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A History of Science

A H STORY OF SClI ENCE

BOOXK |

Shoul d the story that is about to be unfol ded be found to | ack
interest, the witers nust stand convicted of unpardonable | ack
of art. Nothing but dulness in the telling could mar the story,
for initself it is the record of the growh of those ideas that
have made our race and its civilization what they are; of ideas
instinct with human interest, vital with nmeaning for our race;
fundamental in their influence on human devel opnment; part and
parcel of the nmechani sm of human thought on the one hand, and of
practical civilization on the other. Such a phrase as
"fundanment al principles" may seemat first thought a hard saying,
but the idea it inplies is less repellent than the phrase itself,
for the fundamental principles in question are so closely |inked
with the present interests of every one of us that they lie
within the grasp of every average man and wonan--nay, of every
wel | - devel oped boy and girl. These principles are not nerely the
st eppi ng-stones to culture, the prerequisites of know edge--they
are, in thenselves, an essential part of the know edge of every

cultivated person.

It is our task, not merely to show what these principles are, but
to point out how they have been di scovered by our predecessors.
We shall trace the gromh of these ideas fromtheir first vague
begi nni ngs. We shall see how vagueness of thought gave way to
preci sion; how a general truth, once grasped and fornul ated, was

found to be a stepping-stone to other truths. W shall see that

Get any book for free on: www.Abika.com



A History of Science

there are no isolated facts, no isolated principles, in nature;
that each part of our story is linked by indissoluble bands with
that which goes before, and with that which cones after. For the
nost part the discovery of this principle or that in a given
sequence is no accident. Galileo and Keppler nust precede Newton
Cuvi er and Lyall must cone before Darw n;--Wich, after all, is
no nore than saying that in our Tenple of Science, as in any

ot her piece of architecture, the foundation nust precede the

superstructure.

We shall best understand our story of the growh of science if we
think of each new principle as a stepping-stone which nust fit
intoits own particular niche; and if we reflect that the entire
structure of nodern civilization would be different fromwhat it
is, and less perfect than it is, had not that particular

st eppi ng- stone been found and shaped and placed in position

Taken as a whol e, our stepping-stones |ead us up and up towards
the alluring heights of an acropolis of know edge, on which
stands the Tenple of Mddern Science. The story of the building of

this wonderful structure is in itself fascinating and beauti ful

. PREHI STORI C SCI ENCE

To speak of a prehistoric science nmay seem|like a contradiction

of terms. The word prehistoric seens to inply barbarism while

sci ence, clearly enough, seenms the outgrowth of civilization; but
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rightly considered, there is no contradiction. For, on the one
hand, man had ceased to be a barbarian | ong before the beginning
of what we call the historical period; and, on the other hand,
science, of a kind, is no |less a precursor and a cause of
civilization than it is a consequent. To get this clearly in

m nd, we nust ask ourselves: What, then, is science? The word
runs glibly enough upon the tongue of our every-day speech, but
it is not often, perhaps, that they who use it habitually ask
thensel ves just what it neans. Yet the answer is not difficult. A
little attention will show that science, as the word is comonly
used, inplies these things: first, the gathering of know edge

t hrough observation; second, the classification of such

know edge, and through this classification, the el aboration of
general ideas or principles. In the famliar definition of

Her bert Spencer, science is organi zed know edge.

Now it is patent enough, at first glance, that the veriest savage
nmust have been an observer of the phenonena of nature. But it may
not be so obvious that he nust al so have been a classifier of his
observations--an organi zer of know edge. Yet the nore we consider
the case, the nore clear it will becone that the two nethods are
too closely |inked together to be dissevered. To observe outside
phenonena is not nore inherent in the nature of the mind than to
draw i nferences fromthese phenonena. A deer passing through the
forest scents the ground and detects a certain odor. A sequence
of ideas is generated in the mnd of the deer. Nothing in the
deer's experience can produce that odor but a wolf; therefore the
scientific inference is drawn that wol ves have passed that way.

But it is a part of the deer's scientific know edge, based on

Get any book for free on: www.Abika.com



A History of Science

previ ous experience, individual and racial; that wolves are
danger ous beasts, and so, conbining direct observation in the
present with the application of a general principle based on past
experience, the deer reaches the very |l ogical conclusion that it
may w sely turn about and run in another direction. Al this
inmplies, essentially, a conprehension and use of scientific
principles; and, strange as it seens to speak of a deer as
possessing scientific know edge, yet there is really no absurdity
in the statement. The deer does possess scientific know edge;
know edge differing in degree only, not in kind, fromthe

know edge of a Newton. Nor is the animal, within the range of its
intelligence, less logical, less scientific in the application of
that knowl edge, than is the man. The aninmal that could not neke
accurate scientific observations of its surroundi ngs, and deduce
accurate scientific conclusions fromthem would soon pay the

penalty of its lack of logic.

What is true of man's precursors in the aninmal scale is, of
course, true in a wider and fuller sense of man hinself at the
very | owest stage of his devel opnment. Ages before the time which
the limtations of our know edge force us to speak of as the dawn
of history, man had reached a high stage of devel opnent. As a
soci al being, he had developed all the elenments of a primtive
civilization. If, for convenience of classification, we speak of
his state as savage, or barbaric, we use terns which, after all
are relative, and which do not shut off our prinitive ancestors
froma tolerably close association with our own ideals. W know

that, even in the Stone Age, man had | earned how to donesticate
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ani mal s and make themuseful to him and that he had al so | earned
to cultivate the soil. Later on, doubtless by slow and painfu
stages, he attained those wonderful elenents of know edge that
enabled himto snelt netals and to produce inplenents of bronze,
and then of iron. Even in the Stone Age he was a nechanic of
marvel | ous skill, as any one of to-day may satisfy hinmself by
attenpting to duplicate such an inplenent as a chipped

arrow head. And a barbarian who could fashion an axe or a knife
of bronze had certainly gone far in his know edge of scientific
principles and their practical application. The practica
application was, doubtless, the only thought that our primtive
ancestor had in mnd; quite probably the question as to
principles that m ght be involved troubled himnot at all. Yet,
in spite of hinself, he knew certain rudinmentary principles of

sci ence, even though he did not fornulate them

Let us inquire what some of these principles are. Such an inquiry
will, as it were, clear the ground for our structure of science
It will show the plane of know edge on which historica

i nvestigation begins. Incidentally, perhaps, it will reveal to us
unsuspected affinities between ourselves and our renote ancestor
Wt hout attenpting anything like a full analysis, we may note in
passi ng, not nerely what primtive man knew, but what he did not
know, that at |east a vague notion may be gained of the field for

scientific research that |ay open for historic man to cultivate.

It nmust be understood that the know edge of primitive nan, as we

are about to outline it, is inferential. W cannot trace the
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devel opnent of these principles, much | ess can we say who

di scovered them Sone of them as already suggested, are man's
heritage from non-human ancestors. Ot hers can only have been
grasped by himafter he had reached a relatively high stage of
human devel opnent. But all the principles here listed nmust surely
have been parts of our primtive ancestor's know edge before
those earliest days of Egyptian and Babyl onian civilization, the
records of which constitute our first introduction to the
so-cal l ed historical period. Taken sonewhat in the order of their
probabl e di scovery, the scientific ideas of primtive man may be

roughly listed as foll ows:

1. Primtive man nust have conceived that the earth is flat and
of limtless extent. By this it is not neant to inply that he had
a distinct conception of infinity, but, for that matter, it
cannot be said that any one to-day has a conception of infinity
that could be called definite. But, reasoning from experience and
the reports of travellers, there was nothing to suggest to early
man the limt of the earth. He did, indeed, find in his

wanderi ngs, that changed climtic conditions barred himfrom
farther progress; but beyond the farthest reaches of his

m grations, the seenmingly flat |and-surfaces and water-surfaces
stretched away unbroken and, to all appearances, w thout end. It
woul d require a reach of the phil osophical imagination to
conceive a limt to the earth, and while such i magi ni ngs nay have
been current in the prehistoric period, we can have no proof of
them and we may wel |l postpone consideration of man's early

dream ngs as to the shape of the earth until we enter the
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hi stori cal epoch where we stand on firm ground.

2. Primtive man nmust, froma very early period, have observed
that the sun gives heat and |light, and that the nobon and stars
seemto give light only and no heat. It required but a slight
extension of this observation to note that the changi ng phases of
t he seasons were associated with the seem ng approach and
recessi on of the sun. This observation, however, could not have
been made until man had mgrated fromthe tropical regions, and
had reached a stage of nechanical devel opnent enabling himto
live in subtropical or tenperate zones. Even then it is
conceivable that a | ong period nust have el apsed before a direct
causal relation was felt to exist between the shifting of the sun
and the shifting of the seasons; because, as every one knows, the
peri ods of greatest heat in sumrer and greatest cold in wnter
usual |y cone sonme weeks after the time of the solstices. Yet, the
fact that these extrenes of tenperature are associated in sone
way with the change of the sun's place in the heavens nust, in
time, have inpressed itself upon even a rudinmentary intelligence.
It is hardly necessary to add that this is not meant to inply any
definite know edge of the real neaning of, the seening
oscillations of the sun. We shall see that, even at a relatively
| ate period, the vaguest notions were still in vogue as to the

cause of the sun's changes of position

That the sun, noon, and stars nove across the heavens nust
obvi ously have been anong the earliest scientific observations.
It must not be inferred, however, that this observation inplied a

necessary conception of the conplete revolution of these bodies
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about the earth. It is unnecessary to specul ate here as to how
the primtive intelligence conceived the transfer of the sun from
the western to the eastern horizon, to be effected each night,

for we shall have occasion to exam ne sone historica

specul ations regarding this phenonenon. W nmay assume, however,
that the idea of the transfer of the heavenly bodi es beneath the
earth (whatever the conception as to the formof that body) nust

early have presented itself.

It required a relatively high devel opnment of the observing
faculties, yet a devel opnent which man nust have attai ned ages
before the historical period, to note that the noon has a
secondary notion, which leads it to shift its relative position
in the heavens, as regards the stars; that the stars thensel ves,
on the other hand, keep a fixed relation as regards one anot her
with the notable exception of two or three of the nost brilliant
menbers of the galaxy, the latter being the bodies which cane to
be known finally as planets, or wandering stars. The wandering
propensities of such brilliant bodies as Jupiter and Venus cannot
wel | have escaped detection. We may safely assume, however, that
t hese anonmml ous notions of the nobon and planets found no

expl anation that could be called scientific until a relatively

| at e peri od.

3. Turning fromthe heavens to the earth, and ignoring such
primtive observations as that of the distinction between |and
and water, we may note that there was one great scientific |aw

whi ch nust have forced itself upon the attention of primtive
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man. This is the |aw of universal terrestrial gravitation. The
word gravitation suggests the name of Newton, and it may excite
surprise to hear a know edge of gravitation ascribed to nen who
preceded that phil osopher by, say, twenty-five or fifty thousand
years. Yet the slightest consideration of the facts will make it
clear that the great central law that all heavy bodies fal
directly towards the earth, cannot have escaped the attention of
the nost primtive intelligence. The arboreal habits of our
primtive ancestors gave opportunities for constant observation
of the practicalities of this law. And, so soon as man had

devel oped the nmental capacity to fornulate i deas, one of the
earliest ideas nust have been the conception, however vaguely
phrased in words, that all unsupported bodies fall towards the
earth. The sanme phenonenon bei ng observed to operate on

wat er - surfaces, and no alteration being observed in its operation
in different portions of man's habitat, the nost prinmtive
wander er must have cone to have full faith in the universa

action of the observed | aw of gravitation. Indeed, it is

i nconcei vabl e that he can have i magi ned a place on the earth
where this | aw does not operate. On the other hand, of course, he
never grasped the conception of the operation of this |aw beyond
the close proximty of the earth. To extend the reach of
gravitation out to the noon and to the stars, including within
its compass every particle of matter in the universe, was the
wor k of Newton, as we shall see in due course. Meantinme we shal
better understand that work if we recall that the mere | ocal fact
of terrestrial gravitation has been the familiar know edge of al
generations of nen. It may further help to connect us in synpathy

wi th our primeval ancestor if we recall that in the attenpt to
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explain this fact of terrestrial gravitation Newton nade no
advance, and we of to-day are scarcely nore enlightened than the
man of the Stone Age. Like the man of the Stone Age, we know t hat
an arrow shot into the sky falls back to the earth. W can

cal cul ate, as he could not do, the arc it will describe and the
exact speed of its fall; but as to why it returns to earth at
all, the greatest philosopher of to-day is alnpbst as nuch in the
dark as was the first primtive bowman that ever nade the

experi ment.

O her physical facts going to make up an el enentary science of
mechani cs, that were denonstratively known to prehistoric nan,
were such as these: the rigidity of solids and the nmobility of
liquids; the fact that changes of tenperature transformsolids to
liquids and vice versa--that heat, for exanple, nelts copper and
even iron, and that cold congeals water; and the fact that
friction, as illustrated in the rubbing together of two sticks,
may produce heat enough to cause a fire. The rationale of this

| ast experiment did not receive an explanation until about the
begi nning of the nineteenth century of our own era. But the
experinmental fact was so well known to prehistoric nman that he
enpl oyed this nmethod, as various savage tribes enploy it to this
day, for the altogether practical purpose of making a fire; just
as he enployed his practical know edge of the mutability of
solids and liquids in snelting ores, in alloying copper with tin
to make bronze, and in casting this alloy in nolds to nake
various inplenments and weapons. Here, then, were the gernms of an

el enentary science of physics. Meanwhil e such observations as
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that of the solution of salt in water nay be considered as giving
a first lesson in chem stry, but beyond such al together

rudi mentary conceptions chem cal know edge coul d not have
gone--unl ess, indeed, the practical observation of the effects of
fire be included; nor can this well be overl ooked, since scarcely
anot her single line of practical observation had a nore direct

i nfluence in pronoting the progress of man towards the hei ghts of

civilization.

4. In the field of what we now speak of as biol ogi cal know edge,
primtive man had obviously the w dest opportunity for practica
observation. W can hardly doubt that man attai ned, at an early
day, to that conception of identity and of difference which Plato
pl aces at the head of his netaphysical system W shall urge
presently that it is precisely such general ideas as these that
were man's earliest inductions from observation, and hence that
cane to seemthe nost universal and "innate" ideas of his
mentality. It is quite inconceivable, for exanple, that even the
nost rudi nentary intelligence that could be called human coul d
fail to discrimnate between living things and, |let us say, the
rocks of the earth. The npbst primtive intelligence, then, nust
have made a tacit classification of the natural objects about it
into the grand divisions of animate and i nani mate nature.
Doubt | ess the nascent scientist may have imagined |ife animating
many bodi es that we should call inanimte--such as the sun
wandering planets, the winds, and lightning; and, on the other
hand, he may quite |likely have rel egated such objects as trees to
t he ranks of the non-living; but that he recognized a fundanenta

di stinction between, let us say, a wlf and a granite bow der we
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cannot well doubt. A step beyond this--a step, however, that may
have required centuries or millenniunms in the taking--must have
carried man to a plane of intelligence fromwhich a printive
Aristotle or Linnaeus was enabled to note differences and

resembl ances connoting such groups of things as fishes, birds,
and furry beasts. This conception, to be sure, is an abstraction
of a relatively high order. We know that there are savage races

t o-day whose | anguage contains no word for such an abstraction as
bird or tree. We are bound to believe, then, that there were | ong
ages of human progress during which the highest man had attai ned
no such stage of abstraction; but, on the other hand, it is
equally little in question that this degree of nental devel opnent
had been attained |ong before the opening of our historica
period. The prineval man, then, whose scientific know edge we are
attenpting to predicate, had becone, through his conception of
fishes, birds, and hairy animals as separate classes, a

scientific zoologist of relatively high attainnents.

In the practical field of medical know edge, a certain stage of
devel opnent nust have been reached at a very early day. Even

ani mal s pick and choose anong t he veget abl es about them and at
times seek out certain herbs quite different fromtheir ordinary
food, practising a sort of instinctive therapeutics. The cat's
fondness for catnip is a case in point. The nost primtive man,
then, nust have inherited a racial or instinctive know edge of
the nedicinal effects of certain herbs; in particular he nust
have had such el enentary know edge of toxicology as woul d enable

himto avoid eating certain poisonous berries. Perhaps, indeed,
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we are placing the effect before the cause to sone extent; for
after all, the animl system possesses marvell ous powers of
adaption, and there is perhaps hardly any poi sonous vegetabl e

whi ch man mi ght not have |learned to eat wi thout deleterious

ef fect, provided the experinment were nmade gradually. To a certain
extent, then, the observed poisonous effects of numerous plants
upon the human system are to be explained by the fact that our
ancestors have avoided this particular vegetable. Certain fruits
and berries mght have cone to have been a part of man's diet,
had they grown in the regions he inhabited at an early day, which
now are poi sonous to his system This thought, however, carries
us too far afield. For practical purposes, it suffices that
certain roots, |leaves, and fruits possess principles that are

poi sonous to the human system and that unless man had | earned in
some way to avoid these, our race nmust have conme to disaster. In
point of fact, he did learn to avoid them and such evidence

i mplied, as has been said, an el ementary know edge of toxicol ogy.

Coupled with this know edge of things dangerous to the human
system there nust have grown up, at a very early day, a belief
in the renedial character of various vegetables as agents to
conbat di sease. Here, of course, was a rudi nentary therapeutics,
a crude principle of an enpirical art of nedicine. As just
suggested, the lower order of aninmals have an instinctive

know edge that enables themto seek out remedi al herbs (though we
probably exaggerate the extent of this instinctive know edge);
and if this be true, man nust have inherited from his prehuman
ancestors this instinct along with the others. That he extended

this knowl edge through observation and practice, and came early
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to make extensive use of drugs in the treatnment of disease, is
pl aced beyond cavil through the observation of the various

exi sting barbaric tribes, nearly all of whom practice el aborate
systenms of therapeutics. W shall have occasion to see that even
within historic times the particular therapeutic nmeasures

enpl oyed were often crude, and, as we are accustomed to say,
unscientific; but even the crudest of themare really based upon
scientific principles, inasnuch as their application inplies the
deduction of principles of action from previous observati ons.
Certain drugs are applied to appease certain synptons of di sease
because in the belief of the nmedicine-man such drugs have proved

beneficial in previous simlar cases.

All this, however, inplies an appreciation of the fact that man
is subject to "natural" diseases, and that if these diseases are
not conbated, death may result. But it should be understood that
the earliest man probably had no such conception as this.
Throughout all the ages of early devel opnent, what we cal
"natural " disease and "natural" death nmeant the onslaught of a
tangi bl e eneny. A study of this question |eads us to sonme very
curious inferences. The nore we |look into the matter the nore the
t hought forces itself honme to us that the idea of natural death,
as we now conceive it, came to prinmitive man as a relatively late
scientific induction. This thought seens al nost startling, so

axi omatic has the conception "nman is nortal" cone to appear. Yet
a study of the ideas of existing savages, conmbined with our

know edge of the point of view from which historical peoples

regard di sease, nmeke it nore probable that the prinmtive
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conception of human life did not include the idea of necessary
death. We are told that the Australian savage who falls froma
tree and breaks his neck is not regarded as having net a natura
deat h, but as having been the victimof the mmgical practices of
t he "medi ci ne-man" of some neighboring tribe. Simlarly, we shal
find that the Egyptian and the Babyl onian of the early historica
period conceived illness as being alnost invariably the result of
the machi nati ons of an enenmy. One need but recall the
superstitious observances of the Mddle Ages, and the yet nore
recent belief in witchcraft, to realize how generally disease has
been personified as a malicious agent invoked by an unfriendly

m nd. | ndeed, the phraseol ogy of our present-day speech is stil
rem ni scent of this; as when, for exanple, we speak of an "attack
of fever," and the like.

