nothing, but existing alone. 
The "infinite, self- powerful, and unmixed" particles constituting thus an ether-like plenum which permeates all material structures, and have also, in the mind of Anaxagoras, a function which carries them perhaps a stage beyond the province of the modern ether. They constitute, what Anaxagoras terms Noûs.
Again let Anaxagoras speak for himself: "Noûs is infinite, and self-powerful, and mixed with nothing, but it exists alone. For it is the most rarefied of all things and the purest, and it has all knowledge in regard to everything and the greatest power; over all that has life, Noûs rules. And nous ruled the rotation of the whole, so that it set it in rotation in the beginning. First it began the rotation from a small beginning, then more and more was included in the motion, and yet more will be included. It arranged that rotation, according to which now rotate stars and sun and moon and air and aether, now that they are separated. Rotation itself caused the separation, and the dense is separated from the rare, the warm from the cold, the bright from the dark, the dry from the moist. The rotation of the things that were moved and made distinct caused them to be yet more distinct."
Noûs itself is the equivalent of that universal energy of motion which science recognizes as operating between the particles of matter. 

All in all, then, Anaxagoras must stand as perhaps the most far-seeing scientific imagination of pre-Socratic antiquity.

LEUCIPPUS AND DEMOCRITUS

In the field of speculation as to the nature of matter, another scientific hypothesis followed those of Anaxagoras and was destined to gain even wider fame.
We mean, of course, the atomic theory of Leucippus and Democritus. This theory reduced all matter to primordial elements, called atoms, incapable of further division. These atoms, making up the entire material universe, are qualitatively identical, differing from one another only in size and perhaps in shape. The union of different-sized atoms in endless combinations produces the diverse substances with which our senses make us familiar.
Leucippus came to Abdera, in Thrace, and became the teacher of Democritus. This fable answers as well as another. We know that Democritus was born in Abdera, about the year 460 B.C. - just about the time when his great precursor, Anaxagoras, was migrating to Athens. 
He travelled for a time, perhaps in the East and in Egypt, until he settled down in Abdera. He was pre-eminently a dreamer and a writer. 
His theory of atoms made no very great impression upon his contemporaries. It found an expositor, a little later, in the philosopher Epicurus, and later still the poet Lucretius gave it popular expression. But it seemed scarcely more than the dream of a philosopher or the vagary of a poet until modern science began to penetrate the mysteries of matter.
When the researches of Dalton and his followers had placed the atomic theory as the foundation of modern chemistry, it appeared that away back in the fifth century B.C. a man had dreamed out a conception of the ultimate nature of matter which had waited all these centuries for corroboration.
Anaxagoras, too, conceived a primordial element, but he called it merely a seed or thing. Modern science adopted the word atom and gave it universal vogue. It owed a debt of gratitude to Democritus for supplying it the word.
The Daltonian atom though is not precisely comparable with the atom of Democritus, which was monistic; all atoms, according to this hypothesis, are of the same substance; one atom differs from another merely in size and shape, but not at all in quality. 
Whereas the Daltonian hypothesis conceived, and nearly all the experimental efforts of the nineteenth century seemed to prove, that there are numerous classes of atoms, each differing in its very essence from the others.
When experiment demonstrated that the Daltonian atom is a compound, and that there is but a single true atom, which, combining with its fellows perhaps in varying numbers and in different special relations, produces the Daltonian atoms, then the philosophical theory of monism will have the experimental warrant.
Anaxagoras explicitly conceived his elements as invisibly small, as infinite in number, and as made up of an indefinite number of kinds - one for each distinctive substance in the world. Precisely the same postulates are made of the atom of Democritus. These also are invisibly small; these also are infinite in number. "Primitive seeds," or "atoms," were alike conceived to be primordial, un- changeable, and indestructible. Wherein then lies the difference? Anaxagoras tells us nothing of his elements except that they differ from one another, Democritus postulates a difference in size, imagines some elements as heavier and some as lighter, and conceives even that the elements may be provided with projecting hooks, with the aid of which they link themselves one with another.
To have forecast even dimly this newest phase of chemical knowledge, across the abyss of centuries, is indeed a feat to put Democritus in the front rank of thinkers.
But the pre-vision of Democritus was but a slight elaboration of a theory which had its origin with another thinker. 
We shall recognize the founder of the atomic theory of matter in Anaxagoras; its expositors along slightly different lines in Leucippus and Democritus; its re-discoverer of the nineteenth century in Dalton. 
Anaxagoras was a sceptical, experimental scientist, gifted with prophetic imagination. He reasoned always from the particular to the general, after the manner of true induction, and he scarcely took a step beyond the confines of secure induction. True scientist that he was, he could content himself with postulating different qualities for his elements, without pretending to know how these qualities could be defined. His elements were by hypothesis invisible, hence he would not attempt to visualize them. Democritus, on the other hand, refused to recognize this barrier. Where he could not know, he still did not hesitate to guess. 
He conceived that the atmosphere about the atoms was full of invisible spirits; he accepted the current superstitions of his time. 
This tends to substantiate our conviction that Democritus must rank below Anaxagoras as a devotee of pure science.
But the essential fact for us is that here, in the fifth century before our era, we find put forward the most penetrating guess as to the constitution of matter that the history of ancient thought has to present to us.