When, followi ng out this idea, we picture to ourselves the
conditions under which primtive man lived, it will be evident at
once how relatively infrequent nust have been his observation of
what we usually term natural death. His world was a world of
strife; he lived by the chase; he saw animals kill one anot her

he witnessed the death of his own fellows at the hands of

enem es. Naturally enough, then, when a nmenber of his famly was
"struck down" by invisible agents, he ascribed this death also to
vi ol ence, even though the offensive agent was conceal ed.

Moreover, having very little idea of the |apse of tine--being

qui te unaccustoned, that is, to reckon events fromany fixed
era--primtive man cannot have gained at once a clear conception
of age as applied to his fellows. Until a relatively |late stage

of devel opment made tribal life possible, it cannot have been
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usual for man to have know edge of his grandparents; as a rule he
did not know his own parents after he had passed the adol escent
stage and had been turned out upon the world to care for hinself.
If, then, certain of his fell ow beings showed those evi dences of
infirmty which we ascribe to age, it did not necessarily follow
t hat he saw any associ ati on between such infirnmties and the

I ength of tinme which those persons had lived. The very fact that
some barbaric nations retain the customof killing the aged and
infirm in itself suggests the possibility that this custom arose
before a clear conception had been attained that such drags upon
the community woul d be renoved presently in the natural order of
things. To a person who had no clear conception of the | apse of
time and no preconception as to the limted period of man's life,
the infirmties of age m ght very naturally be ascribed to the
repeated attacks of those inimcal powers which were understood
sooner or later to carry off nobst menbers of the race. And
coupled with this thought would go the conception that inasnuch
as sone people through |Iuck had escaped the vengeance of al

their enem es for |ong periods, these same individuals mn ght
continue to escape for indefinite periods of the future. There
were no witten records to tell prineval man of events of |ong
ago. He lived in the present, and his sweep of ideas scarcely
carried himback beyond the Iimts of his individual nmenory. But
menory is observed to be fallacious. It nust early have been
noted that sone people recalled events which other participants
in themhad quite forgotten, and it may readily enough have been
inferred that those nmenbers of the tri be who spoke of events

whi ch others could not recall were nerely the ones who were
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gifted with the best menories. If these reached a period when
their nmenories becane vague, it did not follow that their
recol |l ections had carried them back to the beginnings of their
lives. Indeed, it is contrary to all experience to believe that
any man renenbers all the things he has once known, and the
observed fall aci ousness and evanescence of nenory would thus tend
to substantiate rather than to controvert the idea that various

menbers of a tribe had been alive for an indefinite period.

W t hout further elaborating the argunment, it seens a justifiable
inference that the first conception primtive nman woul d have of
his own life would not include the thought of natural death, but
woul d, conversely, connote the vague conception of endless life.
Qur own ancestors, a few generations renoved, had not got rid of
this conception, as the perpetual quest of the spring of eterna
youth anply testifies. A naturalist of our own day has suggested
t hat perhaps birds never die except by violence. The thought,
then, that man has a term of years beyond which "in the nature of

things," as the saying goes, he may not live, would have dawned
but gradually upon the devel oping intelligence of successive
generations of nmen; and we cannot feel sure that he would fully
have grasped the conception of a "natural" term nation of human
l[ife until he had shaken hinself free fromthe idea that disease
is always the result of the magic practice of an enemy. Qur
observation of historical man in antiquity makes it somewhat
doubt ful whether this conception had been attai ned before the
close of the prehistoric period. If it had, this conception of

the nortality of man was one of the npbst striking scientific

i nductions to which prehistoric man attained. Incidentally, it
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may be noted that the conception of eternal life for the human
body being a nore prinmtive idea than the conception of natura
death, the idea of the immortality of the spirit would be the
nost natural of conceptions. The inmmortal spirit, indeed, would
be but a correlative of the immortal body, and the idea which we
shall see preval ent anong the Egyptians that the soul persists
only as long as the body is intact--the idea upon which the
practice of mummi fying the dead depended--finds a ready

expl anation. But this phase of the subject carries us somewhat
afield. For our present purpose it suffices to have pointed out
that the conception of man's nortality--a conception which now
seenms of all others the npbst natural and "innate"--was in al
probability a relatively late scientific induction of our

primtive ancestors.

5. Turning fromthe consideration of the body to its nental
conplenent, we are forced to admt that here, also, our printive
man nmust have nmade certain el enentary observations that underlie
such sciences as psychol ogy, mathematics, and political economy.
The el ementary enotions associated with hunger and with satiety,
with love and with hatred, nust have forced thensel ves upon the
earliest intelligence that reached the plane of conscious

sel f-observation. The capacity to count, at |least to the nunber
four or five, is within the range of even animal intelligence.
Certain savages have gone scarcely farther than this; but our

pri meval ancestor, who was forging on towards civilization, had
learned to count his fingers and toes, and to nunber objects

about himby fives and tens in consequence, before be passed
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beyond the plane of numerous existing barbarians. How much beyond
this he had gone we need not attenpt to inquire; but the
relatively high devel opnent of mathematics in the early

hi storical period suggests that prinmeval man had attai ned a not

i nconsi der abl e know edge of nunbers. The hunmdrum vocati on of

| ooki ng after a numerous progeny must have taught the nother the
rudi ments of addition and subtraction; and the el ements of

nmul tiplication and division are inplied in the capacity to carry
on even the rudest form of barter, such as the various tribes

nmust have practised froman early day.

As to political ideas, even the crudest tribal |life was based on
certain conceptions of ownership, at |east of tribal ownership
and the application of the principle of Iikeness and difference
to which we have already referred. Each tribe, of course,
differed in sonme regard fromother tribes, and the recognition of
these differences inplied in itself a political classification. A
certain tribe took possession of a particular hunting- ground,

whi ch becanme, for the tinme being, its hone, and over which it
cane to exercise certain rights. An invasion of this territory by
anot her tribe mght lead to war, and the bandi ng together of the
menbers of the tribe to repel the invader inplied both a
recognition of conmunal unity and a species of prejudice in favor
of that community that constituted a primtive patriotism But
this unity of action in opposing another tribe would not prevent
a certain rivalry of interest between the nmenbers of the sane
tribe, which would show itself nore and nore prom nently as the
tribe increased in size. The association of two or nore persons

i mplies, always, the ascendency of some and the subordination of
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ot hers. Leadershi p and subordinati on are necessary correl atives
of difference of physical and nental endowrent, and rivalry

bet ween | eaders would inevitably lead to the formation of
primtive political parties. Wth the ultinmte success and
ascendency of one | eader, who secures either absolute power or
power mnodified in accordance with the advice of subordinate

| eaders, we have the gerns of an el aborate political system-an

enbryo science of governnent.

Meanwhi | e, the very existence of such a conmunity inplies the
recognition on the part of its nmenbers of certain individua
rights, the recognition of which is essential to comrunal

har mony. The right of individual ownership of the various
articles and inplenents of every-day life nmust be recognized, or
al I harnony would be at an end. Certain rules of justice--
primtive |aws--nust, by conmpn consent, give protection to the
weakest nenbers of the conmunity. Here are the rudinents of a
system of ethics. It may seem anonmal ous to speak of this
primtive nmorality, this early recognition of the principles of
ri ght and wrong, as having any relation to science. Yet, rightly
considered, there is no incongruity in such a citation. There
cannot well be a doubt that the adoption of those broad
principles of right and wong which underlie the entire structure
of nodern civilization was due to scientific induction,--in other
words, to the belief, based on observation and experience, that
the principles inplied were essential to conmunal progress. He
who has scanned the pageant of history knows how often these

principles seemto be absent in the intercourse of nmen and
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nations. Yet the ideal is always there as a standard by which al

deeds are judged.

It woul d appear, then, that the entire superstructure of |ater
science had its foundation in the know edge and practice of
prehistoric man. The civilization of the historical period could
not have advanced as it has had there not been countless
generations of culture back of it. The new principles of science
could not have been evolved had there not been great basa
principles which ages of unconsci ous experinment had inpressed
upon the m nd of our race. Due need of praise nust be given,

then, to our primtive ancestor for his scientific

acconpli shments; but justice demands that we should look a little
farther and consider the reverse side of the picture. W have had
to do, thus far, chiefly with the positive side of

acconpl i shmrent. W have pointed out what our primtive ancestor
knew, intimating, perhaps, the linmtations of his know edge; but
we have had little to say of one all-inportant feature of his
scientific theorizing. The feature in question is based on the
highly scientific desire and propensity to find explanations for
t he phenonena of nature. Wthout such desire no progress could be
made. It is, as we have seen, the generalizing from experience
that constitutes real scientific progress; and yet, just as npst
ot her good things can be overdone, this scientific propensity may

be carried to a di sastrous excess.

Primeval man did not escape this danger. He observed, he

reasoned, he found expl anations; but he did not always
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discrimnate as to the logicality of his reasonings. He failed to
recogni ze the limtations of his know edge. The observed
uniformty in the sequence of certain events inpressed on his

m nd the idea of cause and effect. Proximte causes known, he
sought remoter causes; childlike, his inquiring mnd was al ways
aski ng, Why? and, childlike, he demanded an explicit answer. If
the forces of nature seemed to conbat him if wind and rain
opposed his progress and thunder and |ightning seened to nenace
his existence, he was led irrevocably to think of those human
foes who warred with him and to see, back of the warfare of the
el ements, an inscrutable nmalevolent intelligence which took this
nmet hod to express its displeasure. But every other |ine of
scientific observation | eads equally, follow ng back a sequence
of events, to seem ngly causel ess begi nnings. Mddern science can
explain the lightning, as it can explain a great nunmber of the
nysteries which the prinmeval intelligence could not penetrate.
But the prinordial nan could not wait for the revel ati ons of
scientific investigation: he nust vault at once to a fina
solution of all scientific problens. He found his solution by
peopling the world with invisible forces, anthroponorphic in
their conception, like himself in their thought and action
differing only in the limtations of their powers. H's own dream
exi stence gave hi m seem ng proof of the existence of an alter
ego, a spiritual portion of hinself that could dissever itself
fromhis body and wander at will; his scientific inductions
seened to tell himof a world of invisible beings, capable of

i nfluencing himfor good or ill. Fromthe scientific exercise of

his faculties he evolved the all-enconpassing generalizations of
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i nvisible and all-powerful causes back of the phenonena of

nature. These generalizations, early devel oped and seem ngly
supported by the observations of countless generations, cane to
be anmong the nost firnmy established scientific inductions of our
pri meval ancestor. They obtained a hold upon the nmentality of our
race that | ed subsequent generations to think of them sonetines
to speak of them as "innate" ideas. The observati ons upon which
they were based are now, for the nobst part, susceptible of other
interpretations; but the old interpretations have precedent and
prej udi ce back of them and they represent ideas that are nore
difficult than al nost any others to eradicate. Al ways, and
everywhere, superstitions based upon unwarranted early scientific
deductions have been the nost inplacable foes to the progress of
sci ence. Men have built systens of philosophy around their
conception of anthroponorphic deities; they have linked to these
systens of philosophy the allied conception of the immtability
of man's spirit, and they have asked that scientific progress
shoul d stop short at the brink of these systens of phil osophy and
accept their dictates as final. Yet there is not to-day in

exi stence, and there never has been, one jot of scientific

evi dence for the existence of these intangi bl e anthroponorphic
powers back of nature that is not susceptible of scientific
chal l enge and of more logical interpretation. In despite of which
the superstitious beliefs are still as firmy fixed in the ninds
of a large majority of our race as they were in the mnd of our
prehistoric ancestor. The fact of this baleful heritage must not
be forgotten in estimating the debt of gratitude which historic

man owes to his barbaric predecessor.
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I'1. EGYPTI AN SCI ENCE

In the previous chapter we have purposely refrained from
referring to any particular tribe or race of historical man. Now,
however, we are at the beginnings of national existence, and we
have to consider the acconplishnments of an individual race; or
rat her, perhaps, of two or nore races that occupi ed successively
t he sane geographical territory. But even now our studies nust
for a tinme remain very general; we shall see little or nothing of
the deeds of individual scientists in the course of our study of
Egyptian culture. W are still, it must be understood, at the
begi nni ngs of history; indeed, we nust first bridge over the gap
fromthe prehistoric before we may find ourselves fairly on the

line of march of historical science.

At the very outset we may well ask what constitutes the

di stinction between prehistoric and historic epochs --a

di stinction which has been constantly inplied in much that we
have said. The reply savors sonewhat of vagueness. It is a

di stinction having to do, not so nmuch with facts of human
progress as with our interpretation of these facts. When we speak
of the dawn of history we nmust not be understood to inply that,

at the period in question, there was any sudden change in the
intellectual status of the human race or in the status of any

i ndi vidual tribe or nation of nmen. What we nean is that nodern

know edge has penetrated the msts of the past for the period we
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term historical with something nore of clearness and precision
than it has been able to bring to bear upon yet earlier periods.
New accessi ons of knowl edge may thus shift fromtinme to tine the
bounds of the so-called historical period. The cl earest
illustration of this is furnished by our interpretation of
Egyptian history. Until recently the biblical records of the
Hebrew captivity or service, together with the sinmlar account of
Josephus, furnished about all that was known of Egyptian history
even of so conparatively recent a tine as that of Ranses I1I.
(fifteenth century B.C.), and fromthat period on there was

al nrost a conplete gap until the story was taken up by the G eek
hi stori ans Herodotus and Diodorus. It is true that the king-lists
of the Al exandrian historian, Manetho, were all al ong accessible
i n somewhat garbled copies. But at best they seened to supply
unintelligible lists of nanes and dates which no one was di sposed
to take seriously. That they were, broadly speaking, true

hi storical records, and nost inportant historical records at

that, was not recogni zed by nodern scholars until fresh |ight had

been thrown on the subject from altogether new sources.

These new sources of know edge of ancient history demand a
nmonment's consideration. They are all-inportant because they have
been the neans of extending the historical period of Egyptian

hi story (using the word history in the way just explained) by
three or four thousand years. As just suggested, that historica
period carried the scholarship of the early nineteenth century
scarcely beyond the fifteenth century B.C., but to-day's vision
extends with tolerable clearness to about the niddle of the fifth

m |l ennium B.C. This change has been brought about chiefly
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t hrough study of the Egyptian hieroglyphics. These hierogl yphics
constitute, as we now know, a highly devel oped system of witing;
a systemthat was practised for some thousands of years, but
which fell utterly into disuse in the |ater Roman period, and the
knowl edge of which passed absolutely fromthe nmind of man. For
about two thousand years no one was able to read, with any degree
of explicitness, a single character of this strange script, and
the idea becane prevalent that it did not constitute a rea
systemof writing, but only a nmore or |ess barbaric system of
religious symbolism The falsity of this view was shown early in
the nineteenth century when Dr. Thomas Young was |ed, through
study of the fanmous trilingual inscription of the Rosetta stone,
to make the first successful attenpt at clearing up the nysteries

of the hieroglyphics.

This is not the place to tell the story of his fascinating

di scoveries and those of his successors. That story belongs to
ni net eent h-century science, not to the science of the Egyptians.
Suffice it here that Young gained the first clewto a few of the
phonetic values of the Egyptian synbols, and that the work of

di scovery was carried on and vastly extended by the Frenchman
Chanpollion, a little later, with the result that the firm
foundati ons of the nodern science of Egyptology were |aid.
Subsequently such students as Rosellini the Italian, Lepsius the
German, and W I ki nson the Englishman, entered the field, which in
due course was cultivated by De Rouge in France and Birch in
Engl and, and by such distinguished | atter-day workers as Chabas,

Mariette, Maspero, Anelineau, and De Mdrgan anong the Frenchnen;
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Prof essor Petrie and Dr. Budge in England; and Brugsch Pasha and
Prof essor Erman in Germany, not to nmention a |large coterie of
somewhat | ess fanmliar nanes. These nen working, some of themin
the field of practical exploration, sone as students of the
Egypti an | anguage and witing, have restored to us a tolerably
preci se know edge of the history of Egypt fromthe tinme of the
first historical king, Mena, whose date is placed at about the

m ddl e of the fifth century B.C. We know not nerely the nanes of
nost of the subsequent rulers, but sonme thing of the deeds of
many of them and, what is vastly nore inportant, we know, thanks
to the modern interpretation of the old literature, many things
concerning the life of the people, and in particular concerning
their highest culture, their nethods of thought, and their
scientific attai nments, which mght well have been supposed to be
past finding out. Nor has nodern investigation halted with the
time of the first kings; the recent explorations of such
archaeol ogi sts as Anel i neau, De Modrgan, and Petrie have brought
to Iight numerous remains of what is now spoken of as the
predynastic period--a period when the inhabitants of the Nile
Val | ey used inplenments of chipped stone, when their pottery was
made without the use of the potter's wheel, and when they buried
their dead in curiously cranped attitudes wi thout attenpt at
munm fi cati on. These aborigi nal inhabitants of Egypt cannot
perhaps with strict propriety be spoken of as living within the
hi storical period, since we cannot date their relics with any
accuracy. But they give us glinpses of the early stages of
civilization upon which the Egyptians of the dynastic period were

t o advance.
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It is held that the nascent civilization of these Egyptians of
the Neolithic, or late Stone Age, was overthrown by the invading
hosts of a nore highly civilized race which probably cane from
the East, and which nmay have been of a Senmitic stock. The
presunption is that this invading people brought with it a

knowl edge of the arts of war and peace, devel oped or adopted in
its old home. The introduction of these arts served to bridge
somewhat suddenly, so far as Egypt is concerned, that gap between
the prehistoric and the historic stage of culture to which we
have all along referred. The essential structure of that bridge,
let it now be clearly understood, consisted of a single el enment.
That elenent is the capacity to make written records: a know edge
of the art of witing. Clearly understood, it is this el enment of
know edge that fornms the Iine bounding the historical period.
Nunber| ess menentos are in existence that tell of the
intellectual activities of prehistoric man; such nmenentos as
flint inplenments, pieces of pottery, and fragments of bone,
inscribed with pictures that may fairly be spoken of as works of
art; but so long as no witten word acconpani es these records, so
Il ong as no nane of king or scribe comes down to us, we feel that
these records belong to the donmain of archaeol ogy rather than to
that of history. Yet it must be understood all along that these
two domai ns shade one into the other and, it has already been
urged, that the distinction between themis one that pertains
rather to nodern scholarship than to the devel opnent of
civilization itself. Bearing this distinction still in nmnd, and
recalling that the historical period, which is to be the field of

our observation throughout the rest of our studies, extends for
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Egypt well back into the fifth millenniumB.C., let us briefly
review the practical phases of that civilization to which the
Egypti an had attai ned before the begi nning of the dynastic
period. Since theoretical science is everywhere |inked with the
nmechani cal arts, this survey will give us a clear conprehension
of the field that |lies open for the progress of science in the

| ong stages of historical tinme upon which we are just entering.

We may pass over such rudi mentary advances in the direction of
civilization as are inplied in the use of articul ate | anguage,
the application of fire to the uses of man, and the systematic
maki ng of dwellings of one sort or another, since all of these
are stages of progress that were reached very early in the
prehistoric period. What nore directly concerns us is to note
that a really high stage of mechani cal devel opment had been
reached before the dawnings of Egyptian history proper. Al
manner of household utensils were enployed; the potter's whee
aided in the construction of a great variety of earthen vessels;
weavi ng had become a fine art, and weapons of bronze, including
axes, spears, knives, and arrow heads, were in constant use.

Ani mal s had | ong been donesticated, in particular the dog, the
cat, and the ox; the horse was introduced |later fromthe East.

The practical arts of agriculture were practised al nost as they

are at the present day in Egypt, there being, of course, the sane

dependence then as now upon the inundations of the Nile

As to governnment, the Egyptian of the first dynasty regarded his
king as a demi-god to be actually deified after his death, and

this point of view was not changed throughout the stages of |ater
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Egyptian history. In point of art, marvellous advances upon the
skill of the prehistoric man had been nade, probably in part
under Asiatic influences, and that unique style of stilted yet
expressive drawi ng had cone into vogue, which was to be
remenbered in after tinmes as typically Egyptian. Mre inportant
than all else, our Egyptian of the earliest historical period was
in possession of the art of witing. He had begun to make those
specific records which were inpossible to the man of the Stone
Age, and thus he had entered fully upon the way of historica
progress which, as already pointed out, has its very foundation
in witten records. From now on the deeds of individual kings
could find specific record. It began to be possible to fix the
chronol ogy of renpte events with sonme accuracy; and with this
same fixing of chronol ogi es canme the advent of true history. The
peri od which precedes what is usually spoken of as the first
dynasty in Egypt is one into which the present-day searcher is
still able to see but darkly. The evidence seens to suggest than
an invasion of relatively cultured people fromthe East
overthrew, and in tinme supplanted, the Neolithic civilization of
the Nile Valley. It is inpossible to date this invasion
accurately, but it cannot well have been |l ater than the year 5000
B.C., and it may have been a great many centuries earlier than
this. Be the exact dates what they may, we find the Egyptian of
the fifth mllenniumB.C. in full possession of a highly

organi zed civilization.

Al'l subsequent ages have narvelled at the pyram ds, sone of which

date from about the year 4000 B.C., though we nmay note in passing

Get any book for free on: www.Abika.com



A History of Science

that these dates nust not be taken too literally. The chronol ogy
of ancient Egypt cannot as yet be fixed with exact accuracy, but
the di sagreenents between the various students of the subject
need give us little concern. For our present purpose it does not
in the | east matter whether the pyram ds were built three

t housand or four thousand years before the begi nning of our era.
It suffices that they date back to a period | ong antecedent to
the begi nnings of civilization in Western Europe. They prove that
the Egyptian of that early day had attai ned a know edge of
practical nechanics which, even fromthe twentieth-century point
of view, is not to be spoken of lightly. It has sonetines been
suggested that these mghty pyramds, built as they are of great
bl ocks of stone, speak for an al nobst mracul ous knowl edge on the
part of their builders; but a saner view of the conditions gives
no warrant for this thought. Diodoras, the Sicilian, in his
fanobus World's History, witten about the beginning of our era,
expl ains the building of the pyram ds by suggesting that great
quantities of earth were piled against the side of the rising
structure to forman inclined plane up which the bl ocks of stone
were dragged. He gives us certain figures, based, doubtless, on
reports made to him by Egyptian priests, who in turn drew upon
the traditions of their country, perhaps even upon witten
records no | onger preserved. He says that one hundred and twenty
t housand men were enployed in the construction of the | argest
pyram d, and that, notw thstanding the size of this host of

wor kers, the task occupied twenty years. We nust not place too
much dependence upon such figures as these, for the ancient

hi storians are notoriously given to exaggeration in recording

nunbers; yet we need not doubt that the report given by D odorus
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is substantially accurate in its main outlines as to the nethod

t hrough which the pyram ds were constructed. A host of nen
putting their added weight and strength to the task, with the aid
of ropes, pulleys, rollers, and levers, and utilizing the
principle of the inclined plane, could undoubtedly nove and

el evate and place in position the |argest blocks that enter into
the pyram ds or--what seens even nore wonderful --the nost
gigantic obelisks, without the aid of any other kind of mechani sm
or of any nore occult power. The same hands coul d, as Di odorus
suggests, renove all trace of the debris of construction and

| eave the pyram ds and obelisks standing in weird isolation, as

if sprung into being through a mracle

ASTRONOM CAL SCI ENCE

It has been necessary to bear in mnd these phases of practica
civilization because much that we know of the purely scientific
attai nments of the Egyptians is based upon nodern observation of
their pyramds and tenples. It was early observed, for exanple,
that the pyramids are obviously oriented as regards the direction
in which they face, in strict accordance with sone astronomni ca
principle. Early in the nineteenth century the Frenchman Bi ot
made interesting studies in regard to this subject, and a hundred
years later, in our own tine, Sir Joseph Norman Lockyer,
following up the work of various internediary observers, has

gi ven the subject nuch attention, making it the central theme of

his work on The Dawn of Astronomy.[1l] Lockyer's researches nmake
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it clear that in the main the tenples of Egypt were oriented with
reference to the point at which the sun rises on the day of the
sumer solstice. The time of the solstice had peculiar interest
for the Egyptians, because it corresponded rather closely with
the tinme of the rising of the Nile. The floods of that river
appear with very great regularity; the on-rushing tide reaches
the region of Heliopolis and Menphis al nost precisely on the day
of the sunmer solstice. The tine varies at different stages of
the river's course, but as the civilization of the early
dynasties centred at Menphis, observations nade at this place had

wi dest vogue.

Considering the all-essential character of the Nile

fl oods-w thout which civilization would be inpossible in
Egypt--it is not strange that the tine of their appearance shoul d
be taken as marking the begi nning of a new year. The fact that
their com ng coincides with the solstice nakes such a division of
the cal endar perfectly natural. In point of fact, fromthe
earliest periods of which records have cone down to us, the new
year of the Egyptians dates fromthe sumer solstice. It is
certain that fromthe earliest historical periods the Egyptians
were aware of the approxinate |length of the year. It would be
strange were it otherw se, considering the ease with which a
record of days could be kept fromNile flood to Nile flood, or
fromsolstice to solstice. But this, of course, applies only to
an approximate count. There is sonme reason to believe that in the
earliest period the Egyptians nade this count only 360 days. The
fact that their year was divided into twelve nonths of thirty

days each lends color to this belief; but, in any event, the
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m st ake was discovered in due tine and a partial renedy was
applied through the interpolation of a "little nonth" of five
days between the end of the twelfth nonth and the new year. This
nearly but not quite renedied the matter. What it obviously
failed to do was to take account of that additional quarter of a

day which really rounds out the actual year

It would have been a vastly convenient thing for humanity had it
chanced that the earth had so accommpdated its rotary notion with
its speed of transit about the sun as to nmake its annual flight
in precisely 360 days. Twelve lunar nonths of thirty days each
woul d then have coi ncided exactly with the solar year, and nost
of the conplexities of the cal endar, which have so puzzl ed

hi storical students, would have been avoi ded; but, on the other
hand, perhaps this very sinplicity would have proved detrimenta
to astronom cal science by preventing nen from searching the
heavens as carefully as they have done. Be that as it mmy, the
conplexity exists. The actual year of three hundred and
sixty-five and (about) one-quarter days cannot be divided evenly
into nonths, and sone such expedient as the intercal ati on of days
here and there is essential, else the calendar will beconme

absol utely out of harnmony with the seasons.

In the case of the Egyptians, the attenpt at adjustnment was nade,
as just noted, by the introduction of the five days, constituting
what the Egyptians thenselves terned "the five days over and

above the year." These so-call ed epagonmenal days were undoubtedly

introduced at a very early period. Maspero holds that they were
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in use before the first Thinite dynasty, citing in evidence the
fact that the | egend of Gsiris explains these days as havi ng been
created by the god Thot in order to permit Nuit to give birth to
all her children; this expedient being necessary to overcone a
ban whi ch had been pronounced agai nst Nuit, according to which
she could not give birth to children on any day of the year. But,
of course, the five additional days do not suffice fully to
rectify the calendar. There remains the additional quarter of a
day to be accounted for. This, of course, ampunts to a full day
every fourth year. W shall see that |ater Al exandrian science
hit upon the expedient of adding a day to every fourth year; an
expedi ent which the Julian cal endar adopted and which still gives
us our famliar |eap-year. But, unfortunately, the ancient
Egyptian failed to recognize the need of this additional day, or
if he did recognize it he failed to act on his know edge, and so
it happened that, starting somewhere back in the renpte past with
a new year's day that coincided with the inundation of the N le,
there was a constantly shifting nmal adj ust nent of cal endar and

seasons as time went on.

The Egyptian seasons, it should be explained, were three in
nunber: the season of the inundation, the season of the
seed-time, and the season of the harvest; each season being, of
course, four nonths in extent. Originally, as just nentioned, the
season of the inundations began and coincided with the actua

time of inundation. The nore precise fixing of new year's day was
acconpl i shed through observation of the time of the so-called
heliacal rising of the dog-star, Sirius, which bore the Egyptian

nane Sothis. It chances that, as viewed from about the region of
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Hel i opolis, the sun at the time of the summer sol stice occupies
an apparent position in the heavens close to the dog-star. Now,
as is well known, the Egyptians, seeing divinity back of al nost
every phenonenon of nature, very naturally paid particular
reverence to so obviously influential a personage as the sun-god.
In particular they thought it fitting to do homage to himjust as
he was starting out on his tour of Egypt in the norning; and that
they mi ght know the precise nonent of his com ng, the Egyptian
astrononer priests, perched on the hill-tops near their tenples,
were wont to scan the eastern horizon with reference to sonme star
whi ch had been observed to precede the solar |umnary. OF course
the precession of the equinoxes, due to that axial wobble in

whi ch our clunmsy earth indul ges, would change the apparent
position of the fixed stars in reference to the sun, so that the
same star could not do service as heliacal nessenger
indefinitely; but, on the other hand, these changes are so sl ow
t hat observations by many generations of astrononers would be
required to detect the shifting. It is believed by Lockyer,

t hough the evidence is not quite denonstrative, that the
astrononi cal observations of the Egyptians date back to a period
when Sothis, the dog-star, was not in close association with the
sun on the norning of the summer solstice. Yet, according to the
cal cul ati ons of Biot, the heliacal rising of Sothis at the

sol stice was noted as early as the year 3285 B.C., and it is
certain that this star continued throughout subsequent centuries
to keep this position of peculiar prestige. Hence it was that
Sothis cane to be associated with Isis, one of the npbst inportant

divinities of Egypt, and that the day in which Sothis was first
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visible in the nmorning sky marked the begi nning of the new year
that day coinciding, as already noted, with the sumrer solstice

and with the beginning of the Nile flow

But now for the difficulties introduced by that unreckoned
quarter of a day. Obviously with a cal endar of 365 days only, at
the end of four years, the cal endar year, or vague year, as the
Egyptians cane to call it, had gained by one full day upon the
actual solar year-- that is to say, the heliacal rising of

Sothis, the dog- star, would not occur on new year's day of the
faulty cal endar, but a day later. And with each succeedi ng period
of four years the day of heliacal rising, which marked the true
begi nni ng of the year--and which still, of course, coincided with
t he inundation--would have fallen anot her day behind the
calendar. In the course of 120 years an entire nonth would be
lost; and in 480 years so great would beconme the shifting that
the seasons woul d be altogether misplaced; the actual tine of

i nundati ons corresponding with what the cal endar registered as
the seed-tine, and the actual seed-tine in turn corresponding

with the harvest-tinme of the cal endar.

At first thought this seens very awkward and confusing, but in
all probability the effects were by no nmeans so much so in actua
practice. We need go no farther than to our own experience to
know that the nanes of seasons, as of nonths and days, come to
have in the m nds of npbst of us a purely conventiona

signi ficance. Few of us stop to give a thought to the neaning of
the words January, February, etc., except as they connote certain

climatic conditions. If, then, our own cal endar were so defective
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that in the course of 120 years the nmonth of February had shifted
back to occupy the position of the original January, the change

woul d have been so gradual, covering the period of two life-tines
or of four or five average generations, that it might well escape

general observation

Each succeedi ng generation of Egyptians, then, may not inprobably
have associ ated the names of the seasons with the contenporary
climatic conditions, troubling thenselves little with the thought
that in an earlier age the climatic conditions for each period of
the cal endar were quite different. W cannot well suppose,
however, that the astrononer priests were oblivious to the true
state of things. Upon them devol ved the duty of predicting the
time of the Nile flood; a duty they were enabled to perform

wi thout difficulty through observation of the rising of the

sol stitial sun and its Sothic nessenger. To these observers it
nmust finally have been apparent that the shifting of the seasons
was at the rate of one day in four years; this known, it required
no great mathematical skill to conmpute that this shifting would
finally effect a conplete circuit of the cal endar, so that after
(4 X 365 =) 1460 years the first day of the cal endar year woul d
again coincide with the heliacal rising of Sothis and with the
coming of the Nile flood. In other words, 1461 vague years or
Egyptian cal endar years Of 365 days each correspond to 1460
actual solar years of 365 1/4 days each. This period, measured
thus by the heliacal rising of Sothis, is spoken of as the Sothic

cycle.
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To us who are trained fromchil dhood to understand that the year
consists of (approximtely) 365 1/4 days, and to know that the
cal endar may be regul ated approximately by the introduction of an
extra day every fourth year, this recognition of the Sothic cycle
seens sinple enough. Yet if the average man of us will reflect
how little he knows, of his own know edge, of the exact |ength of
the year, it will soon becone evident that the appreciation of
the faults of the cal endar and the know edge of its periodica

adj ustment constituted a relatively high devel opnent of
scientific know edge on the part of the Egyptian astrononer. It
may be added that various efforts to reformthe cal endar were
made by the ancient Egyptians, but that they cannot be credited
with a satisfactory solution of the problem for, of course, the
Al exandrian scientists of the Ptol emaic period (whose work we
shal | have occasion to review presently) were not Egyptians in

any proper sense of the word, but G eeks.

Since so nuch of the tinme of the astronomer priests was devoted
to observation of the heavenly bodies, it is not surprising that
t hey shoul d have mapped out the apparent course of the mpon and
the visible planets in their nightly tour of the heavens, and
that they should have divided the stars of the firmnent into
nore or less arbitrary groups or constellations. That they did so
is evidenced by various scul ptured representations of
constellations corresponding to signs of the zodiac which stil
ornanent the ceilings of various ancient tenples. Unfortunately
the decorative sense, which was al ways predom nant with the
Egyptian scul ptor, led himto take various liberties with the

di stribution of figures in these representations of the
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constellations, so that the inferences drawn fromthemas to the
exact map of the heavens as the Egyptians conceived it cannot be
fully relied upon. It appears, however, that the Egyptian
astrononer divided the zodiac into twenty-four decani, or
constellations. The arbitrary groupings of figures, with the aid
of which these are delineated, bear a close resenblance to the
equally arbitrary outlines which we are still accustoned to use

for the sane purpose.

| DEAS OF COSMOLOGY

In viewing this astronom cal system of the Egyptians one cannot
avoid the question as to just what interpretation was placed upon
it as regards the actual mechanical structure of the universe. A
proxi mal answer to the question is supplied us with a good dea

of clearness. It appears that the Egyptian conceived the sky as a
sort of tangible or material roof placed above the world, and
supported at each of its four corners by a columm or pillar

whi ch was | ater on conceived as a great nountain. The earth
itself was conceived to be a rectangular box, |onger fromnorth
to south than fromeast to west; the upper surface of this box,
upon which man |ived, being slightly concave and having, of
course, the valley of the Nile as its centre. The pillars of
support were situated at the points of the conpass; the northern
one being | ocated beyond the Mediterranean Sea; the southern one
away beyond the habitable regions towards the source of the Nile,

and the eastern and western ones in equally inaccessible regions.

Get any book for free on: www.Abika.com

42



A History of Science 43

Circling about the southern side of the, world was a great river
suspended in md-air on sonething conmparable to nmountain cliffs;
on which river the sun-god nmade his daily course in a boat,
fighting day by day his ever-recurring battle against Set, the
denon of darkness. The wi de channel of this river enabled the
sun-god to alter his course fromtine to tine, as he is observed
to do; in winter directing his bark towards the farther bank of
the channel; in sunmer gliding close to the nearer bank. As to
the stars, they were simlar |ights, suspended fromthe vault of
t he heaven; but just how their observed notion of translation
across the heavens was explained is not apparent. It is nore than

probabl e that no one expl anation was, universally accepted.

In explaining the origin of this nechani smof the heavens, the
Egyptian i magi nation ran riot. Each separate part of Egypt had
its own hierarchy of gods, and nore or less its own expl anations
of cosnpbgony. There does not appear to have been any one centra
story of creation that found universal acceptance, any nore than
there was one specific deity everywhere recogni zed as suprene
anong the gods. Perhaps the nost interesting of the cosnogonic
nmyt hs was that which conceived that Nuit, the goddess of night,
had been torn fromthe arns of her husband, Sibu the earth-god,
and elevated to the sky despite her protests and her husband's
struggles, there to remain supported by her four |inbs, which
becane net anor phosed into the pillars, or nmountains, already
mentioned. The forcible elevation of Nuit had been effected on
the day of creation by a new god, Shu, who cane forth fromthe
primeval waters. A painting on the mummy case of one Bet uhanon,

now in the Turin Museum illustrates, in the graphic manner so
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characteristic of the Egyptians, this act of creation. As
Maspero[ 2] points out, the struggle of Sibu resulted in
contorted attitudes to which the irregularities of the earth's

surface are to be ascri bed.