HIPPOCRATES AND GREEK MEDICINE

The beginnings of scientific therapeutics.
Medicine among the early Greeks, before the time of Hippocrates, was a crude mixture of religion, necromancy, and mysticism. Temples were erected to the god of medicine, aesculapius, and sick persons made their way, or were carried, to these temples, where they sought to gain the favor of the god by suitable offerings, and learn the way to regain their health through remedies or methods revealed to them in dreams by the god. When the patient had been thus cured, he placed a tablet in the temple describing his sickness, and telling by what method the god had cured him. He again made suitable offerings at the temple.
The first Greek anatomist is said to have been Alcmaeon. He is said to have made extensive dissections of the lower animals, and to have described many hitherto unknown structures, such as the optic nerve and the Eustachian canal - the small tube leading into the throat from the ear. He is credited with many unique explanations of natural phenomena, such as, for example, the explanation that "hearing is produced by the hollow bone behind the ear; for all hollow things are sonorous." He was a rationalist, and he taught that the brain is the organ of mind. The sources of our information, however, are unreliable.
Democedes, who lived in the sixth century B.C., is the first physician of whom we have a trustworthy history. We learn from Herodotus that he came from Croton to Aegina, where, in recognition of his skill, he was appointed medical officer of the city. Then he was called to Athens at an increased salary. He was finally called to Samos by the tyrant Polycrates, who reigned there from about 536 to 522 B.C. But on the death of Polycrates, who was murdered by the Persians, Democedes became a slave. Shortly after his capture he was permitted to show his skill upon King Darius himself. 
Chageb of mission by Darius, once in  his native city of Croton he renounced his Persian mission, and became once more a free Greek.
The story of Democedes shows that paid city medical officers existed in Greece as early as the fifth and sixth centuries B.C. 
Even then there were dissident "schools" of medicine; and there were also specialists in certain diseases, quacks, and charlatans. 
But a rational system of medicine was not established, until Hippocrates of Cos, the "father of medicine". In an age that produced Phidias, Lysias, Herodotus, Sophocles, and Pericles, it seems but natural that the medical art should find an exponent who would rise above superstitious dogmas and lay the foundation for a medical science. 
He introduced more detailed observation of diseases, and demonstrated the importance that attaches to prognosis.
Hippocrates was born at Cos, about 460 B.C., but spent most of his life at Larissa, in Thessaly. He was educated as a physician by his father, and travelled extensively as an itinerant practitioner for several years. He was a practical physician as well as a theorist, and a clear and concise writer. 
Dissections of the human body were forbidden him, and he was obliged to confine his experimental researches to operations on the lower animals.
His most revolutionary step was his divorcing of the supernatural from the natural, and establishing the fact that disease is due to natural causes and should be treated accordingly. 
The effect of such an attitude was a close observation as to the course of diseases and the effects of treatment. He introduced the custom of writing down his observations as he made them - the "clinical history" of the case. Such clinical records are in use to-day, although they have fallen into disuse shortly after the time of Hippocrates, and brought into use after almost two thousand years.
Prognosis as he practised it and as we understand it to-day, is prophecy based on careful observation of the course of diseases - something more than superstitious conjecture.
Although Hippocratic medicine rested on the belief in natural causes, nevertheless, dogma and theory held an important place. The humoral theory of disease influenced the science of medicine all through succeeding centuries. According to this celebrated theory there are four humors in the body - blood, phlegm, yellow bile, and black bile. When these humors are mixed in exact proportions they constitute health; but any deviations from these proportions produce disease. In treating diseases the aim of the physician was to discover which of these humors were out of proportion and to restore them to their natural equilibrium. The methods employed in this restitution resulted in the various "schools" of medicine.
Hippocrates, it seems, like modern physicians, sometimes suffered from the ingratitude of his patients.But the "father of medicine" cautions physicians against allowing it to influence their attitude towards their profession.
CHAPTER VIII. POST-SOCRATIC SCIENCE AT ATHENS - PLATO, ARISTOTLE, AND THEOPHRASTUS

Anaximander and the Pythagoreans and Anaxagoras have propounded theories regarding the structure of the cosmos, the origin and development of animals and man, and the nature of matter itself.
In Attica, which was now, thanks to that outburst of Periclean culture, the center of the world's civilization, the trend of thought took another direction. The very year which saw the birth of Democritus at Abdera, and of Hippocrates, marked also the birth, at Athens, of another remarkable man, Socrates.
He gathered about him a company of remarkable men with Plato at their head.
For the historian of metaphysics, Socrates marks an epoch, but for the historian of science he is a much less consequential figure.
Similarly regarding Plato, the aristocratic Athenian. Some students of philosophy find in Plato "the greatest thinker and writer of all time." Plato's writings covered almost the entire field of thought.
But the great ethical teacher had no significant message to give the world regarding the physical sciences. He apparently had no sharply defined opinions as to the mechanism of the universe; no clear conception as to the origin or development of organic beings; no tangible ideas as to the problems of physics; no favorite dreams as to the nature of matter. Virtually his back was turned on this entire field of thought. He was under the sway of innate ideas.
He criticized Anaxagoras for having tended to deduce general laws from observation. For us, the highest possible praise. 
Plato seemed to realize the value of scientific investigation; but he would leave others do that.
Plato himself had traveled widely. He lived for years in Egypt, endeavoring there to penetrate the mysteries of Egyptian science.
The historian of science must recognize in the founder of the Academy a moral teacher and metaphysical dreamer and sociologist, but not, in the modern acceptance of the term, a scientist.
 
ARISTOTLE (384-322 B.C.)

When we pass to that third great Athenian teacher, Aristotle, the case is different. 
His name was to be received as almost a synonym for Greek science for more than a thousand years after his death. All through the Middle Ages his writings were to be accepted as virtually the last word regarding the problems of nature. His followers preferred his mandate to the testimony of their own senses. Further, modern science progressed somewhat in proportion as it overthrew the Aristotelian dogmas. a reversal of this judgment would be nearer the truth. 
But the traditions of seventeen or eighteen centuries are not easily set aside, and the name of Aristotle stands, even in our own time, as representative in the popular mind of all the highest and best in science of antiquity.
He must be credited, too, with a clear enunciation of one most important scientific doctrine, namely, the doctrine of the spherical figure of the earth. "The mathematicians who try to calculate the measure of the circumference, make it amount to four hundred thousand stadia; whence we collect that the earth is not only spherical, but is not large compared with the magnitude of the other stars."
He rejected the Pythagorean doctrine; worse, it was the adverse conviction of the Peripatetic philosopher which, more than any other single influence, tended to retard the progress of the true doctrine regarding the mechanism of the heavens. 
Since Aristotle rejected the doctrine of the earth's motion, that doctrine was doomed to sink out of view for more than a thousand years. That the great founder of the Peripatetic school was, on the whole, more instrumental in retarding the progress of astronomical science that any other one man that ever lived.
The field of science in which Aristotle was pre-eminently a pathfinder is zoology. His writings on natural history have largely been preserved, and they constitute by far the most important contribution to the subject that has come down to us from antiquity. They show us that Aristotle had gained possession of the widest range of facts regarding the animal kingdom, and had attempted to classify these facts. In so doing he became the founder of systematic zoology. Aristotle's classification of the animal kingdom was known and studied throughout the Middle Ages, and in fact remained in vogue until superseded by that of Cuvier in the nineteenth century.
At the very outset, his grand division of the animal kingdom into blood-bearing and bloodless animals implies a very broad and philosophical conception of the entire animal kingdom.
Aristotle's grand divisions correspond to the grand divisions of the Lamarckian system -vertebrates and invertebrates - which every one now accepts. 
Aristotle based his classification upon observation of the blood; Lamarck was guided by a study of the skeleton. 
Cuvier substituted for it his famous grouping into articulates, mollusks, and radiates; his grouping was in part superseded later in the nineteenth century.
What Aristotle did for the animal kingdom his pupil, Theophrastus, did in some measure for the vegetable kingdom. Theophrastus, however, was much less a classifier than his master, and his work on botany, called The Natural History of Development, pays comparatively slight attention to theoretical questions.The work of Theophrastus, is more nearly akin to the natural history of the famous Roman compiler, Pliny. It remained, however, throughout antiquity the most important work on its subject, and it entitles Theophrastus to be called the "father of botany." Theophrastus deals also with the mineral kingdom, and here again his work is the most notable that was produced in antiquity.