In contenplating such a schene of celestial nmechanics as that
just outlined, one cannot avoid raising the question as to just
the degree of literal ness which the Egyptians thensel ves put upon
it. We know how essentially eye-m nded the Egyptian was, to use a
nodern psychol ogi cal phrase--that is to say, how essential to him
it seemed that all his conceptions should be visualized. The

evi dences of this are everywhere: all his gods were nmde

tangi ble; he believed in the imortality of the soul, yet he
coul d not conceive of such inmortality except in association with
an i mortal body; he must nunmify the body of the dead, else, as
he firmy believed, the dissolution of the spirit would take

pl ace along with the dissolution of the body itself. H's world
was peopl ed everywhere with spirits, but they were spirits

associ ated al ways wi th corporeal bodies; his gods found | odgnent
in sun and nmoon and stars; in earth and water; in the bodies of
reptiles and birds and mammal s. He worshi pped all of these
things: the sun, the noon, water, earth, the spirit of the N le,
the ibis, the cat, the ram and apis the bull; but, so far as we
can judge, his imgination did not reach to the idea of an

absol utely incorporeal deity. Simlarly his conception of the
mechani sm of the heavens nmust be a tangi bly nmechani cal one. He
nmust think of the starry firmanent as a substantial entity which

could not defy the |law of gravitation, and which, therefore, nust
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have the sane manner of support as is required by the roof of a
house or tenmple. We know that this idea of the materiality of the
firmament found el aborate expression in those | ater cosnol ogica
guesses which were to dom nate the thought of Europe until the
time of Newton. We need not doubt, therefore, that for the
Egyptian this solid vault of the heavens had a very rea

exi stence. If now and then sone dreaner conceived the great

bodi es of the firmanent as floating in a less nateria

pl enum - and such iconoclastic dreaners there are in all ages--no
record of his mnusings has cone down to us, and we nust freely
admt that if such thoughts existed they were alien to the

character of the Egyptian m nd as a whol e.

Wil e the Egyptians conceived the heavenly bodies as the

abi di ng- pl ace of various of their deities, it does not appear
that they practised astrology in the |ater acceptance of that
word. This is the nore remarkabl e since the conception of |ucky
and unlucky days was carried by the Egyptians to the extrenmes of
absurdity. "One day was |ucky or unlucky," says Erman,|[ 3]
"according as a good or bad nythol ogi cal incident took place on
that day. For instance, the 1st of Mechir, on which day the sky
was raised, and the 27th of Athyr, when Horus and, Set concl uded
peace together and divided the world between them were |ucky
days; on the other hand, the 14th of Tybi, on which Isis and
Nepht hys mourned for Gsiris, was an unlucky day. Wth the unlucky
days, which, fortunately, were less in nunber than the |ucky
days, they distinguished different degrees of ill-luck. Some were
very unl ucky, others only threatened ill-luck, and many, |ike the

17th and the 27th Choi akh, were partly good and partly bad
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according to the time of day. Lucky days might, as a rule, be

di sregarded. At nost it mght be as well to visit sonme specially
renowned tenple, or to 'celebrate a joyful day at honme,' but no
particul ar precautions were really necessary; and, above all, it
was said, 'what thou al so seest on the day is lucky.' It was
quite otherwi se with the unlucky and dangerous days, which

i mposed so many and such great limtations on people that those
who wi shed to be prudent were always obliged to bear themin mnd
when deternmi ning on any course of action. Certain conditions were
easy to carry out. Misic and singing were to be avoi ded on the
14th Tybi, the day of the nmourning of Gsiris, and no one was
allowed to wash on the 16th Tybi; whilst the nane of Set m ght

not be pronounced on the 24th of Pharnmuthi. Fish was forbidden on
certain days; and what was still nmore difficult in a country so
rich in mce, on the 12th of Tybi no nouse mi ght be seen. The
nost tiresone prohibitions, however, were those which occurred
not infrequently, nanely, those concerning work and goi ng out:
for instance, four times in Paophi the people had to 'do nothing
at all,' and five tines to sit the whole day or half the day in

t he house; and the same rule had to be observed each nonth. It
was inpossible to rejoice if a child was born on the 23d of

Thoth; the parents knew it could not |ive. Those born on the 20th
of Choi akh woul d becone blind, and those born on the 3d of

Choi akh, deaf."

CHARMS AND | NCANTATI ONS
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Where such conceptions as these pertained, it goes w thout saying
that charns and incantations intended to break the spell of the
unl ucky onens were equally preval ent. Such incantations consisted
usually of the recitation of certain phrases based originally, it
woul d appear, upon incidents in the history of the gods. The

wor ds whi ch the god had spoken in connection with sone |ucky

i ncident would, it was thought, prove effective now in bringing
good luck to the human supplicant--that is to say, the nagician
hoped through repeating the words of the god to exercise the
magi ¢ power of the god. It was even possible, with the aid of the
magi cal observances, partly to balk fate itself. Thus the person
predestined through birth on an unlucky day to die of a serpent
bite m ght postpone the tine of this fateful visitation to
extrene old age. The like uncertainty attached to those spells
whi ch one person was supposed to be able to exercise over

another. It was held, for exanple, that if sonething belonging to
an individual, such as a lock of hair or a paring of the nails,
coul d be secured and incorporated in a waxen figure, this figure
woul d be intimtely associated with the personality of that

i ndi vidual. An eneny m ght thus secure occult power over one; any
i ndignity practised upon the waxen figure would result in like
injury to its human prototype. If the figure were bruised or

beat en, some accident would overtake its double; if the inmge
were placed over a fire, the human being would fall into a fever,
and so on. But, of course, such nysterious evils as these would
be met and conbated by equally mysterious processes; and so it
was that the entire art of nedicine was closely linked with

magi cal practices. It was not, indeed, held, according to

Maspero, that the magical spells of enem es were the sol e sources
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of human ail nents, but one could never be sure to what extent
such spells entered into the affliction; and so closely were the
human activities associated in the mnd of the Egyptian with one
formor another of occult influences that purely physica
conditions were at a discount. In the later tinmes, at any rate,

t he physician was usually a priest, and there was a close

associ ation between the material and spiritual phases of
therapeutics. Erman[4] tells us that the following formula had to
be recited at the preparation of all nedicanments: "That Isis

m ght make free, nmake free. That Isis mght nake Horus free from
all evil that his brother Set had done to hi mwhen he slew his
father, Gsiris. Olsis, great enchantress, free nme, rel ease ne
fromall evil red things, fromthe fever of the god, and the
fever of the goddess, from death and death from pain, and the
pai n whi ch cones over ne; as thou hast freed, as thou hast

rel eased thy son Horus, whilst | enter into the fire and cone
forth fromthe water," etc. Again, when the invalid took the
nmedi ci ne, an incantation had to be said which began thus: "Cone
remedy, come drive it out of my heart, out of these linbs strong
in magi c power with the remedy.” He adds: "There may have been a
few rationalists anongst the Egyptian doctors, for the nunber of
magi ¢ fornmul ae varies nmuch in the different books. The book that
we have specially taken for a foundation for this account of
Egypti an nedici ne-- the great papyrus of the eighteenth dynasty
edited by Ebers[5]--contains, for instance, far fewer exorcisns
than some later witings with simlar contents, probably because
the doctor who conpiled this book of recipes from ol der sources

had very little liking for magic."
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It nmust be understood, however--indeed, what has just been said
implies as nmuch--that the physician by no neans relied upon

i ncantations alone; on the contrary, he equipped hinmself with an
astoni shing variety of nedicanents. He had a particul ar fondness
for what the nodern physician speaks of as a "shot-gun”
prescription--one containing a great variety of ingredients. Not
only did herbs of many kinds enter into this, but such substances
as lizard' s blood, the teeth of swine, putrid neat, the noisture
from pigs' ears, boiled horn, and numerous other even nore
repell ent ingredients. Woever is fanmiliar with the fornul ae
enpl oyed by European physicians even so recently as the

ei ghteenth century will note a striking simlarity here. Erman
poi nts out that the nodern Egyptian even of this day hol ds
closely to many of the practices of his rempte ancestor. In
particular, the efficacy of the beetle as a nedicinal agent has
stood the test of ages of practice. "Against all kinds of

witchcraft," says an ancient forrmula, "a great scarabaeus beetl e;
cut off his head and wings, boil him put himin oil and lay him
out; then cook his head and wi ngs, put themin snake fat, boil

and let the patient drink the m xture." The nodern Egyptian, says
Er man, uses al nost precisely the same reci pe, except that the

snake fat is replaced by nmodern oil

In evidence of the inportance which was attached to practica
medi cine in the Egypt of an early day, the names of severa
physi ci ans have conme down to us from an age which has preserved
very few nanes indeed, save those of kings. In reference to this

Erman says[6]: "W still know the nanes of some of the early body
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physicians of this tine; Sechnetna'eonch, 'chief physician of the
Pharaoh,' and Nesnenan his chief, the 'superintendent of the
physi ci ans of the Pharaoh.' The priests also of the

I i oness- headed goddess Sechnmet seemto have been faned for their
medi cal wi sdom whilst the son of this goddess, the denm -god

I motep, was in later tines considered to be the creator of

nmedi cal knowl edge. These anci ent doctors of the New Enpire do not
seemto have inproved upon the ol der conceptions about the

construction of the human body."

As to the actual scientific attainments of the Egyptian
physician, it is difficult to speak with precision. Despite the
cunmbersone formul ae and the grotesque incantations, we need not
doubt that a certain practical value attended his therapeutics.
He practised al nost pure enpiricism however, and certainly it
nust have been al nost inpossible to determ ne which ones, if any,
of the nunerous ingredients of the prescription had rea

ef ficacy.

The practical anatom cal know edge of the physician, there is
every reason to believe, was extrenely limted. At first thought
it mght seemthat the practice of enbalnm ng would have led to
the custom of dissecting human bodi es, and that the Egyptians, as
aresult of this, would have excelled in the know edge of
anatony. But the actual results were rather the reverse of this.
Embal m ng the dead, it nust be recalled, was a purely religious
observance. It took place under the superintendence of the

priests, but so great was the reverence for the human body t hat
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the priests thenselves were not pernmitted to nmake the abdoni na

i nci sion which was a necessary prelimnary of the process. This
incision, as we are informed by both Herodotus[7] and

Di odorus[ 8], was nade by a special officer, whose status, if we
may believe the explicit statenent of Diodorus, was quite
conparable to that of the nodern hangman. The paraschi stas, as he
was call ed, having perfornmed his necessary but obnoxi ous
function, with the aid of a sharp Ethiopian stone, retired
hastily, |eaving the remaining processes to the priests. These,
however, confined their observations to the abdom nal viscera;
under no consideration did they make other incisions in the body.
It follows, therefore, that their opportunity for anatom cal

observations was nmost |imted.

Since even the necessary nutilation inflicted on the corpse was
regarded with such horror, it follows that anything in the way of
di ssection for a | ess sacred purpose was absol utely prohibited.
Probably the sane prohibition extended to a | arge nunber of
animals, since nost of these were held sacred in one part of
Egypt or another. Mreover, there is nothing in what we know of
the Egyptian mind to suggest the probability that any Egyptian
physi ci an woul d nmake extensive anatoni cal observations for the

| ove of pure know edge. All Egyptian science is emnently
practical. If we think of the Egyptian as nysterious, it is
because of the superstitious observances that we everywhere
associate with his daily acts; but these, as we have already
tried to make clear, were really based on scientific observations
of a kind, and the attenpt at true inferences fromthese

observations. But whether or not the Egyptian physician desired
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anat omi cal know edge, the results of his inquiries were certainly
nost neagre. The essentials of his systemhad to do with a series
of vessels, alleged to be twenty-two or twenty-four in nunber,

whi ch penetrated the head and were distributed in pairs to the
various nenbers of the body, and which were vaguely thought of as
carriers of water, air, excretory fluids, etc. Yet back of this
vagueness, as nust not be overlooked, there was an all-essentia
recognition of the heart as the central vascular organ. The heart
is called the beginning of all the menmbers. Its vessels, we are
told, "lead to all the nmenmbers; whether the doctor |ays his
finger on the forehead, on the back of the head, on the hands, on
the place of the stomach (?), on the arns, or on the feet,
everywhere he nmeets with the heart, because its vessels lead to
all the menbers."[9] This recognition of the pul se nust be
credited to the Egyptian physician as a piece of practica

know edge, in sone neasure off-setting the vagueness of his

anat om cal theories.

ABSTRACT SClI ENCE

But, indeed, practical know edge was, as has been said over and
over, the essential characteristic of Egyptian science. Yet
another illustration of this is furnished us if we turn to the
nore abstract departnments of thought and inquire what were the
Egyptian attenpts in such a field as mathenmatics. The answer does
not tend greatly to increase our admiration for the Egyptian

mnd. We are led to see, indeed, that the Egyptian nerchant was
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able to performall the conputations necessary to his craft, but
we are forced to conclude that the know edge of nunbers scarcely
ext ended beyond this, and that even here the nethods of reckoning
were tedi ous and cunbersone. Qur know edge of the subject rests

| argely upon the so- called papyrus Rhind,[10] which is a sort of
nyt hol ogi cal hand-book of the ancient Egyptians. Analyzing this
docunent, Professor Erman concludes that the know edge of the
Egypti ans was adequate to all practical requirenments. Their

mat hemati cs taught them "how i n the exchange of bread for beer
the respective value was to be determ ned when converted into a
quantity of corn; how to reckon the size of a field; howto
determ ne how a given quantity of corn would go into a granary of
a certain size," and |like every-day problens. Yet they were
obliged to nake sone of their sinple conputations in a very
roundabout way. It would appear, for exanple, that their nenta
arithmetic did not enable themto nultiply by a nunber [ arger
than two, and that they did not reach a clear conception of
conpl ex fractional nunbers. They did, indeed, recognize that each
part of an object divided into 10 pi eces becane 1/10 of that

obj ect; they even grasped the idea of 2/3 this being a conception
easily visualized; but they apparently did not visualize such a
conception as 3/10 except in the crude formof 1/10 plus 1/10
plus 1/10. Their entire idea of division seens defective. They

vi ewed the subject fromthe nore el ementary stand-point of

mul tiplication. Thus, in order to find out how many tinmes 7 is
contained in 77, an existing exanple shows that the nunbers
representing 1 tines 7, 2 tinmes 7, 4 tinmes 7, 8 tinmes 7 were set
down successively and various experinmental additions made to find

out which sets of these nunbers aggregated 77.
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--2 14
--4 28

--8 56

A line before the first, second, and fourth of these nunbers
indicated that it is necessary to nultiply 7 by 1 plus 2 plus
8--that is, by 11, in order to obtain 77; that is to say, 7 goes
11 times in 77. Al this seens very cunbersone indeed, yet we
must not overl ook the fact that the process which goes on in our
own mnds in performng such a problemas this is precisely
simlar, except that we have |learned to slur over certain of the
intermedi ate steps with the aid of a menorized nmultiplication
table. In the last analysis, division is only the obverse side of
nmul tiplication, and any one who has not |earned his

mul tiplication table is reduced to sone such expedi ent as that of
the Egyptian. |Indeed, whenever we pass beyond the range of our
menori zed multiplication table-which for nost of us ends with the
twel ves--the experimental character of the trial nultiplication

t hrough which division is finally effected does not so greatly
differ fromthe experinental efforts which the Egyptian was

obliged to apply to smaller nunbers.

Despite his defective conprehension of fractions, the Egyptian
was able to work out problens of relative conplexity; for
exanpl e, he could determnine the answer of such a problemas this:

a nunmber together with its fifth part makes 21; what is the
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nunber ? The process by which the Egyptian solved this problem
seenms very cumbersonme to any one for whom a rudi mentary know edge
of algebra makes it sinple, yet the nmethod which we enpl oy
differs only in that we are enabl ed, thanks to our hypothetica

X, to make a short cut, and the essential fact nmust not be

overl ooked that the Egyptian reached a correct solution of the
problem Wth all due desire to give credit, however, the fact
remai ns that the Egyptian was but a crude nathematician. Here, as
el sewhere, it is inpossible to admire himfor any high

devel opnent of theoretical science. First, last, and all the
time, he was practical, and there is nothing to show that the

t hought of science for its own sake, for the nere | ove of

knowi ng, ever entered his head.

In general, then, we nust admit that the Egyptian had not
progressed far in the hard way of abstract thinking. He

wor shi pped everythi ng about hi m because he feared the result of
failing to do so. He enbal med the dead | est the spirit of the
negl ected one m ght conme to torment him Eye-m nded as he was, he
cane to have an artistic sense, to |ove decorative effects. But
he |l et these always take precedence over his sense of truth; as,
for exanmple, when he nodified his lists of kings at Abydos to fit
the space which the architect had left to be filled; he had no

hi storical sense to showto himthat truth should take precedence
over nere decoration. And everywhere he lived in the same

happy- go-lucky way. He | oved personal ease, the pleasures of the
table, the luxuries of life, ganes, recreations, festivals. He
took no heed for the norrow, except as the norrow m ght m nister

to his personal needs. Essentially a sensual being, he scarcely
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conceived the nmeaning of the intellectual life in the nodern
sense of the term He had perforce | earned sone things about
astronony, because these were necessary to his worship of the
gods; about practical nedicine, because this mnistered to his
mat eri al needs; about practical arithmetic, because this aided
himin every-day affairs. The bare rudi nents of an historica
science may be said to be crudely outlined in his defective lists
of kings. But beyond this he did not go. Science as science, and
for its own sake, was unknown to him He had gods for al

mat eri al functions, and festivals in honor of every god; but
there was no goddess of nmere wi sdomin his pantheon. The
conception of Mnerva was reserved for the creative genius of

anot her peopl e.

[11. SCIENCE OF BABYLONI A AND ASSYRI A

Throughout cl assical antiquity Egyptian science was fanmous. W
know that Pl ato spent sone years in Egypt in the hope of
penetrating the alleged mysteries of its fabled | earning; and the
story of the Egyptian priest who patronizingly assured Sol on that
the Greeks were but babes was quoted everywhere without

di sapproval . Even so late as the tinme of Augustus, we find

Di odorus, the Sicilian, |ooking back with veneration upon the
Oriental learning, to which Pliny also refers with unbounded
respect. From what we have seen of Egyptian science, all this
furni shes us with a somewhat striking comentary upon the

attai nments of the Greeks and Romans thensel ves. To refer at
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length to this would be to anticipate our purpose; what now
concerns us is to recall that all along there was another nation
or group of nations, that disputed the palmfor scientific

attai nments. This group of nations found a hone in the valley of
the Tigris and Euphrates. Their |and was naned Mesopotania by the
Greeks, because a large part of it lay between the two rivers
just nmentioned. The peoples thenselves are famliar to every one
as the Babyl oni ans and the Assyrians. These peopl es were of
Semitic stock--allied, therefore, to the ancient Hebrews and
Phoeni ci ans and of the sanme racial stemwth the Araneans and

Ar abs.

The great capital of the Babylonians during the later period of
their history was the fanmed city of Babylon itself; the nost
famous capital of the Assyrians was N neveh, that city to which
as every Bible- student will recall, the prophet Jonah was

j ourneyi ng when he had a nmuch-expl oited experience, the record of
which forms no part of scientific annals. It was the kings of
Assyria, issuing fromtheir palaces in N neveh, who doni nated the
civilization of Western Asia during the heyday of Hebrew history,
and whose deeds are so frequently nmentioned in the Hebrew
chronicles. Later on, in the year 606 B.C., N neveh was
overthrown by the Medes[1l] and Babyl oni ans. The fanmous city was
conpl etely destroyed, never to be rebuilt. Babylon, however,

t hough conquered subsequently by Cyrus and held in subjection by
Darius,[2] the Persian kings, continued to hold sway as a great
worl d-capital for some centuries. The | ast great historical event
that occurred within its walls was the death of Al exander the

Great, which took place there in the year 322 B.C
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In the tine of Herodotus the fame of Babylon was at its height,
and the father of history has left us a npbst entertai ning account
of what he saw when he visited the wonderful capital
Unfortunately, Herodotus was not a scholar in the proper
acceptance of the term He probably had no inkling of the
Babyl oni an | anguage, so the volum nous records of its literature
were entirely shut off from his observation. He therefore
enlightens us but little regarding the science of the
Babyl oni ans, though his observations on their practica
civilization give us incidental references of no snal

i mportance. Sonmewhat nore detailed references to the scientific
attai nments of the Babyl onians are found in the fragnments that
have come down to us of the witings of the great Babyl oni an

hi stori an, Berosus,[3] who was born in Babylon about 330 B.C

and who was, therefore, a contenporary of Al exander the Great.
But the witings of Berosus also, or at |east such parts of them
as have conme down to us, |eave very nuch to be desired in point
of explicitness. They give sonme glinpses of Babyl onian history,
and they detail at some length the strange mythical tales of
creation that entered into the Babyl oni an conception of
cosnogony--details which find their counterpart in the allied
recitals of the Hebrews. But taken all in all, the glinpses of
the actual state of Chal dean[4] learning, as it was conmonly
cal l ed, anpbunted to scarcely nore than vague wonder-tales. No one
really knew just what interpretation to put upon these tales
until the explorers of the nineteenth century had excavated the

ruins of the Babyl onian and Assyrian cities, bringing to |ight
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the relics of their wonderful civilization. But these relics
fortunately included vast nunmbers of witten documents, inscribed
on tablets, prisnms, and cylinders of terra-cotta. Wen

ni net eent h-century schol arshi p had penetrated the mysteries of
the strange script, and ferreted out the secrets of an unknown
tongue, the world at |last was in possession of authentic records
by which the traditions regardi ng the Babyl oni ans and Assyri ans
could be tested. Thanks to these materials, a new science
commonly spoken of as Assyriology cane into being, and a npst

i mportant chapter of human history was brought to light. It
became apparent that the Greek ideas concerning Mesopotam a

t hough vague in the extreme, were founded on fact. No one any

| onger questions that the Mesopotam an civilization was fully on
a par with that of Egypt; indeed, it is rather held that
superiority lay with the Asiatics. Certainly, in point of purely
scientific attai nnents, the Babyl oni ans passed sonmewhat beyond
their Egyptian conpetitors. Al the evidence seenms to suggest

al so that the Babylonian civilization was even nore ancient than
that of Egypt. The precise dates are here in dispute; nor for our
present purpose need they greatly concern us. But the
Assyri o- Babyl oni an records have much greater historical accuracy
as regards matters of chronol ogy than have the Egyptian, and it
is believed that our know edge of the early Babyl onian history is
carried back, with some certainty, to King Sargon of Agade, [5]
for whomthe date 3800 B.C. is generally accepted; while sonewhat
vaguer records give us glinpses of periods as renpte as the

si xth, perhaps even the seventh or eighth mllenniuns before our

era.
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At a very early period Babylon itself was not a capital and
Ni neveh had not conme into existence. The inportant cities, such
as Nippur and Shirpurla, were situated farther to the south. It
is on the site of these cities that the recent excavations have
been made, such as those of the University of Pennsylvania
expeditions at N ppur,[6] which are giving us glinpses into

renoter recesses of the historical period.

Even if we disregard the nore problematical early dates, we are
still concerned with the records of a civilization extending

unbr oken t hroughout a period of about four thousand years; the
actual period is in all probability twice or thrice that.
Natural |y enough, the current of history is not an unbroken
stream t hroughout this |long epoch. It appears that at |east two
utterly different ethnic elenments are involved. A preponderance
of evidence seens to show that the earliest civilized inhabitants
of Mesopotamia were not Semitic, but an alien race, which is now
commonly spoken of as Sunerian. This people, of whom we catch
glinpses chiefly through the records of its successors, appears
to have been subjugated or overthrown by Semitic invaders, who,
com ng perhaps from Arabia (their origin is in dispute), took
possession of the region of the Tigris and Euphrates, |earned
fromthe Sumerians many of the useful arts, and, partly perhaps
because of their mxed |ineage, were enabled to devel op the nost
wonderful civilization of antiquity. Could we analyze the details
of this civilization fromits earliest to its |latest period we
shoul d of course find the same changes which always attend racia

progress and decay. W should then be able, no doubt, to speak of
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certain golden epochs and their periods of decline. To a certain
nmeagre extent we are able to do this now. W know, for exanple,
that King Khammurabi, who |ived about 2200 B.C., was a great

| aw gi ver, the ancient prototype of Justinian; and the epochs of
such Assyrian kings as Sargon IIl., Asshurnazirpal, Sennacherib
and Asshurbanapal stand out with nuch distinctness. Yet, as a
whol e, the record does not enable us to trace with clearness the
progress of scientific thought. At best we can gain fewer
glinpses in this direction than in alnmost any other, for it is
the record of war and conquest rather than of the peaceful arts
t hat commanded the attention of the ancient scribe. So in dealing
with the scientific achievenents of these peoples, we shal
perforce consider their varied civilizations as a unity, and
attenpt, as best we may, to sunmarize their achievenents as a
whol e. For the nobst part, we shall not attenpt to discrininate as
to what share in the final product was due to Sunerian, what to
Babyl oni an, and what to Assyrian. W shall speak of Babyl oni an
science as including all these elenents; and draw ng our
information chiefly fromthe relatively |ate Assyrian and
Babyl oni an sources, which, therefore, represent the cul mi nating
achi evenents of all these ages of effort, we shall attenpt to

di scover what was the actual status of Mesopotani an science at
its climax. In so far as we succeed, we shall be able to judge
what scientific heritage Europe received fromthe Oient; for in
the records of Babyl onian science we have to do with the Eastern
mnd at its best. Let us turn to the specific inquiry as to the
achi evenents of the Chal dean scientist whose fame so dazzled the

eyes of his contemporaries of the classic world.
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BABYLONI AN ASTRONOMY

Qur first concern naturally is astronomy, this being here, as in
Egypt, the first-born and the nost inportant of the sciences. The
fame of the Chal dean astronomer was i ndeed what chiefly commanded
the admration of the Greeks, and it was through the results of
astrononi cal observations that Babylonia transnmitted her npst

i mportant influences to the Western world. "Qur division of tine
is of Babylonian origin," says Hornmel;[7] "to Babyl onia we owe
the week of seven days, with the nanes of the planets for the
days of the week, and the division into hours and nonths." Hence
the al nost personal interest which we of to-day nust needs fee

in the efforts of the Babyl oni an star-gazer

It nmust not be supposed, however, that the Chal dean astrononer
had made any very extraordi nary advances upon the know edge of
the Egyptian "watchers of the night." After all, it required
pati ent observation rather than any peculiar genius in the
observer to note in the course of time such broad astronom ca
conditions as the regularity of the nobon's phases, and the
relation of the lunar periods to the |onger periodica
oscillations of the sun. Nor could the curious wanderings of the
pl anets escape the attention of even a noderately keen observer.
The chief distinction between the Chal dean and Egypti an
astrononers appears to have consisted in the relative inportance
they attached to various of the phenonena which they both

observed. The Egyptian, as we have seen, centred his attention

Get any book for free on: www.Abika.com



A History of Science

upon the sun. That lunminary was the abode of one of his npst

i nportant gods. His worship was essentially solar. The
Babyl oni an, on the other hand, appears to have been peculiarly

i mpressed with the inportance of the noon. He could not, of
course, overlook the attention-conpelling fact of the solar year
but his unit of tine was the lunar period of thirty days, and his
year consisted of twelve |lunar periods, or 360 days. He was
perfectly aware, however, that this period did not coincide with
the actual year; but the relative uninportance which he ascribed
to the solar year is evidenced by the fact that he interpol ated
an added nonth to adjust the cal endar only once in six years.

I ndeed, it would appear that the Babyl oni ans and Assyrians did
not adopt precisely the same nmethod of adjusting the cal endar
since the Babyl onians had two intercular nonths called Elul and
Adar, whereas the Assyrians had only a single such nonth, called
the second Adar.[8] (The Ve' Adar of the Hebrews.) This diversity
further enphasizes the fact that it was the |unar period which
received chief attention, the adjustnent of this period with the
sol ar seasons being a necessary expedi ent of secondary

i mportance. It is held that these |unar periods have often been
made to do service for years in the Babyl onian conputations and
in the allied conputations of the early Hebrews. The |ives of the
Hebrew patriarchs, for exanple, as recorded in the Bible, are

perhaps reckoned in lunar "years." Divided by twelve, the "years"

of Met husel ah accord fairly with the usual experience of mankind.

Yet, on the other hand, the conveni ence of the solar year in
conmputing long periods of tine was not unrecogni zed, since this

period is utilized in reckoning the reigns of the Assyrian kings.
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It may be added that the reign of a king "was not reckoned from
the day of his accession, but fromthe Assyrian new year's day,
either before or after the day of accession. There does not
appear to have been any fixed rule as to which new year's day
shoul d be chosen; but fromthe nunber of known cases, it appears
to have been the general practice to count the reigning years
fromthe new year's day nearest the accession, and to call the
peri od between the accession day and the first new year's day
"the beginning of the reign,' when the year fromthe new year's
day was called the first year, and the foll owi ng ones were
brought successively fromit. Notwi thstanding, in the dates of
several Assyrian and Babyl oni an sovereigns there are cases of the
year of accession being considered as the first year, thus giving
two reckonings for the reigns of various nonarchs, anobng others,
Shal maneser, Sennacheri b, Nebuchadrezzar."[9] This uncertainty as
to the years of reckoning again enphasizes the fact that the

sol ar year did not have for the Assyrian chronol ogy quite the

same significance that it has for us.

The Assyrian nonth comrenced on the eveni ng when the new nobon was
first observed, or, in case the noon was not visible, the new
month started thirty days after the |ast nonth. Since the actua

[ unar period is about twenty-nine and one-half days, a practica
adj ust rent was required between the nmonths thenselves, and this
was probably effected by counting alternate nonths as Only 29
days in length. M. R Canpbell Thonpson[10] is led by his
studies of the astrological tablets to enphasize this fact. He

believes that "the object of the astrological reports which
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related to the appearance of the nmoon and sun was to help
determ ne and foretell the length of the lunar nmonth." M.
Thonpson believes also that there is evidence to show that the
interculary nonth was added at a period | ess than six years. In
point of fact, it does not appear to be quite clearly established
as to precisely how the adjustnent of days with the |unar nonths,
and lunar nonths with the solar year, was effected. It is clear
however, according to Snmith, "that the first 28 days of every
nmonth were divided into four weeks of seven days each; the
seventh, fourteenth, twenty-first, twenty-eighth days
respectively being Sabbaths, and that there was a genera

prohi bition of work on these days." Here, of course, is the
foundati on of the Hebrew system of Sabbatical days which we have
i nherited. The sacredness of the number seven itself--the beli ef
in which has not been quite shaken off even to this day --was
deduced by the Assyrian astrononmer from his observation of the
seven planetary bodi es--nanely, Sin (the noon), Samas (the sun),
Urunpawddu (Jupiter), Dilbat (Venus), Kainmanu (Saturn), Gudud
(Mercury), Mustabarru-nmutanu (Mars).[11] Twel ve |l unar peri ods,
maki ng up approxi mately the sol ar year, gave peculiar inportance
to the nunmber twelve also. Thus the zodiac was divided into

twel ve signs which astrononmers of all subsequent tines have
continued to recogni ze; and the duodeci mal system of counting

t ook precedence with the Babyl oni an mat hemati ci ans over the nore

primtive and, as it seens to us, nore satisfactory decim

system

Anot her di screpancy between the Babyl oni an and Egyptian years

appears in the fact that the Babyl onian new year dates from about
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the period of the vernal equinox and not fromthe solstice.
Lockyer associates this with the fact that the periodica

i nundation of the Tigris and Euphrates occurs about the

equi noctial period, whereas, as we have seen, the Nile flood
cones at the tine of the solstice. It is but natural that so

i nportant a phenonenon as the Nile flood should make a strong

i mpressi on upon the mnds of a people living in a valley. The
fact that occasi onal excessive inundations have |led to nost

di sastrous results is evidenced in the incorporation of stories
of the alnobst total destruction of mankind by such fl oods anobng
the nmyth tales of all peoples who reside in valley countries. The
fl ooding of the Tigris and Euphrates had not, it is true, quite
the sane significance for the Mesopotami ans that the Nile flood
had for the Egyptians. Nevertheless it was a npbst inportant
phenonmenon, and may very readily be imagi ned to have been the
nost tangi ble index to the seasons. But in recognizing the tine
of the inundations and the vernal equinox, the Assyrians did not
det hrone the noon fromits accustoned precedence, for the year
was reckoned as commenci ng not precisely at the vernal equinox,

but at the new npon next before the equinox.

ASTROLOGY

Beyond marki ng the seasons, the chief interests that actuated the

Babyl oni an astrononmer in his observati ons were astrol ogi cal

After quoting Diodorus to the effect that the Babyl onian priests

observed the position of certain stars in order to cast
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hor oscopes, Thonpson tells us that froma very early day the very
name Chal dean becanme synonynmous wi th magician. He adds that "from
Mesopot ami a, by way of Greece and Rone, a certain amunt of
Babyl oni an astrol ogy nade its way anong the nations of the west,
and it is quite probable that nmany superstitions which we
commonly record as the peculiar product of western civilization
took their origin fromthose of the early dwellers on the

al luvial |ands of Mesopotam a. One Assurbanipal, king of Assyria
B.C. 668-626, added to the royal library at Nineveh his
contribution of tablets, which included many series of docunents
which rel ated exclusively to the astrol ogy of the ancient
Babyl oni ans, who in turn had borrowed it with nodifications from
the Sunerian invaders of the country. Anpng these nust be

menti oned the series which was commonly called 'the Day of Bel,"
and which was decreed by the |l earned to have been witten in the
time of the great Sargon |., king of Agade, 3800 B.C. Wth such
anci ent works as these to guide them the profession of deducing
onens fromdaily events reached such a pitch of inportance in the
| ast Assyrian Enpire that a system of naking periodical reports
came into being. By these the king was informed of all the
occurrences in the heavens and on earth, and the results of
astrological studies in respect to after events. The heads of the
astrol ogi cal profession were nmen of high rank and position, and
their office was hereditary. The variety of information contained
in these reports is best gathered fromthe fact that they were
sent fromcities as far renoved from each other as Assur in the
north and Erech in the south, and it can only be assuned that
they were despatched by runners, or men nounted on swift horses.

As reports also came from Di | bat, Kutba, N ppur, and Bursippa,
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all cities of ancient foundation, the king was probably wel

acquai nted with the general course of events in his enpire."[12]

From certai n passages in the astrol ogical tablets, Thonpson draws
the interesting conclusion that the Chal dean astrononers were
acquai nted with some kind of a machine for reckoning tinme. He
finds in one of the tablets a phrase which he interprets to nean
measur e- governor, and he infers fromthis the existence of a kind
of a calculator. He calls attention also to the fact that Sextus
Enmpiricus[13] states that the cl epsydra was known to the

Chal deans, and that Herodotus asserts that the G eeks borrowed
certain neasures of tinme fromthe Babyl oni ans. He finds further
corroboration in the fact that the Babyl onians had a tine-neasure
by which they divided the day and the night; a neasure called
kasbu, which contained two hours. In a report relating to the day
of the vernal equinox, it is stated that there are six kasbu of

the day and si x kasbu of the night.

Wil e the astrol ogers deduced their omens fromall the celestia
bodi es known to them they chiefly gave attention to the noon,
noting with great care the shape of its horns, and deduci ng such
a conclusion as that "if the horns are pointed the king wll
overcome whatever he goreth,” and that "when the noon is | ow at
its appearance, the subm ssion (of the people) of a far country
will conme."[14] The relations of the nmoon and sun were a source
of constant observation, it being noted whether the sun and noon
wer e seen together above the horizon; whether one set as the

other rose, and the |ike. And whatever the phenonena, there was
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al ways, of course, a direct association between such phenonena
and the well-being of human kind--in particular the king, at
whose instance, and doubtl ess at whose expense, the observations

were carried out.

From omens associated with the heavenly bodies it is but a step
to omens based upon ot her phenonmena of nature, and we, shall see
in a nonent that the Babyl onian prophets nmade free use of their
opportunities in this direction also. But before we turn fromthe
field of astronomy, it will be well to informourselves as to
what system the Chal dean astrononer had invented in explanation
of the nechanics of the universe. Qur answer to this inquiry is
not quite as definite as could be desired, the vagueness of the
records, no doubt, coinciding with the |like vagueness in the

m nds of the Chal deans thenselves. So far as we can interpret the
sonmewhat nystical references that have cone down to us, however,

t he Babyl oni an cosnol ogy woul d seemto have represented the earth
as a circular plane surrounded by a great circular river, beyond
whi ch rose an inpregnable barrier of mountains, and resting upon
an infinite sea of waters. The material vault of the heavens was
supposed to find support upon the outlying circle of nountains.
But the preci se mechani smthrough which the observed revol ution
of the heavenly bodies was effected remains here, as with the
Egypti an cosnol ogy, sonmewhat conjectural. The sinple fact woul d
appear to be that, for the Chal deans as for the Egyptians,
despite their nost careful observations of the tangible phenonena
of the heavens, no really satisfactory mechani cal conception of
the cosnps was attainable. W shall see in due course by what

faltering steps the European imgi nati on advanced from the crude
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i deas of Egypt and Babylonia to the relatively clear vision of

Newt on and Lapl ace.

CHALDEAN MAG C

We turn now fromthe field of the astrologer to the closely
allied province of Chal dean nmgic--a province which includes the
ot her; which, indeed, is so all- enconpassing as scarcely to

| eave any phase of Babyl oni an thought outside its bounds.