BOOK 1 CHAPTER IX.
GREEK SCIENCE OF THE ALEXAN-DRIAN OR HELLENISTIC PERIOD

When Aristotle and Theophrastus passed from the scene, Athens ceased to be in any sense the scientific centre of the world.
With almost cataclysmic suddenness, a new intellectual centre appeared on the south shore of the Mediterranean. This was the city of Alexandria, a city founded by Alexander the Great had during his brief visit to Egypt, and which became the capital of Ptolemy Soter at the dismembering of Alexander's empire. 
Ptolemy had come personally in contact with Babylonian civilization. In point of culture, Alexandria must be regarded as the successor of Babylon, scarcely less directly than of Greece.
Ptolemy erected a great museum and began collecting a library which at his death had collected no fewer than two hundred thousand manuscripts. 
He gathered also a company of great teachers and founded a school of science which, as has just been said, made Alexandria the culture-center of the world.
Such private citizens as Aristotle are known to have had libraries, but there were no great public collections of books in Athens, or in any other part of the Greek domain, until Ptolemy founded his famous library. As is well known, such libraries had existed in Babylonia for thousands of years. 
The marvelous conquering journey of Alexander had enormously widened the horizon of the Greeks.
It was natural, then, that geography and its parent science astronomy should occupy the attention of the best minds in this succeeding epoch. In point of fact, a company of star-gazers and earth-measurers came upon the scene in this third century B.C. 
Another field of interest was mechanics. 
The greatest thinkers had squarely faced about from the attitude of the mystical philosophers of the preceding century, and had set themselves the task of solving all the mechanical riddles of the universe. 
They no longer troubled themselves about problems of "being" and "becoming"; they gave but little heed to metaphysical subtleties.
Hence there arose a succession of great geometers and elaborators of theories of sidereal mechanics.
There are two other important centers; one in Sicily, the other in Asia Minor, notably on the island of Samos. 
Although all eyes turned towards Alexandria, quick  communication helped to diffuse the discoveries of one coterie to all the others. 
For example, the studies of Aristarchus of Samos were definitely known to Archimedes of Syracuse, out in Sicily.
We no longer, as in the day of the earlier schools of Greek philosophy, have isolated groups of thinkers. The scientific drama is now played out upon a wide stage.
Not merely in the third century B.C., but throughout the lapse of at least four succeeding centuries, the city of Alexander and the Ptolemies continued to hold its place as the undisputed culture-center of the world. During that period Rome rose to its maximum glory and began to decline, without ever challenging the intellectual supremacy of the Egyptian city. We shall see later that the Alexandrian influences were passed on to the Muslim conquerors, while Alexandria was finally replaced by another Greek city, Byzantium or Constantinople. 
The transfer occurred after a long period of supremacy of Alexandria as an intellectual center, comparable only to the city of Babylon.

EUCLID (ABOUT 300 B.C.)

We do not know just when Euclid died, but as he was at the height of his fame in the time of Ptolemy I, whose reign ended in the year 285 B.C.
A wonderful development of scientific activity began under the first Ptolemy. The earliest group of these new leaders in science had at its head a man whose name has been a household word ever since. This was Euclid, the father of systematic geometry.
His most important work has come down to us in its entirety. The Elements of Geometry, with which the name of Euclid is associated, presented the subject in so simple and logical a form that the work remained a textbook everywhere for more than two thousand years. Euclid's work, of course, gives expression to much knowledge that did not originate with him. We have already seen that several important propositions of geometry had been developed by Thales, and one by Pythagoras. How much Euclid added of his own investigations cannot be ascertained.
His answer to Ptolemy when that king asked whether the Elements might not be simplified is forever famous : "There is no royal road to geometry,".

HEROPHILUS AND ERASISTRATUS

Two anatomists, Herophilus and Erasistratus, became famous through the investigations they were permitted to make under the patronage of the enlightened Ptolemy. 
They were the first to discover that the nerve- trunks have their origin in the brain and spinal cord, and they are credited also with the discovery that these nerve-trunks are of two different kinds - one to convey motor, and the other sensory impulses. 
They discovered, described, and named the coverings of the brain. 
The name of Herophilus is still applied to one of the sinuses that convey the venous blood from the head. 
Herophilus also noticed and described four cavities or ventricles in the brain, and reached the conclusion that one of these ventricles was the seat of the soul. He made also a careful and fairly accurate study of the anatomy of the eye, and improved the old operation for cataract.
With the increased knowledge of anatomy came also corresponding advances in surgery.
Herophilus and Erasistratus drew some erroneous inferences as to the functions of the organs, and also disagreed radically as to these functions, and how diseases should be treated, even when agreeing perfectly on the subject of anatomy itself. 
Half a century after the time of Herophilus there appeared a Greek physician, Heraclides, whose reputation in the use of drugs far surpasses that of the anatomists of the Alexandrian school. 
Heraclides belonged to the "Empiric" school, which rejected anatomy as useless, and relied  entirely on the use of drugs.
 
ARCHIMEDES OF SYRACUSE AND THE FOUNDATION OF MECHANICS

Archimedes was born in the Greek colony of Syracuse, in Sicily, in the year 287 B.C. 
When he visited Alexandria he probably found Apollonius of Perga, the pupil of Euclid, at the head of the mathematical school there. Just how long Archimedes remained at Alexandria is not known. When he had completed his studies, he returned to Syracuse and spent his life there, under the patronage of King Hiero.

        Archimedes was primarily a mathematician, as appears from his study of geometrical problems. But King Hiero had discovered that his protege had wonderful mechanical ingenuity, and he made good use of this discovery.