The tablets having to do with onens, exorcisnms, and the |ike
magi ¢ practices nmake up an astonishingly large proportion of the
Babyl oni an records. In viewing themit is hard to avoid the

concl usion that the superstitions which they evidenced absolutely
dom nated the life of the Babyl onians of every degree. Yet it

nmust not be forgotten that the greatest inconsistencies
everywhere exist between the superstitious beliefs of a people
and the practical observances of that people. No other problemis
so difficult for the historian as that which confronts hi mwhen
he endeavors to penetrate the nysteries of an alien religion; and
when, as in the present case, the superstitions involved have
been transmitted from generation to generation, their exact
practical phases as interpreted by any particul ar generation nust
be sonewhat problematical. The tabl ets upon which our know edge
of these onens is based are nany of themfromthe libraries of
the |l ater kings of Nineveh; but the onens thenselves are, in such

cases, inscribed in the original Accadian formin which they have
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come down fromrenote ages, acconpani ed by an Assyrian
translation. Thus the superstitions involved had back of them
hundreds of years, even thousands of years, of precedent; and we
need not doubt that the ideas with which they are associ ated were
i nterwoven with al nost every thought and deed of the life of the
peopl e. Professor Sayce assures us that the Assyrians and
Babyl oni ans counted no fewer than three hundred spirits of

heaven, and six hundred spirits of earth. "Like the Jews of the
Tal mud, " he says, "they believed that the world was swarm ng with
noxi ous spirits, who produced the various di seases to which man
is liable, and might be swallowed with the food and dri nk which
support life." Fox Talbot was inclined to believe that exorcisns
were the exclusive neans used to drive away the tornenting
spirits. This seens unlikely, considering the uniform association
of drugs with the magi cal practices anong their people. Yet there
is certainly a strange silence of the tablets in regard to

medi cine. Tal bot tells us that sonmetines divine i mages were
brought into the sick-chanber, and witten texts taken from holy
books were placed on the walls and bound around the sick man's
menbers. |If these failed, recourse was had to the influence of
the mamt, which the evil powers were unable to resist. On a
tablet, witten in the Accadi an | anguage only, the Assyrian

version being taken, however, was found the foll ow ng:

1. Take a white cloth. In it place the mamt,
2. in the sick man's right hand.

3. Take a bl ack cloth,

4. wap it around his left hand.

5. Then all the evil spirits (a long list of themis given)
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6. and the sins which he has commtted
7. shall quit their hold of him

8. and shall never return.

The synbolismof the black cloth in the left hand seenms evident.
The dying man repents of his former evil deeds, and he puts his
trust in holiness, synbolized by the white cloth in his right

hand. Then foll ow some obscure |ines about the spirits:

1. Their heads shall renpve from his head.
2. Their heads shall let go his hands.

3. Their feet shall depart fromhis feet.

VWi ch perhaps may be explained thus: we learn from another tablet
that the various classes of evil spirits troubled different parts
of the body; some injured the head, some the hands and the feet,
etc., therefore the passage before may nean "the spirits whose
power is over the hand shall |oose their hands fromhis," etc.
"But," concludes Talbot, "I can offer no decided opinion upon

such obscure points of their superstition."[15]

In regard to evil spirits, as el sewhere, the nunber seven had a
peculiar significance, it being held that that nunber of spirits
m ght enter into a nan together. Tal bot has translated[16] a

"wild chant" which he nanes "The Song of the Seven Spirits."

1. There are seven! There are seven!
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2. In the depths of the ocean there are seven!

3. In the heights of the heaven there are seven!

4. In the ocean streamin a pal ace they were born.

5. Male they are not: female they are not!

6. Wves they have not! Children are not born to them

7. Rules they have not! Governnent they know not!

8. Prayers they hear not!

9. There are seven! There are seven! Twi ce over there are

seven!

The tabl ets make frequent allusion to these seven spirits. One

starts thus:

1. The god (---) shall stand by his bedside;

2. These seven evil spirits he shall root out and shall expe
them from his body,

3. and these seven shall never return to the sick nman

again. [ 17]

Altogether simlar are the exorcisns intended to ward off

di sease. Professor Sayce has published translations of some of
these.[ 18] Each of these ends with the sane phrase, and they
differ only in regard to the particular mal adi es from which

freedomis desired. One reads:

"From wasting, fromwant of health, fromthe evil spirit of the

ul cer, fromthe spreading quinsy of the gullet, fromthe violent

ul cer, fromthe noxious ulcer, may the king of heaven preserve,
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may the king of earth preserve."”

Anot her is phrased thus:

"Fromthe cruel spirit of the head, fromthe strong spirit of the
head, fromthe head spirit that departs not, fromthe head spirit
that comes not forth, fromthe head spirit that will not go, from
t he noxi ous head spirit, may the king of heaven preserve, may the

king of earth preserve."

As to onens having to do with the affairs of everyday life the
nunber is |egion. For exanple, Moppert has published, in the
Journal Asiatique,[19] the translation of a tablet which contains
on its two sides several scores of birth-portents, a few of which

maybe quoted at random

"When a woman bears a child and it has the ears of a lion, a

strong king is in the country." "Wen a worman bears a child and
it has a bird's beak, that country is oppressed.” "Wen a woman
bears a child and its right hand is wanting, that country goes to
destruction." "When a wonman bears a child and its feet are
wanting, the roads of the country are cut; that house is
destroyed." "When a wonman bears a child and at the tine of its
birth its beard is grown, floods are in the country.” "Wen a
wormen bears a child and at the tinme of its birth its mouth is
open and speaks, there is pestilence in the country, the Air-god

i nundates the crops of the country, injury in the country is

caused. "
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Some of these portents, it will be observed, are not in nmuch
danger of realization, and it is curious to surm se by what
stretch of the inmgination they can have been invented. There is,
for exanmple, on the sanme tablet just quoted, one reference which
assures us that "when a sheep bears a lion the forces march

mul titudi nously; the king has not a rival." There are other

onens, however, that are so easy of realization as to lead one to
suppose that any Babyl oni an who regarded all the superstitious
signs nust have been in constant terror. Thus a tablet translated

by Professor Sayce[20] gives a long |ist of omens furnished by

dogs, in which we are assured that:

1. If a yellow dog enters into the palace, exit fromthat
pal ace will be bal eful.

2. If a dog to the pal ace goes, and on a throne lies down, that
pal ace i s burned.

3. if a black dog into a tenple enters, the foundation of that
tenple is not stable.

4. If femal e dogs one litter bear, destruction to the city.

It is needless to continue these citations, since they but
reiterate endl essly the sane story. It is interesting to recall
however, that the observations of animate nature, which were
doubt | ess superstitious in their notive, had given the
Babyl oni ans sone inklings of a knowl edge of classification. Thus,
according to Menant,[21] sone of the tablets from Ni neveh, which
are witten, as usual, in both the Sunmerian and Assyrian

| anguages, and which, therefore, like practically all Assyrian
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books, draw upon the know edge of ol d Babylonia, give lists of
ani mal s, making an attenpt at classification. The dog, lion, and
wol f are placed in one category; the ox, sheep, and goat in
another; the dog famly itself is divided into various races, as
the donestic dog, the coursing dog, the snmall dog, the dog of
Elan, etc. Sinmlar attenpts at classification of birds are found.
Thus, birds of rapid flight, sea-birds, and marsh-birds are
differentiated. Insects are classified according to habit; those
that attack plants, animals, clothing, or wood. Vegetabl es seem
to be classified according to their useful ness. One tabl et

enuner ates the uses of wood according to its adaptability for

ti mber-work of palaces, or construction of vessels, the naking of
i mpl enents of husbandry, or even furniture. Mnerals occupy a
long series in these tablets. They are classed according to their
qualities, gold and silver occupying a division apart; precious
stones form ng anot her series. Qur Babyl onians, then, nust be
credited with the devel opnent of a rudinmentary science of natura

hi story.

BABYLONI AN MEDI Cl NE

We have just seen that nedical practice in the Babylonian world
was strangely under the cloud of superstition. But it should be
understood that our estimate, through |ack of correct data,
probably does much | ess than justice to the attai nments of the
physician of the tine. As already noted, the existing tablets

chance not to throw nuch |light on the subject. It is known,
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however, that the practitioner of nedicine occupied a position of
some, authority and responsibility. The proof of this is found in
the clauses relating to the | egal status of the physician which
are contained in the now fanous code[ 22] of the Babyl oni an King
Khamur abi, who rei gned about 2300 years before our era. These

cl auses, though throwing no light on the scientific attainnents
of the physician of the period, are too curious to be omtted.
They are clauses 215 to 227 of the cel ebrated code, and are as

foll ows:

215. If a doctor has treated a man for a severe wound with a
| ancet of bronze and has cured the nman, or has opened a tunor
with a bronze | ancet and has cured the nman's eye, he shal

receive ten shekels of silver.

216. If it was a freedman, he shall receive five shekels of

silver.

217. If it was a man's slave, the owner of the slave shall give

the doctor two shekels of silver.

218. If a physician has treated a free-born man for a severe
wound with a lancet of bronze and has caused the man to die, or
has opened a tunor of the man with a |l ancet of bronze and has

destroyed his eye, his hands one shall cut off.

219. |If the doctor has treated the slave of a freedman for a
severe wound with a bronze | ancet and has caused himto die, he

shall give back slave for slave
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220. If he has opened his tunor with a bronze | ancet and has

ruined his eye, he shall pay the half of his price in noney.

221. |If a doctor has cured the broken |inb of a man, or has
heal ed his sick body, the patient shall pay the doctor five

shekel s of silver.

222. If it was a freedman, he shall give three shekels of silver.

223. If it was a man's slave, the owner of the slave shall give

two shekels of silver to the doctor

224. 1f the doctor of oxen and asses has treated an ox or an ass
for a grave wound and has cured it, the owner of the ox or the
ass shall give to the doctor as his pay one-sixth of a shekel of

silver.

225. |If he has treated an ox or an ass for a severe wound and has
caused its death, he shall pay one-fourth of its price to the

owner of the ox or the ass.
226. |f a barber-surgeon, w thout consent of the owner of a
sl ave, has branded the slave with an indelible mark, one shal

cut off the hands of that barber.

227. |1 f any one deceive the surgeon-barber and nake him brand a

slave with an indelible mark, one shall kill that man and bury
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himin his house. The barber shall swear, "I did not mark him

wittingly," and he shall be guiltless.

ESTI MATES OF BABYLONI AN SCI ENCE

Before turning fromthe Oiental world it is perhaps worth while
to attenpt to estinmate sonewhat specifically the world-influence
of the nanme, Babyl onian science. Perhaps we cannot better gain an
idea as to the estinmate put upon that science by the classica
wor |l d than through a somewhat extended quotation froma classica
aut hor. Di odorus Siculus, who, as already noted, |ived at about
the tinme of Augustus, and who, therefore, scanned in perspective
the entire sweep of classical Greek history, has left us a
striking summary which is doubly val uabl e because of its

conpari sons of Babylonian with Greek influence. Having viewed the
sci ence of Babylonia in the light of the interpretations nade
possi bl e by the recent study of original docunents, we are
prepared to draw our own conclusions fromthe statements of the
Greek historian. Here is his estimate in the words of the quaint

transl ati on made by Philenmon Holland in the year 1700:[ 23]

"They being the nobst ancient Babyl onians, hold the sanme station
and dignity in the Commopn-wealth as the Egyptian Priests do in
Egypt: For being deputed to Divine Ofices, they spend all their
Time in the study of Phil osophy, and are especially fanpus for
the Art of Astrology. They are mightily given to Divination, and

foretel future Events, and inploy thenselves either by
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Purifications, Sacrifices, or other Inchantnments to avert Evils,
or procure good Fortune and Success. They are skilful likew se in
the Art of Divination, by the flying of Birds, and interpreting
of Dreans and Prodigies: And are reputed as true Oracles (in
declaring what will cone to pass) by their exact and diligent
viewing the Intrals of the Sacrifices. But they attain not to
this Knowl edge in the same manner as the Grecians do; for the
Chal deans learn it by Tradition fromtheir Ancestors, the Son
fromthe Father, who are all in the nmean tine free fromall other
publick O fices and Attendances; and because their Parents are
their Tutors, they both |learn every thing w thout Envy, and rely
with nore confidence upon the truth of what is taught them and
being train'd up in this Learning, fromtheir very Chil dhood,

t hey become nobst fanous Phil osophers, (that Age being nost
capabl e of Learning, wherein they spend much of their tinme). But
the Grecians for the npbst part cone raw to this study, unfitted
and unprepar'd, and are |long before they attain to the Know edge
of this Philosophy: And after they have spent sonme small tinme in
this Study, they are many tinmes call'd off and forc'd to | eave
it, in order to get a Livelihood and Subsi stence. And al t hough
some, few do industriously apply thenselves to Phil osophy, yet
for the sake of Gain, these very Men are opinionative, and ever
and anon starting new and hi gh Points, and never fix in the steps
of their Ancestors. But the Barbarians keeping constantly cl ose
to the sane thing, attain to a perfect and distinct Know edge in

every particul ar.

"But the Grecians, cunningly catching at all Opportunities of
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Gai n, make new Sects and Parties, and by their contrary Opinions
wrangling and quarelling concerning the chiefest Points, |ead
their Scholars into a Maze; and being uncertain and doubtful what
to pitch upon for certain truth, their Mnds are fluctuating and
in suspence all the days of their Lives, and unable to give a
certain assent unto any thing. For if any Man will but exam ne
the nost em nent Sects of the Philosophers, he shall find them
much differing anong thensel ves, and even opposi ng one another in
the nost weighty parts of their Philosophy. But to return to the
Chal deans, they hold that the World is eternal, which had neither
any certain Beginning, nor shall have any End; but all agree,
that all things are order'd, and this beautiful Fabrick is
supported by a Divine Providence, and that the Mdtions of the
Heavens are not perform d by chance and of their own accord, but

by a certain and determ nate WIIl and Appointnment of the Gods.

"Therefore froma | ong observation of the Stars, and an exact
Know edge of the notions and influences of every one of them
wherein they excel all others, they fortel many things that are

to cone to pass.

"They say that the Five Stars which sone call Planets, but they
Interpreters, are nmost worthy of Consideration, both for their
noti ons and their remarkable influences, especially that which
the Grecians call Saturn. The brightest of themall, and which
often portends many and great Events, they call Sol, the other
Four they name Mars, Venus, Mercury, and Jupiter, with our own
Country Astrol ogers. They give the Nane of Interpreters to these

Stars, because these only by a peculiar Mtion do portend things
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to come, and instead of Jupiters, do declare to Men before-hand
the good- will of the Gods; whereas the other Stars (not being of
the nunber of the Planets) have a constant ordinary notion.
Future Events (they say) are pointed at sonetines by their

Ri sing, and sonetinmes by their Setting, and at other tinmes by
their Colour, as may be experienc'd by those that will diligently
observe it; sonetines foreshewi ng Hurricanes, at other tines
Tenpest uous Rains, and then agai n exceedi ng Droughts. By these,
they say, are often portended the appearance of Conets, Eclipses
of the Sun and Moon, Earthquakes and all other the various
Changes and remarkabl e effects in the Air, boding good and bad,
not only to Nations in general, but to Kings and Private Persons
in particular. Under the course of these Planets, they say are
Thirty Stars, which they call Counselling Gods, half of whom
observe what is done under the Earth, and the other half take
notice of the actions of Men upon the Earth, and what is
transacted in the Heavens. Once every Ten Days space (they say)
one of the highest Order of these Stars descends to themthat are
of the Iowest, |like a Messenger sent fromthem above; and then
agai n anot her ascends from those bel ow to them above, and that
this is their constant natural notion to continue for ever. The
chief of these Gods, they say, are Twelve in nunber, to each of
which they attribute a Month, and one Sign of the Twelve in the

Zodi ack.

"Through these Twel ve Signs the Sun, Mon, and the other Five

Pl anets run their Course. The Sun in a Years tinme, and the Mon

in the space of a Month. To every one of the Planets they assign
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their own proper Courses, which are perform d variously in |esser
or shorter time according as their several notions are quicker or
sl ower. These Stars, they say, have a great influence both as to
good and bad in Mens Nativities; and fromthe consideration of
their several Natures, may be foreknown what wll befal Men
afterwards. As they foretold things to cone to other Kings
formerly, so they did to Al exander who conquer'd Darius, and to
hi s Successors Antigonus and Sel eucus Nicator; and accordingly
things fell out as they declar'd; which we shall relate
particularly hereafter in a nore convenient tinme. They tel

i kewi se private Men their Fortunes so certainly, that those who
have found the thing true by Experience, have esteemd it a

M racl e, and above the reach of man to perform Qut of the Circle
of the Zodiack they descri be Four and Twenty Stars, Twelve

towards the North Pole, and as many to the South.

"Those which we see, they assign to the living; and the other
that do not appear, they conceive are Constellations for the
Dead; and they term them Judges of all things. The Mon, they
say, is in the lowest Ob; and being therefore next to the Earth
(because she is so small), she finishes her Course in alittle
time, not through the swiftness of her Mdtion, but the shortness
of her Sphear. In that which they affirm (that she has but a
borrow d |ight, and that when she is eclips'd, it's caus'd by the
interposition of the shadow of the Earth) they agree with the

Greci ans.

"Their Rules and Notions concerning the Eclipses of the Sun are

but weak and nean, which they dare not positively foretel, nor
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fix a certain tine for them They have |i kew se Opinions
concerning the Earth peculiar to thenselves, affirming it to
resenbl e a Boat, and to be hollow, to prove which, and other
things relating to the frame of the Wirld, they abound in
Argunents; but to give a particular Account of 'em we conceive
woul d be a thing foreign to our History. But this any Man may
justly and truly say, That the Chal deans far exceed all other Men
in the Know edge of Astrol ogy, and have study'd it npbst of any
other Art or Science: But the nunber of years during which the
Chal deans say, those of their Profession have given thenmselves to
the study of this natural Philosophy, is incredible; for when

Al exander was in Asia, they reckon'd up Four Hundred and Seventy
Thousand Years since they first began to observe the Mtions of

the Stars."

Let us now supplenent this estimate of Babylonian influence with
anot her estimate witten in our own day, and quoted by one of the
nost recent historians of Babylonia and Assyria.[24] The estinmate
in question is that of Canon Rawlinson in his Geat Oienta

Monar chi es. [ 25] OF Babyl oni a he says:

"Hers was apparently the genius which excogitated an al phabet;
wor ked out the sinpler problens of arithmetic; invented

i mpl enents for neasuring the | apse of tine; conceived the idea of
rai sing enornmous structures with the poorest of all materials,
clay; discovered the art of polishing, boring, and engraving

gens; reproduced with truthful ness the outlines of human and
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animal forms; attained to high perfection in textile fabrics;
studi ed with success the notions of the heavenly bodies;
conceived of grammar as a science; elaborated a system of |aw,
saw the val ue of an exact chronol ogy--in al nost every branch of
sci ence made a beginning, thus rendering it conparatively easy
for other nations to proceed with the superstructure.... It was
fromthe East, not from Egypt, that Greece derived her
architecture, her scul pture, her science, her philosophy, her
mat hemati cal know edge--in a word, her intellectual life. And
Babyl on was the source to which the entire stream of Eastern
civilization may be traced. It is scarcely too nuch to say that,
but for Babylon, real civilization m ght not yet have dawned upon

the earth."