The use of the mechanisms of Archimedes during the siege that the Roman general Marcellus laid to Syracuse, have come to us through the pages of Polybius and Plutarch (life of Marcellus). Otherwise, neither Polybius nor Plutarch or any other ancient writer mention the use of burning-glasses in connection with the siege of Syracuse.
After him, the  handicraft, or the art of engines, came to be separated from geometry, and was long time despised by the philosophers.
He most esteemed the demonstration of the proportion between the cylinder and the sphere contained in the same: he wished that after his death they would put a cylinder upon his tomb, containing a massy sphere, with an inscription of the proportion, which is 2 : 3.
Between the extant writings of Archimedes there is his treaty of hydrostatics.
It sounds : "First: The surface of every coherent liquid in a state of rest is spherical, and the centre of the sphere coincides with the centre of the earth. Second: A solid body which, bulk for bulk, is of the same weight as a liquid, if immersed in the liquid will sink so that the surface of the body is even with the surface of the liquid, but will not sink deeper. Third: Any solid body which is lighter, bulk for bulk, than a liquid, if placed in the liquid will sink so deep as to displace the mass of liquid equal in weight to another body. Fourth: If a body which is lighter than a liquid is forcibly immersed in the liquid, it will be pressed upward with a force corresponding to the weight of a like volume of water, less the weight of the body itself. Fifth: Solid bodies which, bulk for bulk, are heavier than a liquid, when immersed in the liquid sink to the bottom, but become in the liquid as much lighter as the weight of the displaced water itself differs from the weight of the solid."
The discovery of these propositions combined with that of the laws of statics (lever, pulley etc.), proves that Archimedes was the most inventive experimenter of antiquity.
Archimedes solved another problem in finding the size of a triangle which has equal area with a circle (which is a triangle having for its base the circumference of the circle and for its altitude the radius). 
Archimedes solved also the problem of the ratio of the diameter of the circle to its circumference; his answer being a close approximation to the familiar 3.1416, which every student will recall as the equivalent of pi.
Other of the studies of Archimedes have reference to conic sections, properties of curves and spirals, and the like.
He came to compute in great detail the number of grains of sand that would be required to cover the sphere of the sun's orbit, making certain hypothetical assumptions as to the size of the earth and the distance of the sun for the purposes of argument. There he develops a pre-formalism of exponential notation. 
For us, the paper has considerable interest because of its assumptions as to celestial mechanics. Archimedes starts out with the preliminary assumption that the circumference of the earth is less than three million stadia. He states that he takes this number because it is "ten times as large as the earth has been supposed to be by certain investigators." 
Continuing, Archimedes asserts that the sun is larger than the earth, and the earth larger than the moon. In this assumption, he says, he is following the opinion of the majority of astronomers. 
In the third place, Archimedes assumes that the diameter of the sun is not more than thirty times greater than that of the moon. Here he is probably basing his argument upon the measurements of Aristarchus. 
Aristarchus makes the diameter of the sun 1/170 of its orbit. Archimedes adds, however, that he himself has measured the angle and that it appears to him to be less than 1/164, and greater than 1/200 part of the orbit. That is to say, reduced to modern terminology, he places the limit of the sun's apparent size between thirty-three minutes and twenty-seven minutes of arc. As the real diameter is thirty-two minutes, this calculation is surprisingly exact. But the honor of first making it must be given to Aristarchus and not to Archimedes.
"It was known to me," says Archimedes, "that most astronomers understand by the expression 'world' (universe) a ball of which the centre is the middle point of the earth, and of which the radius is a straight line between the centre of the earth and the sun." Then he goes on to say: "Aristarchus of Samos seeks to establish the fact that the world is really very different from this. He holds the opinion that the fixed stars and the sun are immovable and that the earth revolves in a circular line about the sun, the sun being at the centre of this circle." This remarkable bit of testimony establishes beyond question the position of Aristarchus of Samos as the Copernicus of antiquity. 

ARISTARCHUS OF SAMOS, THE COPERNICUS OF ANTIQUITY

Aristarchus was a contemporary of Archimedes, but the exact dates of his life are not known. He made astronomical observations in Samos somewhat before the middle of the third century B.C.; in other words, just at the time when the activities of the Alexandrian school were at their height.
His work was well known to so distant a contemporary as Archimedes.
The testimony of Archimedes is unequivocal, and this testimony is supported by other rumors.
In contemplating this astronomer of Samos, then, we are in the presence of a man who had solved in its essentials the problem of the mechanism of the solar system. 
As we now see, the heliocentric doctrine, had been thought out and advocated as the correct theory of celestial mechanics by at least one worker of the third century B.C. Such idea, we may be sure, did spring into the mind of its originator as the culmination of a long series of observations and inferences. 
Already Pythagoras had conceived the earth in motion. 
The names of Philolaus and Heraclides have been linked with certain of these Pythagorean doctrines. Eudoxus, too, who, like the others, lived in Asia Minor in the fourth century B.C., was held to have made special studies of the heavenly spheres and perhaps to have taught that the earth moves. So, too, Nicetas. 
All along, from the time of the early Pythagoreans, there had been an undercurrent of opinion in the philosophical world which questioned the fixity of the earth; and the school of thinkers who tended to accept the revolutionary view was centred in Asia Minor,
It was not strange, then, Aristarchus be from Samos.
What, then, was the line of scientific induction that led Aristarchus to this wonderful goal? Aristarchus gained his evidence through some wonderful measurements. First, he measured the disks of the sun and the moon. This, of course, could in itself give him no clew to the distance of these bodies and to their relative size; in attempting to obtain such a clew he hit another simple experiment. It occurred to him that when the moon is precisely dichotomized - that is to say on half-moon, the line of vision from the earth to the moon must be at right angles with the line of light passing from the sun to the moon. 
This does not tell him the distance of the sun, but it gives the distance of the sun in terms of the moon's distance. 
As Aristarchus measures the angle, it shows that the sun is eighteen times as distant as the moon. Now, by comparing the apparent size of the sun with the apparent size of the moon - which Aristarchus had already measured - he is able to tell us that the sun is "more than 5832 times, and less than 8000" times larger than the moon;
These conclusions are demonstrations from the measurements involved, provided they have been correct. Unfortunately, the angle of the triangle we have just seen measured is exceedingly difficult to determine with accuracy, while it is so large an angle that a very slight deviation from the truth will greatly affect the distance at which its line joins the other side of the triangle. 
Aristarchus estimated the angle at eighty-seven degrees. He should have found it eighty-seven degrees and fifty-two minutes.
But his conclusion in general terms, was perfectly correct: the sun is many times more distant than the moon and vastly larger than that body. 
Granted, then, that the moon is less in size than the earth, the sun must be enormously larger than the earth; and thisconfirmed Aristarchus in the suspicion that the sun and not the earth is the centre of the planetary system. 
The remaining treatise by Aristarchus on the Size and Distance of the Sun and the Moon, is certainly one of the most remarkable scientific documents of antiquity. 
In a word, the paper of Aristarchus is a rigidly scientific document unvitiated by any theorizings that are not directly germane to its central theme.
The treatise opens with certain hypotheses as follows:
        "First. The moon receives its light from the sun.
        "Second. The earth may be considered as a point and as the centre of the orbit of the moon.
        "Third. When the moon appears to us dichotomized it offers to our view a great circle [or actual meridian] of its circumference which divides the illuminated part from the dark part.
        "Fourth. When the moon appears dichotomized its distance from the sun is less than a quarter of the circumference [of its orbit] by a thirtieth part of that quarter."
[In modern terminology, the moon at this time lacks three degrees (one thirtieth of ninety degrees) of being at right angles with the line of the sun as viewed from the earth].
        "Fifth. The diameter of the shadow [cast by the earth at the point where the moon's orbit cuts that shadow when the moon is eclipsed] is double the diameter of the moon."
       "Sixth. The arc subtended in the sky by the moon is a fifteenth part of a sign" of the zodiac; since there are twenty-four, signs in the zodiac, one-fifteenth of one twenty-fourth, is in modern terminology, one degree of arc. This is Aristarchus's measurement of the moon to which we have already referred when speaking of the measurements of Archimedes.

        "If we admit these six hypotheses," Aristarchus continues, "it follows that the sun is more than eighteen times more distant from the earth than is the moon, and that it is less than twenty times more distant, and that the diameter of the sun bears a corresponding relation to the diameter of the moon; which is proved by the position of the moon when dichotomized. But the ratio of the diameter of the sun to that of the earth is greater than nineteen to three and less than forty-three to six. This is demonstrated by the relation of the distances, by the position [of the moon] in relation to the earth's shadow, and by the fact that the arc subtended by the moon is a fifteenth part of a sign."
        Aristarchus follows with nineteen propositions about the geometrical problems related to the subject. 
And we may pass to the final conclusions of Aristarchus, as reached in his propositions ten to nineteen.
        Now, since (proposition ten) "the diameter of the sun is more than eighteen times and less than twenty times greater than that of the moon," it follows (proposition eleven) "that the bulk of the sun is to that of the moon in ratio, greater than 5832 to 1, and less than 8000 to 1."
        "Proposition sixteen. The diameter of the sun is to the diameter of the earth in greater proportion than nineteen to three, and less than forty-three to six.
        "Proposition seventeen. The bulk of the sun is to that of the earth in greater proportion than 6859 to 27, and less than 79,507 to 216.
        "Proposition eighteen. The diameter of the earth is to the diameter of the moon in greater proportion than 108 to 43 and less than 60 to 19.
        "Proposition nineteen. The bulk of the earth is to that of the moon in greater proportion than 1,259,712 to 79,507 and less than 20,000 to 6859."

Had Aristarchus known the size of any one of the bodies in question, he might readily, of course, have determined the size of the others by the mere application of his relative scale. Where Aristarchus halted, however, another worker of the same period took the task in hand and by a wonderful measurement determined the size of the earth. This worthy supplementor of the work of Aristarchus was Eratosthenes of Alexandria.



ERATOSTHENES, "THE SURVEYOR OF THE WORLD"

A remarkable man native of Cyrene, came to Alexandria from Athens to be the chief librarian of Ptolemy Euergetes. He was not merely an astronomer and a geographer, but a poet and grammarian as well.
Eratosthenes passed into history as the father of scientific geography and of scientific chronology; as the astronomer who first measured the obliquity of the ecliptic; and as the inventive genius who measured the size of our globe, at a time when only a relatively small portion of that globe's surface was known to civilized man.
Perhaps no man in any age has brought a better combination of observing and imaginative faculties to the aid of science.
Eratosthenes invented an important modification of the gnomon, which was elaborated afterwards by Hipparchus and called an armillary sphere.
He found that the distance between the tropics thus measured represented 47 degrees 42' 39" of arc. One-half of this, or 23 degrees 5,' 19.5", represented the obliquity of the ecliptic.
The same observation was made by Eudoxus, a full century earlier. But so little is known regarding the way in which Eudoxus reached his estimate that the measurement of Eratosthenes is usually considered the first effort of the kind.

For the measurement of the earth itself, he used nothing more than a tiny bit of Egyptian territory.
He assumed that the town of Syene lay directly south of Alexandria, i.e. on the same meridian of latitude. Further, he had learned that Syene lay directly under the tropic, since it was reported that at noon on the day of the summer solstice the gnomon there cast no shadow.
Third, the surveyors of Ptolemy, measured the distance between Syene and Alexandria as  5.000 stadia. projection of the radius of the earth passing through Alexandria. 
Fourth, Eratosthenes measured the angle of the shadow which his perpendicular gnomon at Alexandria cast at mid-day on the day of the solstice, when, as already noted, the sun was directly perpendicular at Syene. He found this angle to represent one-fiftieth of the circle. Five thousand stadia, then, represent one-fiftieth of the earth's circumference; the entire circumference being, therefore, 250,000 stadia. We do not know which one of the various measurements used in antiquity is represented by the stadia of Eratosthenes. 
A passage of Aristotle records that the size of the earth was said to be 400,000 stadia. His words imply that philosophers of his day had a tolerably precise idea of the globe. 
Aristotle died more than fifty years before Eratosthenes was born, but no hint or rumor has come down to us about the origin of this information. 
Right worthily, then, had the Alexandrian philosopher won his proud title of "surveyor of the world."

HIPPARCHUS, THE LOVER OF TRUTH

Eratosthenes left no immediate successor. 
A generation later, however, another great figure appeared in the astronomical world in the person of Hipparchus, born at Nicaea, in Bithynia, in the year 160 B.C. His life, too short, ended in the year 125 B.C. 
The observations of the great astronomer were made chiefly, perhaps entirely, at Rhodes. 
He was gifted for accurate observation rather than imagination; he didn't like to "guess".
He was not attracted by the heliocentric theory of Aristarchus. For him the world was central; his problem was to explain, if he could, the irregularities of motion which sun, moon, and planets showed in their seeming circuits about the earth. 
Hipparchus perfected the gnomon of Eratosthenes, to get the desired accuracy.
Perhaps his greatest feat was to demonstrate the eccentricity of the sun's seeming orbit. 
Equinoxes and solstices did not divide the year into four equal parts; he had to assume that the earth does not lie precisely at the centre of the sun's circular orbit or find some alternative hypothesis.
But it is not only the sun which was observed to vary in the speed of its orbital progress; the moon and the planets also show curious accelerations and retardations of motion. The moon in particular received most careful attention from Hipparchus.
He could find but one explanation of the anomalous motions, and this was to assume that the various heavenly bodies do not fly on in an unvarying arc in their circuit about the earth, but describe minor circles as they go. 
The idea of such an explanation did not originate with Hipparchus. The Pythagorean doctrine said that the earth revolves about a center that we cannot see. Eudoxus gave the conception greater tangibility, and may be considered as the father of this doctrine of wheels-epicycles. 
Two centuries before the time of Hipparchus he conceived a doctrine of spheres which Aristotle found most interesting. Callippus, the reformer of the calendar, is said to have carried an account of this theory to Aristotle. 
In the time of Callippus fifty-five of these spheres were computed.
Hipparchus went on to measure the precise length of the year and the apparent size of the moon's disk; he made a chart of the heavens showing the place of 1080 stars; and he should discovered the precession of the equinox.
The doctrines of Hipparchus, as promulgated by Ptolemy, became, the last word of astronomical science for both the Eastern and Western worlds for thousand years.
According to his measurement, the tropic year consists of 365 days, 5 hours, and 49 minutes, only 12 seconds from the true year. Hipparchus wanted to measure the actual distance of the moon, as Aristarchus had made before him. He reached the conclusion that the distance of the moon is equal to 59 radii of the earth (in reality it is 60.27 radii). He did not repeat the measure Aristarchus for the distance of the sun because of insufficient accuracy. 
A phenomenon that occurred in the year 134 B.C. led him to give more particular attention to the fixed stars. The phenomenon in question was the sudden outburst of a new star; a phenomenon which is sufficiently rare and sufficiently mysterious to have excited the unusual attention of astronomers in all generations. He was led to make a chart of the heavens, probably with the idea of guiding future observers in the observation of new stars. Here Hipparchus was not an innovator, since a chart showing the brightest stars had been made by Eratosthenes; but the new charts were much elaborated.
In studying the relative, Hipparchus compared his observations of the position of the stars with those of the Babylonians and of Aristarchus and others Greek precursors. 
The result of his comparisons proved that the sphere of the fixed stars had apparently shifted its position in reference to the plane of the sun's orbit. The plane of the ecliptic must therefore be conceived as slowly revolving in such a way as gradually to circumnavigate the heavens. This important phenomenon is described as the precession of the equinoxes.
Hipparchus invented the planosphere, an instrument for the representation of the mechanism of the heavens, and the method of trigonometry. All in all, then, Hipparchus is a most heroic figure. He is the "father of systematic astronomy."