Considering that a period of alnpbst two thousand years separates
the tines of witing of these two estimates, the estinmates
thensel ves are singularly in unison. They show that the greatest
of Oriental nations has not suffered in reputation at the hands
of posterity. It is indeed al nost inpossible to contenplate the
nonunment s of Babyl onian and Assyrian civilization that are now
preserved in the European and Anerican nuseuns W thout beconi ng
enthusiastic. That certainly was a wonderful civilization which
has left us the tablets on which are inscribed the |laws of a
Khamur abi on the one hand, and the art treasures of the pal ace of
an Asshurbani pal on the other. Yet a candid consideration of the
scientific attainments of the Babyl oni ans and Assyrians can
scarcely arouse us to a |like enthusiasm |In considering the

subj ect we have seen that, so far as pure science is concerned,
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the efforts of the Babyl onians and Assyrians chiefly centred
about the subjects of astrology and magic. Wth the records of
their ghost-haunted science fresh in nmnd, one mght be forgiven
for a nonentary desire to take issue with Canon Rawl i nson's
words. We are assured that the scientific attainnents of Europe
are alnost solely to be credited to Babylonia and not to Egypt,
but we should not forget that Plato, the greatest of the Geek

t hi nkers, went to Egypt and not to Babylonia to pursue his
studi es when he wished to penetrate the secrets of Orienta

sci ence and phil osophy. Clearly, then, classical G eece did not
consi der Babyl onia as having a nonopoly of scientific know edge,
and we of to-day, when we attenpt to weigh the new evidence that
has come to us in recent generations with the Babyl onian records
t hemsel ves, find that sonme, at |east, of the heritages for which
Babyl oni a has been praised are of nore than doubtful val ue.

Babyl oni a, for exanple, gave us our seven-day week and our system
of conputing by twelves. But surely the world could have got on
as well without that mmgic nunber seven; and after sone hundreds
of generations we are comng to feel that the deci mal system of
t he Egypti ans has advant ages over the duodeci mal system of the
Babyl oni ans. Agai n, the Babyl onians did not invent the al phabet;
they did not even accept it when all the rest of the world had
recogni zed its value. In grammar and arithnetic, as with
astronony, they seemed not to have advanced greatly, if at all
upon the Egyptians. One field in which they stand out in
startling pre- eminence is the field of astrology; but this, in
the estimte of nodern thought, is the very negation of science.

Babyl oni a i npressed her superstitions on the Western world, and
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when we consi der the bal eful influence of these superstitions, we
may al most question whether we m ght not reverse Canon

Rawl i nson's estimate and say that perhaps but for Babylonia rea
civilization, based on the application of true science, m ght
have dawned upon the earth a score of centuries before it did.
Yet, after all, perhaps this estimate is unjust. Society, |ike an
i ndi vidual organism mnust creep before it can wal k, and perhaps

t he Babyl oni an experinments in astrol ogy and nmagi c, which European
civilization was destined to copy for sonme three or four thousand
years, must have been nmade a part of the necessary evolution of
our race in one place or in another. That thought, however, need
not blind us to the essential fact, which the historian of

sci ence nust needs admit, that for the Babyl onian, despite his

boasted culture, science spelled superstition

V. THE DEVELOPMENT COF THE ALPHABET

Before we turn specifically to the new world of the west, it
remains to take note of what may perhaps be regarded as the very
greatest achi evenment of ancient science. This was the anal ysis of
speech sounds, and the resulting devel opment of a system of

al phabetical witing. To conprehend the series of scientific

i nductions which led to this result, we nust go back in

i magi nati on and trace briefly the devel opnment of the nethods of
recordi ng thought by neans of graphic synbols. In other words, we
nmust trace the evolution of the art of witing. In doing so we

cannot hold to national lines as we have done in the preceding
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two chapters, though the efforts of the two great scientific

nati ons just considered will enter promnently into the story.

The fam liar Greek | egend assures us that a Phoenician naned
Kadmus was the first to bring a know edge of letters into Europe.
An el aboration of the story, current throughout classical tines,
of fered the further explanation that the Phoenicians had in turn
acquired the art of witing fromthe Egyptians or Babyl oni ans.
Knowl edge as to the true origin and devel opnent of the art of
writing did not extend in antiquity beyond such vagaries as

t hese. Nineteenth-century studies gave the first real clews to an
under st andi ng of the subject. These studies tended to
authenticate the essential fact on which the | egend of Kadnus was
founded; to the extent, at |least, of naking it probable that the
| ater Grecian al phabet was introduced from Phoenici a--though not,
of course, by any individual naned Kadnus, the latter being,

i ndeed, a nanme of purely Greek origin. Further studies of the
past generation tended to corroborate the ancient belief as to
the original source of the Phoenician al phabet, but divided

schol ars between two opinions: the one contending that the
Egypti an hi erogl yphics were the source upon which the Phoenici ans
drew; and the other contending with equal fervor that the

Babyl oni an wedge character mnmust be conceded that honor.

But, as has often happened in other fields after years of
acrinoni ous controversy, a new discovery or two may suffice to
show that neither contestant was right. After the Egyptol ogists

of the school of De Rouge[l] thought they had denponstrated that
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the fam liar synbols of the Phoenician al phabet had been copied
fromthat nodified form of Egyptian hieroglyphics known as the
hieratic witing, the Assyriologists cane forward to prove that
certain characters of the Babylonian syllabary also show a

i keness to the al phabetical characters that seenmingly could not
be due to chance. And then, when a settlenment of the dispute
seened al nost hopel ess, it was shown through the Egyptian
excavations that characters even nore closely resenbling those in
di spute had been in use all about the shores of the
Medi t erranean, quite independently of either Egyptian or Assyrian

witings, fromperiods so ancient as to be virtually prehistoric.

Coupled with this disconcerting discovery are the revel ations
brought to |ight by the excavations at the sites of Knossos and
other long-buried cities of the island of Crete.[2] These
excavations, which are still in progress, show that the art of
writing was known and practised i ndependently in Crete before
that cataclysmic overthrow of the early Greek civilization which
archaeol ogi sts are accustoned to ascribe to the hypothetica

i nvasion of the Dorians. The significance of this is that the art
of writing was known in Europe |long before the advent of the
nmyt hi cal Kadnmus. But since the early Cretan scripts are not to be
identified with the scripts used in Greece in historical tines,
whereas the latter are undoubtedly of |ineal descent fromthe
Phoeni ci an al phabet, the validity of the Kadnus | egend, in a

modi fied form nust still be adm tted.

As has just been suggested, the new know edge, particularly that

which related to the great antiquity of characters simlar to the
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Phoeni ci an al phabetical signs, is sonewhat disconcerting. Its
general trend, however, is quite in the same direction w th nost
of the new archaeol ogi cal know edge of recent decades---that is
to say, it tends to enphasize the idea that human civilization in
nost of its inportant el aborations is vastly ol der than has
hitherto been supposed. It may be added, however, that no
definite clews are as yet available that enable us to fix even an
approximate date for the origin of the Phoenician al phabet. The
signs, to which reference has been nade, nmay well have been in
exi stence for thousands of years, utilized nerely as property

mar ks, symbols for counting and the |ike, before the idea of
setting them asi de as phonetic synbols was ever conceived.
Nothing is nore certain, in the judgnent of the present-day

i nvestigator, than that man learned to wite by slow and painfu
stages. It is probable that the conception of such an analysis of
speech sounds as woul d make the i dea of an al phabet possible cane
at a very late stage of social evolution, and as the cul m nating
achi evenent of a long series of inprovenents in the art of
witing. The precise steps that marked this path of intellectua
devel opnent can for the nobst part be known only by inference; yet
it is probable that the main chapters of the story may be

reproduced with essential accuracy.

FI RST STEPS

For the very first chapters of the story we nust go back in

i magi nation to the prehistoric period. Even barbaric man feels
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the need of self-expression, and strives to make his ideas

mani fest to other nmen by pictorial signs. The cave-dwellers
scratched pictures of nen and animals on the surface of a

rei ndeer horn or manmoth tusk as menentos of his prowess. The
American I ndi an does essentially the same thing to-day, naking
pi ctures that crudely record his successes in war and the chase.
The Northern Indian had got no farther than this when the white
man di scovered Anmerica; but the Aztecs of the Southwest and the
Maya peopl e of Yucatan had carried their picture- making to a
much hi gher state of elaboration.[3] They had devel oped systens
of pictographs or hieroglyphics that woul d doubtless in the
course of generations have been el aborated into al phabetica
systens, had not the Europeans cut off the civilization of which

they were the highest exponents.

What the Aztec and Maya were striving towards in the sixteenth
century A D., various Oriental nations had attained at |east five
or six thousand years earlier. In Egypt at the tine of the
pyram d- bui | ders, and in Babyl onia at the sane epoch, the people
had devel oped systens of witing that enabled them not nerely to
present a limted range of ideas pictorially, but to express in
full elaboration and with finer shades of neaning all the ideas
that pertain to highly cultured exi stence. The man of that tine
made records of mlitary achi evenents, recorded the transactions
of every-day business life, and gave expression to his noral and
spiritual aspirations in a way strangely conparable to the manner
of our own tinme. He had perfected highly el aborate systens of

writing.
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EGYPTI AN WRI TI NG

O the two ancient systens of witing just referred to as being
in vogue at the so-called dawni ngs of history, the nore

pi cturesque and suggestive was the hieroglyphic system of the
Egyptians. This is a curiously conglonerate system of witing,
made up in part of synbols reminiscent of the crudest stages of
picture-witing, in part of synbols having the phonetic val ue of
syllables, and in part of true al phabetical letters. In a word,
the Egyptian witing represents in itself the elenments of the
various stages through which the art of witing has devel oped. [ 4]
We nust conceive that new features were fromtine to tine added

toit, while the old features, curiously enough, were not given

up.

Here, for exanple, in the mdst of unintelligible Iines and
pot - hooks, are various pictures that are instantly recogni zabl e
as representati ons of hawks, lions, ibises, and the like. It can
hardly be questioned that when these pictures were first used
calligraphically they were neant to represent the idea of a bird
or animal. In other words, the first stage of picture-witing did
not go beyond the nmere representation of an eagle by the picture
of an eagle. But this, obviously, would confine the presentation
of ideas within very narrow linmts. In due course sonme inventive
geni us concei ved the thought of synbolizing a picture. To himthe
outline of an eagle m ght represent not nerely an actual bird,

but the thought of strength, of courage, or of sw ft progress.
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Such a use of synbols obviously extends the range of utility of a
nascent art of writing. Then in due course sonme wonderfu
psychol ogi st--or perhaps the joint efforts of many generations of
psychol ogi st s--nmade the astoundi ng di scovery that the human

voi ce, which seenms to flow on in an unbroken stream of endl essly
vari ed nodul ati ons and intonations, may really be analyzed into a
conparatively limted nunber of conmponent sounds--into a few
hundreds of syllables. That wonderful idea conceived, it was only
a matter of time until it would occur to sone other enterprising
geni us that by selecting an arbitrary symbol to represent each
one of these elenentary sounds it would be possible to make a
written record of the words of human speech which could be
reproduced- - rephonat ed- - by some one who had never heard the words
and did not know in advance what this witten record contai ned.
This, of course, is what every child |learns to do now in the
primer class, but we nmay feel assured that such an idea never
occurred to any human being until the peculiar fornms of

pi ctographic witing just referred to had been practised for nany
centuries. Yet, as we have said, sonme genius of prehistoric Egypt
conceived the idea and put it into practical execution, and the
hi erogl yphic witing of which the Egyptians were in ful
possession at the very beginning of what we termthe historica
peri od made use of this phonetic systemalong with the

i deogr aphi c system al ready descri bed.

So fond were the Egyptians of their pictorial synbols used
i deographically that they clung to them persistently throughout
the entire period of Egyptian history. They used synbol s as

phonetic equival ents very frequently, but they never |earned to
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depend upon them excl usively. The scribe always interspersed his
phonetic signs with sone other signs intended as graphic aids.
After spelling a word out in full, he added a picture, sonetines
even two or three pictures, representative of the individua
thing, or at least of the type of thing to which the word

bel ongs. Two or three illustrations will make this clear

Thus geften, nonkey, is spelled out in full, but the picture of a
nonkey is added as a determ native; second, genu, cavalry, after
bei ng spelled, is nmade unequi vocal by the introduction of a
picture of a horse; third, temati, w ngs, though spelled

el aborately, has pictures of wi ngs added; and fourth, tatu,
quadrupeds, after being spelled, has a picture of a quadruped,
and then the picture of a hide, which is the usual determnative
of a quadruped, followed by three dashes to indicate the plura

nunber .

It nmust not be supposed, however, that it was a nere whi m which
| ed the Egyptians to the use of this system of determ natives.

There was sound reason back of it. It anpunted to no nore than

t he expedi ent we adopt when we spell "to," "two," or "too," in

i ndication of a single sound with three different neanings. The
Egypti an | anguage abounds in words having nore than one neaning,
and in witing these it is obvious that some means of distinction
is desirable. The sane thing occurs even nore frequently in the
Chi nese | anguage, which is nonosyllabic. The Chinese adopt a nore
clunsy expedi ent, supplying a different synmbol for each of the

meani ngs of a syllable; so that while the actual word-sounds of
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their speech are only a few hundreds in nunber, the characters of

their witten | anguage nmount high into the thousands.

BABYLONI AN VRI TI NG

While the civilization of the Nile Valley was developing this
extraordi nary system of hieroglyphics, the inhabitants of

Babyl oni a were practising the art of witing al ong somewhat
different lines. It is certain that they began with

pi cture-maki ng, and that in due course they advanced to the
devel opnent of the syllabary; but, unlike their Egyptian cousins,
the nen of Babylonia saw fit to discard the old system when they
had perfected a better one.[5] So at a very early day their
witing--as revealed to us now through the recent
excavations--had ceased to have that pictorial aspect which

di stingui shes the Egyptian script. What had originally been

pi ctures of objects--fish, houses, and the |like--had conme to be
represented by nere aggregati ons of wedge-shaped marks. As the
writing of the Babvlonians was chiefly inscribed on soft clay,
the adaptation of this wedge-shaped mark in lieu of an ordinary
line was probably a nmere matter of convenience, since the

shar p-cornered i npl enent used in making the inscription naturally
made a wedge-shaped inpression in the clay. That, however, is a
detail. The essential thing is that the Babyl onian had so fully
anal yzed the speech-sounds that he felt entire confidence in
them and having selected a sufficient nunber of conventiona
characters--each made up of wedge-shaped lines--to represent al

t he phonetic sounds of his |anguage, spelled the words out in
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syl l ables and to sone extent dispensed with the determ native
signs which, as we have seen, played so prom nent a part in the
Egyptian witing. His cousins the Assyrians used habitually a
system of writing the foundation of which was an el aborate
phonetic syllabary; a system therefore, far renoved fromthe old
crude pictograph, and in some respects nmuch nore devel oped than
the conplicated Egyptian nethod; yet, after all, a systemthat

st opped short of perfection by the wi de gap that separates the

syl l abary fromthe true al phabet.

A brief analysis of speech sounds will aid us in understanding
the real nature of the syllabary. Let us take for consideration
the consonantal sound represented by the letter b. A noment's
consideration will nmake it clear that this sound enters into a

| ar ge number of syllables. There are, for exanple, at |east
twenty vowel sounds in the English | anguage, not to speak of
certain digraphs; that is to say, each of the inportant vowels
has fromtwo to six sounds. Each of these vowel sounds nmay enter
into conbination with the b sound alone to formthree syll ables;
as ba, ab, bal, be, eb, bel, etc. Thus there are at |east sixty
b-sound syllables. But this is not the end, for other consonanta
sounds may be associated in the syllables in such conbinations as
bad, bed, bar, bark, cab, etc. As each of the other twenty odd
consonantal sounds may enter into simlar combinations, it is
obvious that there are several hundreds of fundanental syllables
to be taken into account in any syllabic systemof witing. For
each of these syllables a synbol nmust be set aside and held in

reserve as the representative of that particular sound. A perfect
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syl |l abary, then, would require sone hundred or nore of symbols to
represent b sounds al one; and since the sounds for ¢, d, f, and
the rest are equally varied, the entire syllabary would run into
t housands of characters, alnopst rivalling in conplexity the

Chi nese system But in practice the nost perfect syllabary, Such
as that of the Babylonians, fell short of this degree of

preci sion through ignoring the m nor shades of sound; just as our
own al phabet is content to represent sone thirty vowel sounds by
five letters, ignoring the fact that a, for exanple, has really
hal f a dozen distinct phonetic values. By such slurring of sounds
the syllabary is reduced far belowits ideal limts; yet even so

it retains three or four hundred characters.

In point of fact, such a work as Professor Delitzsch's Assyrian
Granmar [ 6] presents signs for three hundred and thirty-four
syl | abl es, together with sundry alternative signs and
deternminatives to tax the nenory of the woul d-be reader of
Assyrian. Let us take for exanple a few of the b sounds. It has
been expl ai ned that the basis of the Assyrian witten character
is a sinple wedge-shaped or arrow head mark. Variously repeated

and grouped, these marks nmake up the syllabic characters.

To | earn some four hundred such signs as these was the task set,
as an equi valent of learning the a b ¢c's, to any priner class in
old Assyria in the | ong generations when that |and was the
culture Centre of the world. Nor was the task confined to the
nati ves of Babylonia and Assyria al one. About the fifteenth
century B.C., and probably for a long time before and after that

period, the exceedingly conplex syllabary of the Babyl oni ans was
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the official means of communi cation throughout western Asia and
bet ween Asia and Egypt, as we know fromthe chance di scovery of a
collection of letters belonging to the Egyptian ki ng Khun-aten,
preserved at Tel-el-Amarna. In the tinme of Ranses the Great the
Babyl onian writing was in all probability considered by a
majority of the nost highly civilized people in the world to be
the nost perfect script practicable. Doubtless the average scribe
of the tine did not in the least realize the waste of energy
involved in his labors, or ever suspect that there could be any

better way of witing.

Yet the anal ysis of any one of these hundreds of syllables into
its conmponent phonetic el enents--had any one been geni us enough
to make such anal ysis-- ould have given the key to sinpler and
better things. But such an analysis was very hard to nake, as the
sequel shows. Nor is the utility of such an analysis

sel f-evident, as the experience of the Egyptians proved. The
vowel sound is so intimately |inked with the consonant--the
con-sonant, inmplying this intimte relation in its very
name--that it seemed extrenmely difficult to give it individua
recognition. To set off the nere |abial beginning of the sound by
itself, and to recognize it as an all-essential elenent of
phonati on, was the feat at which human intelligence so |ong

bal ked. The germof great things lay in that analysis. It was a
process of sinplification, and all art developnent is fromthe
conplex to the sinple. Unfortunately, however, it did not seema
sinplification, but rather quite the reverse. W may well| suppose

that the idea of westing fromthe syllabary its secret of
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consonants and vowel s, and giving to each consonantal sound a

di stinct sign, seemed a nost cunbersonme and enbarrassing
conplication to the ancient scholars--that is to say, after the
time arrived when any one gave such an idea expression. W can

i magi ne them saying: "You will oblige us to use four signs
instead of one to wite such an elenmentary syllable as 'bard,"
for exanple. Qut upon such endless perplexity!”™ Nor is such a
suggestion purely gratuitous, for it is an historical fact that
the old syllabary continued to be used in Babylon hundreds of
years after the al phabetical system had been introduced.[7]
Customis everything in establishing our prejudices. The Japanese
to-day rebel against the introduction of an al phabet, thinking it

anbi guous.

Yet, in the end, conservatism always yields, and so it was with
opposition to the al phabet. Once the idea of the consonant had
been firmy grasped, the old syllabary was dooned, though
generations of time mght be required to conplete the

obsequi es--generations of tine and the influence of a new nation

We have now to inquire how and by whom this advance was made.