CTESIBIUS AND HERO: MAGICIANS OF ALEXANDRIA

Just about the time when Hipparchus was working at Rhodes, there was a man in Alexandria who was exercising his inventive genius over mechanical problems; following the example set by Archimedes a century before, he was studying the problems of matter and putting his studies to practical application through the invention of weird devices. The man's name was Ctesibius. 
It appears that he had a pupil named Hero, who wrote a book through which the record of the master's inventions was preserved to posterity. Hero, indeed, wrote several books, though only one of them has been preserved. The ones that are lost bear the following suggestive titles: On the Construction of Slings; On the Construction of Missiles; On the Automaton; On the Method of Lifting Heavy Bodies; On the Dioptric or Spying-tube. The work that remains is called Pneumatics, and it makes us doubly regret the loss of its companion volumes. 
It is about certain that Ctesibius was the discoverer of the principle of the siphon, of the forcing-pump, and of a pneumatic organ. However Heron's discussion furnishes us almost our only knowledge as to the progress of Greek philosophers in the field of mechanics since the time of Archimedes.
"Every body," he tells us, "is composed of minute particles, between which are empty spaces less than these particles of the body. It is, therefore, erroneous to say that there is no vacuum except by the application of force, and that every space is full either of air or water or some other substance. 
Therefore there is no continuous vacuum, except by the application of some force [like suction], that is to say, an absolute vacuum is never found, except as it is produced artificially." "If there were no void places between the particles of water," he says, "the rays of light could not penetrate the water; moreover, another liquid, such as wine, could not spread itself through the water, as it is observed to do, were the particles of water absolutely continuous." The same is true of the argument drawn from the compressibility of gases. Hero knows that an inverted tube full of air may be immersed in water without becoming wet on the inside, proving that air is a physical substance; but he knows also that this same air may be caused to expand to a much greater bulk by the application of heat, or may, on the other hand, be condensed by pressure, in which case, as he is well aware, the air exerts force in the attempt to regain its normal bulk. 
Here, clearly enough, was the idea of the "atomic" nature of matter accepted as a fundamental notion.  We know that Empedocles studied the pressure of the air in the fifth century B.C., and discovered that it would support a column of water in a closed tube, so this phase of the subject is not new. Hero, however, has a clear understanding of the expansive properties of the air when compressed, or when heated. He has the clearest notions on the subject and puts them to the practical test of experiment and numerous mechanisms.

The action of the siphon, it may be added, is correctly explained by Hero as due to the greater weight of the water in the longer arm of the bent tube. The siphon is repeatedly used in these mechanisms of Hero. 
However, there was no advance made upon the steam motor of Hero for almost two thousand years. At best, knowledge of his toy may have given a clew to Watt or his predecessors.
CHAPTER X. SCIENCE OF THE ROMAN PERIOD

While Hipparchus of Rhodes was in his prime, Corinth, the last stronghold of the main-land of Greece, had fallen before the Roman, and the kingdom of the Ptolemies, though still nominally free, had begun to come within the sphere of Roman influence.
Meanwhile, in the West, Rome never became a true culture-center. The great genius of the Roman was political; the Augustan Age produced a few great historians and poets, but not a single great philosopher or creative devotee of science. Cicero, Lucian, Seneca, Marcus Aurelius, give us at best a reflection of Greek philosophy. Pliny, the famous name in the scientific annals of Rome, can claim no higher credit than that of a marvellously industrious collector of facts--the compiler of an encyclopaedia which contains not one creative touch.
Greek science dies with the lost Greek freedom.

        STRABO THE GEOGRAPHER

The most famous of ancient geographers was born in Amasia, Pontus, about 63 B.C., and lived to the year 24 A.D., living, therefore, in the age of Caesar and Augustus, during which the final transformation in the political position of the kingdom of Egypt was effected. The name strabismus, remains associated with a peculiar squint of the eyes.
The geography is a remarkable book; it contains a vast information of details, precise areas and distance, questions of geographical locations as to latitude and zones, and the like. For us, the value of the work is due to the criticisms and incidental historical or scientific references to his forerunners. 
Strabo appears as one who earnestly desires the truth, however, he appears as an investigator of details, not an original thinker. 
"We shall assume that the earth is spheroidal, and that bodies have a tendency towards its centre. "
As to the size of the globe, Strabo is disposed to accept without particular comment the measurements of Eratosthenes. He speaks, however, of "more recent measurements," referring to that adopted by Posidonius, according to which the circumference is only about one hundred and eighty thousand stadia. Posidonius was a contemporary and friend of Cicero, and hence lived shortly before the time of Strabo. His measurement of the earth was based on observations of a star which barely rose above the southern horizon at Rhodes as compared with the height of the same star when observed at Alexandria. This measurement of Posidonius, together with the more famous measurement of Eratosthenes, are the only references to the size of the earth throughout the later periods of antiquity and the Middle Ages.

Strabo shows a keener interest in the habitable portions of the globe than in the globe as a whole. He points out that whereas sailors have not circumnavigated the globe, they had not been prevented from doing so by any continent in the Atlantic Ocean. "This theory," he adds, "goes better with the ebb and flow of the ocean. Yet he refers  the tradition "concerning the island of Atlantis related by Solon, on the authority of the Egyptian priests.
The terrors of the great ocean held the mariner back, rather than any doubt as to where he would arrive at the end of the voyage.
Observations show that it is not possible to live in the region close to the equator, and that, on the other hand, the cold temperature sharply limits the habitability of the globe towards the north. Hence geographers came to think of the habitable globe as having the somewhat lenticular shape.
Strabo tells us of the zones, which, following Posidonius, he believes to have been first described by Parmenides; but Thales and Pythagoras had also divided the Earth into zones. Let us quote them:
        "Let the earth be supposed to consist of five zones. (1) The equatorial circle described around it. (2) Another parallel to this, and defining the frigid zone of the northern hemisphere. (3) A circle passing through the poles and cutting the two preceding circles at right- angles. The northern hemisphere contains two quarters of the earth, which are bounded by the equator and circle passing through the poles."
The south temperate zone would also present a habitable area, but this idea is suggested, but never distinctly expressed. 
Specific criticisms of Strabo upon various explorations include an alleged trip of one Eudoxus out into the Atlantic, and the journeyings of Pytheas in the far north. It is Pytheas, we may add, who was cited by Hipparchus as having made the mistaken observation that the length of the shadow of the gnomon is the same at Marseilles and Byzantium, hence that these two places are on the same parallel. Modern commentators have defended Pytheas as regards this observation, claiming that it was Hipparchus and not Pytheas who made the second observation from which the faulty induction was drawn. 

TWO FAMOUS EXPOSITORS - PLINY AND PTOLEMY

His name is more widely known in scientific annals than that of any other Latin writer - Plinius Secundus, usually called Pliny the Elder.
 His Natural History has been preserved almost entire. Its author was an industrious compiler, not a creative genius. Even more remarkable since Pliny was a man of affairs who occupied most of his life as a soldier fighting the battles of the empire. Yet he cites or quotes from about four thousand works, most of which are known to us only by his references. He lost his life on the occasion of that memorable eruption which buried the cities of Herculaneum and Pompeii.
He was no philosophical thinker, no generalizer, no path-maker in science. He piled up an immense mass of details into a kind of encyclopaedia. The descriptions of animals and plants predominate, but he shows no critical spirit., 
A single illustration.
        "It is asserted," he says, "that if the fish called a sea-star is smeared with the fox's blood and then nailed to the upper lintel of the door, or to the door itself, with a copper nail, no noxious spell will be able to obtain admittance, or, at all events, be productive of any ill effects."
The most famous scientist of Rome must be remembered as a popular writer rather than as an experimental worker.

PTOLEMY, THE LAST GREAT ASTRONOMER OF ANTIQUITY

 Little is known of Ptolemy's life, but his recorded observations extend to the year 151 A.D. He was a working astronomer, and he made at least one original discovery, namely, the observation of an unrecorded irregularity of the moon's motion, later called the moon's evection. This consists of periodical aberrations from the moon's regular motion in its orbit, which, as we now know, are due to the gravitation pull of the sun, but which remained unexplained until the time of Newton.
        His great works have to do with geography and astronomy. In geography, he makes an advance upon Strabo, citing the latitude of no fewer than five thousand places. In the field of astronomy, his great service was to have made known to the world the labors of Hipparchus. As a popular expounder his superiority is evidenced in the fact that the writings of Ptolemy became practically the sole astronomical text-book of the Middle Ages both in the East and in the West, while the writings of Hipparchus were allowed to perish.
        The most work of Ptolemy is famous under the Arabic name of Almagest.( Tabair al Magisthi). This word is from the Greek title , "the greatest construction". the book was published by the Arabs form the title, under which title in the year 827. 
Ptolemy's book is an elaboration of the doctrines of Hipparchus. It assumes that the earth is the fixed centre of the solar system, and that the stars and planets revolve about it in twenty-four hours, the earth being, of course, spherical.
The Almagest treats of all manner of astronomical problems, but the best known feature is that of the eccentrics and epicycles. It is considered as the theory of Ptolemy, although it is just an elaboration of the ideas of Hipparchus. 
With both Hipparchus and Ptolemy, the theory of epicycles was rather a working hypothesis than as a certainty, so far as the actuality of the minor spheres or epicycles is concerned. That is to say, these astronomers probably did not. Subsequent generations, however, conceived the various spheres as actual crystalline bodies. 
No real challenge was given that theory until the discovery that comets have an orbit that must necessarily intersect the spheres of the various planets.

Ptolemy's system of geography in eight books, founded on that of Marinus of Tyre, was celebrated throughout the Middle Ages, no less than the Almagest.
Ptolemy assumed that a degree at the equator was 500 stadia instead of 700 stadia in length. It has been suggested that the error was at least partially instrumental : "Taking the parallel of Rhodes," says Donaldson, "he calculated the longitudes from the Fortunate Islands to Cattigara or the west coast of Borneo at 180 degrees, conceiving this to be one-half the circumference of the globe. 
The real distance is only 125 degrees or 127 degrees, so that his measurement is wrong by one third of the whole, one-sixth for the error in the measurement of a degree and one-sixth for the errors in measuring the distance geometrically. These errors, owing to the authority attributed to the geography of Ptolemy in the Middle Ages, produced a consequence of the greatest importance. They really led to the discovery of America. 
For the design of Columbus to sail from the west of Europe to the east of Asia was founded on the supposition that the distance was less by one third than it really was." 
But there is nothing to suggest that the courage of Columbus would have balked at the greater distance, and since the protests of the sailors, were made long before the distance as estimated by Ptolemy had been covered.

GALEN - THE LAST GREAT ALEXANDRIAN

In the field of physiology and medicine we have to do with the last great scientist of the Alexandrian school: Claudius Galenus, commonly known as Galen, whose fame eclipsed that of all other physicians of antiquity except Hippocrates, and whose doctrines were studied throughout the Middle Ages. like the doctrines of Aristotle for physical science. 
The Romans had done little in the way of scientific discoveries in the field of medicine. The practising physicians in early Rome were mostly Greeks, who came to the capital after the overthrow of the Greeks by the Romans. 

In recognition of the services of physicians Julius Caesar granted citizenship to all physicians practicing in Rome. This was about fifty years before the Christian era.
Court physicians, and physicians-in-ordinary, were created by the emperors, as were also city and district physicians. In the year 133 A.D. Hadrian granted immunity from taxes and military service to physicians in recognition of their public services.

        The city and district physicians, known as the archiatri populaires, treated and cared for the poor without remuneration, having a position and salary fixed by law and paid them semi-annually. They were obliged to give instruction in medicine, without pay, to the poor students. They were allowed to receive fees and donations from their patients, but not until the danger from the malady was past. Special laws were enacted to protect them, and any person subjecting them to an insult was liable to a fine "not exceeding one thousand pounds."

From the time of the early Alexandrians, Herophilus and Erasistratus, the best-known names are those of Celsus, who continued the work of anatomical investigation, and Marinus, who lived during the reign of Nero, and Rufus of Ephesus. Probably they would have been better remembered had their efforts not been eclipsed by those of Galen. This greatest of ancient anatomists was born at Pergamus of Greek parents. His father, Nicon, was an architect and a man of considerable ability. Until his fifteenth year the youthful Galen was instructed at home, chiefly by his father.
Galen was a tireless worker, making long tours into Asia Minor and Palestine and studying anatomy for some time at Alexandria. 
By the time he had reached his twenty-eighth year he had perfected his education in medicine and returned to Pergamus. He was choosed as surgeon to the wounded gladiators shortly after his return to his native city. He had the advantage, however, of the anatomical works of Herophilus and Erasistratus.

He had a very erroneous conception of the circulation.
Although the functions of the organs in the chest were not well understood by Galen, he was well acquainted with their anatomy. He knew that the lungs were covered by thin membrane, and that the heart was surrounded by a sac of very similar tissue.
He had noted that the abdominal cavity was lined with a peculiar saclike membrane, the peritoneum, which also enveloped the liver in a peculiar manner. 

The Emperor Marcus Aurelius appointed him physician-inordinary to his son Commodus, and on special occasions Marcus Aurelius. 

He had a thourough knowledge of anatomy, but many of his deductions and theories as to the functions of organs, the cause of diseases, and his methods of treating them, were defective. His greatness must be judged in comparison with ancient, not with modern, scientists. He maintained that respiration and the pulse-beat had the same purpose - that of the reception of air into the arteries of the body. Breathing was  admitting air into the lungs, whence it found its way into the heart, and from there was distributed throughout the body by means of the arteries. The skin also played an important part in supplying the body with air.

        Modern anatomists know that the heart is divided into two approximately equal parts by an impermeable septum of tough fibres. Yet, Galen maintained that this septum was permeable, and that the air, entering one side of the heart from the lungs, passed through it into the opposite side and was then transferred to the arteries.

He had rightly pointed out that nerves were merely connections between the brain and spinal-cord and distant muscles and organs, and had recognized that there were two kinds of nerves, but his explanation of the action of these nerves was that "nervous spirits" were carried to the cavities of the brain by blood-vessels, and from there transmitted through the body along the nerve-trunks.

The greatness of Galen's teachings lay in his knowledge of anatomy of the organs; his weakness was in his interpretations of their functions. Unfortunately, succeeding generations of physicians for something like a thousand years rejected the former but clung to the latter.
CHAPTER XI. A RETROSPECTIVE GLANCE AT CLASSICAL SCIENCE

Greek science ended more or less together with the last Roman Empire of the West, the year 476 A.D. (a very loose cause-effect liason).

The span from Thales to Galen has compassed about eight hundred years--let us say thirty generations. Throughout this period there is scarcely a generation that has not produced great scientific thinkers.
The ensuing thirty generations produced scarcely a single scientific thinker of the first rank. Eight hundred years of intellectual activity - thirty generations of greatness; then eight hundred years of stasis - thirty generations of mediocrity; such seems to be the record as viewed in perspective. 

In the field of cosmology, Greek genius has demonstrated that the earth is spheroidal, that the moon is earthlike in structure and much smaller than our globe, and that the sun is vastly larger and many times more distant than the moon. The actual size of the earth and the angle of its axis with the ecliptic have been measured with approximate accuracy. It has been shown that the sun and moon present inequalities of motion which may be theoretically explained by supposing that the earth is not situated precisely at the centre of their orbits. A system of eccentrics and epicycles has been elaborated which serves to explain the apparent motions of the heavenly bodies in a manner that may be called scientific. 
The hypothesis which places the sun at the centre of the planetary system and postulates the orbital and axial motions of our earth in explanation of the motions of the heavenly bodies, has been put forward but, unfortunately, not widely accepted.
Moreover, such observations as the precession of the equinoxes and the moon's evection.

In the physical sciences we have seen at least the beginnings of great things. Dynamics and hydrostatics may now, for the first time, claim a place among the sciences. Geometry has been perfected and trigonometry has made a sure beginning. The conception that there are four elementary substances, earth, water, air, and fire, may not appear a secure foundation for chemistry, yet it marks at least an attempt in the right direction. Similarly, the conception that all matter is made up of indivisible particles and that these have adjusted themselves and are perhaps held in place by a whirling motion, while it is scarcely more than a scientific dream, is, after all, a dream of marvellous insight.

In the field of biological science progress has not been so marked, yet the elaborate garnering of facts regarding anatomy, physiology, and the zoological sciences is at least a valuable preparation for the generalizations of a later time.

We are speaking of Greeks, or, as they call themselves, Hellenes, and we mean by these words the people the little Greek peninsula.
Yet, most of the great Greek thinkers did not live in Greece itself. 
In Asia Minor, 
were born such men as Thales, Anaximander, Anaximenes, Heraclitus, Pythagoras, Anaxagoras, Socrates, Aristarchus, Hipparchus, Eudoxus, Philolaus, and Galen. From the northern shores of the aegean came Lucippus, Democritus, and Aristotle. 
In Italy, 
off to the west, is the home of Pythagoras and Xenophanes in their later years, and of Parmenides and Empedocles, Zeno, and Archimedes. 


Northern Africa,
can claim by birth or by adoption such names as Euclid, Apollonius of Perga, Herophilus, Erasistratus, Aristippus, Eratosthenes, Ctesibius, Hero, Strabo, and Ptolemy. 

In fact, of of all the great thinkers one, and one only, was born in Greece proper; that one was Plato, perhaps the greatest of them all. 
History shows therefore that racial and cultural mingling are the best stimulus to intellectual progress.

False inductions or pseudoscience lead everywhere to superstition. In dealing with Greek science, we have largely ignored this subject. 
We saw that "the father of medicine," Hippocrates, banished demonology and conceived disease as due to natural causes. 
The entire school of Alexandrians must have been relatively free from superstition. At a slightly later day the sophists challenged all knowledge, and Pyrrhonism became a synonym for scepticism.


NOTES - PREHISTORY

Mortillet divides the prehistoric period into four epochs. 
The first is the preglacial, which he estimates at 78.000 years; the second is the glacial, covering 100.000 years; then follows the Solutreen, 11.000 years; and, finally, the Magdalenien, 33.000 years. This gives, for the prehistoric period proper, 220.000 years. Add to this perhaps 12.000 preceding the civilization of Egypt, and the 6.000 years of stable, sure chronology of the historical period, and we have something like 230.000 - 240.000 years as the age of man.

According to this estimate, that about a quarter of a million years have elapsed since man evolved to a state that could be called human. This guess is as good as another.