THE ALPHABET ACHI EVED

We cannot believe that any nation could have vaulted to the fina
stage of the sinple al phabetical witing without tracing the
devious and difficult way of the pictograph and the syllabary. It
i s possible, however, for a cultivated nation to build upon the

shoul ders of its neighbors, and, profiting by the experience of
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others, to mamke sudden | eaps upward and onward. And this is

seem ngly what happened in the final devel opnent of the art of
writing. For while the Babyl onians and Assyrians rested content
with their el aborate syllabary, a nation on either side of them
geographi cally speaki ng, solved the problem which they perhaps
did not even recognize as a problem wested fromtheir syllabary
its secret of consonants and vowels, and by adopting an arbitrary
sign for each consonantal sound, produced that npost wonderful of

human i nventions, the al phabet.

The two nations credited with this wonderful achi evenent are the
Phoeni ci ans and the Persians. But it is not usually conceded that
the two are entitled to anything |i ke equal credit. The Persians,
probably in the time of Cyrus the Great, used certain characters
of the Babylonian script for the construction of an al phabet; but
at this time the Phoenician al phabet had undoubtedly been in use
for sone centuries, and it is nore than probable that the Persian
borrowed his idea of an al phabet from a Phoenician source. And
that, of course, nakes all the difference. Granted the idea of an
al phabet, it requires no great reach of constructive genius to
supply a set of al phabetical characters; though even here, it may
be added parenthetically, a study of the devel opnent of al phabets
wi |l show that mankind has all along had a characteristic

propensity to copy rather than to invent.

Regar di ng the Persian al phabet-nmaker, then, as a copyi st rather

than a true inventor, it remains to turn attention to the

Phoeni ci an source whence, as is commonly believed, the origina
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al phabet whi ch became "the nother of all existing al phabets" cane
into being. It nust be admitted at the outset that evidence for

t he Phoenician origin of this al phabet is traditional rather than
denonstrative. The Phoenicians were the great traders of
antiquity; undoubtedly they were largely responsible for the
transm ssi on of the al phabet fromone part of the world to

anot her, once it had been invented. Too much credit cannot be
given themfor this; and as the world al ways honors hi mwho nakes
an idea fertile rather than the originator of the idea, there can
be little injustice in continuing to speak of the Phoenicians as
the inventors of the al phabet. But the actual facts of the case
wi || probably never be known. For aught we know, it nay have been
sonme dreamy-eyed |Israelite, some Babyl oni an phil osopher, sone
Egypti an nystic, perhaps even sone obscure Cretan, who gave to

t he hard- headed Phoenician trader this conception of a

di smenbered syllable with its all-essential, elenental,

wonder -wor ki ng consonant. But it is futile nowto attenpt even to
surm se on such unfathomable details as these. Suffice it that
the anal ysis was made; that one sign and no nore was adopted for
each consonantal sound of the Semitic tongue, and that the entire
cunber sone nechani sm of the Egyptian and Babyl onian witing
systens was rendered obsol escent. These systens did not yield at
once, to be sure; all human experience woul d have been set at
naught had they done so. They held their own, and nmuch nore than
held their own, for many centuries. After the Phoenicians as a
nati on had ceased to have inportance; after their original script
had been endl essly nodified by many alien nations; after the
original al phabet had made the conquest of all civilized Europe

and of far outlying portions of the Orient--the Egyptian and
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Babyl oni an scribes continued to indite their missives in the sane

ol d pictographs and syl | abl es.

The inventive thinker nust have been struck with amazenment when,
after making the fullest analysis of speech-sounds of which he
was capable, he found hinmself supplied with only a score or so of
synmbols. Yet as regards the consonantal sounds he had exhausted
the resources of the Semitic tongue. As to vowels, he scarcely
considered themat all. It seened to himsufficient to use one
synmbol for each consonantal sound. This reduced the hitherto
conpl ex mechani smof witing to so sinple a systemthat the

i nventor nust have regarded it with sheer delight. On the other
hand, the conservative schol ar doubtless thought it distinctly
ambi guous. In truth, it nust be admitted that the system was
imperfect. It was a vast inprovement on the old syllabary, but it
had its drawbacks. Perhaps it had been nade a bit too sinple;
certainly it should have had synbols for the vowel sounds as wel
as for the consonants. Neverthel ess, the vowel -1 acking al phabet
seens to have taken the popular fancy, and to this day Semtic
peopl e have never supplied its deficiencies save with certain

dots and points.

Peopl es using the Aryan speech soon saw t he defect, and the
Greeks supplied synbols for several new sounds at a very early
day.[8] But there the matter rested, and the al phabet has
remai ned i nperfect. For the purposes of the English |anguage
there should certainly have been added a dozen or nore new

characters. It is clear, for exanple, that, in the interest of
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explicitness, we should have a separate symbol for the vowe
sound in each of the follow ng syllables: bar, bay, bann, ball

to cite a single illustration.

There is, to be sure, a seemngly valid reason for not extending
our al phabet, in the fact that in multiplying syllables it would
be difficult to select characters at once easy to make and
unambi guous. Moreover, the conservatives mght point out, with
telling effect, that the present al phabet has proved adm rably
effective for about three thousand years. Yet the fact that our
dictionaries supply diacritical marks for some thirty vowels
sounds to indicate the pronunciation of the words of our
every-day speech, shows how we | et nmenory and guessing do the
wor k that night reasonably be demanded of a really conplete

al phabet. But, whatever its defects, the existing al phabet is a
marvel | ous piece of nmechanism the result of thousands of years
of intellectual effort. It is, perhaps w thout exception, the
nost stupendous invention of the human intellect within

hi storical tines--an achievenent taking rank with such great
prehistoric discoveries as the use of articul ate speech, the
maki ng of a fire, and the invention of stone inplenents, of the
wheel and axle, and of picture-witing. It nmade possible for the
first tinme that education of the masses upon which all |ater

progress of civilization was so |largely to depend.

V. THE BEG NNI NGS OF GREEK SCI ENCE
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Her odotus, the Father of History, tells us that once upon a

ti me--which tine, as the nodern conputator shows us, was about
the year 590 B.C. --a war had risen between the Lydians and the
Medes and continued five years. "In these years the Medes often
di sconfited the Lydi ans and the Lydians often disconfited the
Medes (and anmong ot her things they fought a battle by night); and
yet they still carried on the war with equally bal anced
fortitude. In the sixth year a battle took place in which it
happened, when the fight had begun, that suddenly the day becane
night. And this change of the day Thales, the MIlesian, had
foretold to the lonians, laying down as a linmt this very year in
whi ch the change took place. The Lydi ans, however, and the Medes,
when they saw that it had becone night instead of day, ceased
fromtheir fighting and were nmuch nore eager, both of them that

peace shoul d be nmade between them”

Thi s menorabl e i ncident occurred while Alyattus, father of
Croesus, was king of the Lydians. The nodern astrononer,
reckoni ng backward, estimates this eclipse as occurring probably
May 25th, 585 B.C. The date is inportant as fixing a m |l e-stone
in the chronol ogy of ancient history, but it is doubly nenorable
because it is the first recorded i nstance of a predicted eclipse.
Her odotus, who tells the story, was not born until about one
hundred years after the incident occurred, but tinme had not

di med the fanme of the man who had performed the necronmantic feat
of prophecy. Thales, the Mlesian, thanks in part at least to
this acconplishnment, had been known in life as first on the I|ist

of the Seven Wse Men of Greece, and had passed into history as
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the father of Greek philosophy. W may add that he had even found
wi der popul ar fame through being named by Hi ppol ytus, and then by
Fat her aesop, as the phil osopher who, intent on studying the

heavens, fell into a well; "whereupon," says Hippolytus, "a
mai d- servant naned Thratta | aughed at himand said, 'In his
search for things in the sky he does not see what is at his

feet.'

Such citations as these serve to bring vividly to mind the fact
that we are entering a new epoch of thought. H therto our studies
have been inpersonal. Anong Egypti ans and Babyl oni ans al i ke we
have had to deal with classes of scientific records, but we have
scarcely cone across a single nanme. Now, however, we shall begin
to find records of the work of individual investigators. In
general, fromnow on, we shall be able to trace each great idea,
if not toits originator, at |least to sone one man of geni us who
was prominent in bringing it before the world. The first of these
vitalizers of thought, who stands out at the beginnings of G eek
history, is this same Thales, of Mletus. His is not a very
sharply defined personality as we | ook back upon it, and we can
by no means be certain that all the discoveries which are
ascribed to himare specifically his. O his individuality as a
man we know very little. It is not even quite certain as to where
he was born; Mletus is usually accepted as his birthplace, but
one tradition makes himby birth a Phenician. It is not at all in
guestion, however, that by blood he was at |least in part an
lonian Greek. It will be recalled that in the seventh century
B.C., when Thales was born--and for a long tinme thereafter--the

eastern shores of the aegean Sea were quite as pronminently the
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centre of Greek influence as was the peninsula of Greece itself.
Not nerely Thales, but his followers and disciples, Anaxi mander
and Anaxi menes, were born there. So al so was Herodotas, the

Fat her of History, not to extend the list. There is nothing
anomal ous, then, in the fact that Thales, the father of G eek

t hought, was born and passed his life on soil that was not
geographically a part of Greece; but the fact has an inportant
signi ficance of another kind. Thanks to his environnment, Thal es
was necessarily brought nore or less in contact with Orienta

i deas. There was close comercial contact between the land of his
nativity and the great Babylonian capital off to the east, as

al so with Egypt. Doubtless this association was of influence in
shapi ng the devel opment of Thales's mind. Indeed, it was an
accepted tradition throughout classical tinmes that the M| esian
phi | osopher had travelled in Egypt, and had there gained at |east
the rudi nents of his know edge of geonetry. In the fullest sense,
then, Thales nmay be regarded as representing a link in the chain
of thought connecting the learning of the old Orient with the
nascent schol arship of the new Cccident. Occupying this position
it is fitting that the personality of Thales shoul d partake
somewhat of nystery; that the scene nmay not be shifted too
suddenly fromthe vague, inpersonal East to the individualism of

Eur ope.

Al of this, however, nust not be taken as casting any doubt upon
the exi stence of Thales as a real person. Even the dates of his
life--640 to 546 B.C. --may be accepted as at | east approxi mately

trustworthy; and the specific discoveries ascribed to him
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illustrate equally well the stage of devel opnent of Greek

t hought, whether Thal es hinself or one of his imediate disciples
were the discoverer. W have already nentioned the feat which was
said to have given Thales his great reputation. That Thal es was
universally credited with having predicted the fanmous eclipse is
beyond question. That he actually did predict it in any precise
sense of the word is open to doubt. At all events, his prediction
was not based upon any such preci se know edge as that of the
nodern astrononer. There is, indeed, only one way in which he
could have foretold the eclipse, and that is through know edge of
the regul ar succession of preceding eclipses. But that know edge
i mplies access on the part of sone one to |long series of records
of practical observations of the heavens. Such records, as we
have seen, existed in Egypt and even nore notably in Babyl onia.
That these records were the source of the information which
establ i shed the reputation of Thales is an unavoi dabl e inference.
In other words, the magical prevision of the father of G eek

t hought was but a reflex of Oriental wisdom Nevertheless, it
sufficed to establish Thales as the father of G eek astronony. In
poi nt of fact, his actual astronom cal attainments woul d appear
to have been neagre enough. There is nothing to show that he

gai ned an inkling of the true character of the solar system He
did not even recogni ze the sphericity of the earth, but held,
still following the Oriental authorities, that the world is a
flat disk. Even his fanmous cosnobgoni c guess, according to which
water is the essence of all things and the prinordial element out
of which the earth was devel oped, is but an el aboration of the

Babyl oni an concepti on.
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VWhen we turn to the other field of thought with which the name of
Thal es i s associ at ed--nanely, geonetry--we again find evidence of
the Oriental influence. The science of geonetry, Herodotus
assures us, was invented in Egypt. It was there an em nently
practical science, being applied, as the nanme literally suggests,
to the measurenent of the earth's surface. Herodotus tells us
that the Egyptians were obliged to cultivate the science because
the periodical inundations washed away t he boundary-1lines between
their farms. The prinitive geoneter, then, was a surveyor. The
Egyptian records, as now revealed to us, show that the science
had not been carried far in the land of its birth. The Egyptian
geoneter was able to neasure irregular pieces of land only
approximately. He never fully grasped the idea of the

per pendi cul ar as the true index of measurenent for the triangle,
but based his cal cul ati ons upon neasurenments of the actual side
of that figure. Nevertheless, he had |learned to square the circle
with a close approximation to the truth, and, in general, his
measurenent sufficed for all his practical needs. Just how nuch
of the geonetrical know edge which added to the fame of Thal es
was borrowed directly fromthe Egyptians, and how much he
actually created we cannot be sure. Nor is the question raised in
di sparagenent of his genius. Receptivity is the first
prerequisite to progressive thinking, and that Thal es reached out
after and inbi bed portions of Oriental wisdomargues in itself
for the creative character of his genius. \Whether borrower of
originator, however, Thales is credited with the expression of

the foll owing geonetrical truths:
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1. That the circle is bisected by its dianeter.

2. That the angles at the base of an isosceles triangle are

equal .

3. That when two straight |ines cut each other the vertica

opposite angl es 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.

It was by the application of the |ast of these principles that
Thales is said to have perforned the really notable feat of
measuring the distance of a ship fromthe shore, his nmethod being
precisely the sane in principle as that by which the guns are
sighted on a nodern nman-of -war. Another practical denopnstration
whi ch Thal es was credited with naking, and to which also his
geonetrical studies led him was the neasurement of any tal

obj ect, such as a pyramd or building or tree, by neans of its
shadow. The net hod, though sinple enough, was ingenious. It
consisted nmerely in observing the nonment of the day when a

per pendi cul ar stick casts a shadow equal to its own | ength.
Cbviously the tree or nmonunent would al so cast a shadow equal to
its own height at the same nmonent. It remmins then but to neasure
the length of this shadow to determnine the height of the object.
Such feats as this evidence the practicality of the genius of

Thal es. They suggest that Greek science, guided by inmagination

Get any book for free on: www.Abika.com



A History of Science

was starting on the high-road of observation. W are told that
Thal es conceived for the first tinme the geonetry of lines, and
that this, indeed, constituted his real advance upon the
Egyptians. W are told also that he conceived the eclipse of the
sun as a purely natural phenonenon, and that herein lay his
advance upon the Chal dean point of view. But if this be true
Thal es was greatly in advance of his tinme, for it will be
recalled that fully two hundred years |ater the G eeks under

Ni ci as before Syracuse were so di sconcerted by the appearance of
an eclipse, which was interpreted as a direct onen and war ni ng,
that Nicias threw away the | ast opportunity to rescue his arny.
Thucydides, it is true, in recording this fact speaks

di sparagi ngly of the superstitious bent of the m nd of Nicias,

but Thucydi des also was a man far in advance of his tine.

Al that we know of the psychology of Thales is summed up in the

famus maxi m "Know thysel f," a maxi m which, taken in connection
with the proven receptivity of the philosopher's mnd, suggests

to us a marvellously rounded personality.

The di sci pl es or successors of Thal es, Anaxi mander and

Anaxi menes, were credited with advanci ng know edge through the
i nvention or introduction of the sundial. W may be sure,
however, that the gnonon, which is the rudinmentary sundial, had
been known and used fromrenpote periods in the Orient, and the
nost that is probable is that Anaxi mander nmay have el aborated
some speci al design, possibly the bow - shaped sundial, through

whi ch the shadow of the gnonon would indicate the tine. The sane
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phi |l osopher is said to have made the first sketch of a
geographi cal map, but this again is a statenent which nodern
researches have shown to be fallacious, since a Babyl onian
attenpt at depicting the geography of the world is stil
preserved to us on a clay tablet. Anaxi mander nmay, however, have
been the first G eek to make an attenpt of this kind. Here again
the influence of Babyl oni an sci ence upon the germ nati ng Western

t hought is suggested.

It is said that Anaxi mander departed from Thal es's conception of
the earth, and, it may be added, fromthe Babyl oni an conception
also, in that he conceived it as a cylinder, or rather as a
truncated cone, the upper end of which is the habitable portion.
This conception is perhaps the first of these guesses through
which the Greek mind attenpted to explain the apparent fixity of
the earth. To ask what supports the earth in space is nost
natural, but the answer given by Anaxi nander, |ike that nore
fam liar Greek solution which transfornmed the cone, or cylinder
into the giant Atlas, is but another illustration of that
substitution of unwarranted i nference for scientific induction
whi ch we have already so often pointed out as characteristic of

the primtive stages of thought.

Anaxi mander held at | east one theory which, as vouched for by
vari ous copyists and commentators, entitles himto be considered
perhaps the first teacher of the idea of organic evolution
According to this idea, man devel oped froma fishlike ancestor
"growi ng up as sharks do until able to help hinself and then

coming forth on dry land."[1] The thought here expressed finds
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its germ perhaps, in the Babyl onian conception that everything
came forth froma chaos of waters. Yet the fact that the thought
of Anaxi mander has come down to posterity through such various
channel s suggests that the Greek thinker had got far enough away
fromthe Oriental conception to make his view seemto his
contenporaries a novel and individual one. Indeed, nothing we
know of the Oriental |ine of thought conveys any suggestion of
the idea of transformation of species, whereas that idea is

distinctly formulated in the traditional views of Anaxi mander

VI. THE EARLY GREEK PHI LOSOPHERS | N | TALY

Di ogenes Laertius tells a story about a youth who, clad in a
purple toga, entered the arena at the O ynpian ganes and asked to
conpete with the other youths in boxing. He was derisively denied
adm ssion, presumably because he was beyond the legitimte age
for juvenile contestants. Nothing daunted, the youth entered the
lists of men, and turned the laugh on his critics by com ng off
victor. The youth who perfornmed this feat was naned Pythagoras.
He was the sane man, if we may credit the story, who afterwards
mgrated to Italy and becane the founder of the fanmpous Crotonian
School of Phil osophy; the man who devel oped the religion of the
O phic nysteries; who conceived the idea of the music of the
spheres; who pronul gated the doctrine of netenpsychosis; who
first, perhaps, of all nmen clearly conceived the notion that this

world on which we live is a ball which nmoves in space and which
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may be habitable on every side.

A strange devel opnent that for a stripling pugilist. But we nust
not forget that in the Greek world athletics held a peculiar

pl ace. The chief wi nner of O ynpian ganes gave his name to an
epoch (the ensuing O ynpiad of four years), and was honored

al nost before all others in the land. A sound mnd in a sound
body was the notto of the day. To excel in feats of strength and
dexterity was an acconplishnment that even a phil osopher need not
scorn. It will be recalled that aeschylus distinguished hinself
at the battle of Marathon; that Thucydi des, the greatest of G eek
hi storians, was a general in the Pel oponnesian War; that

Xenophon, the pupil and bi ographer of Socrates, was chiefly faned
for having | ed the Ten Thousand in the nenorabl e canpai gn of
Cyrus the Younger; that Plato hinself was credited with having
shown great aptitude in early life as a westler. If, then,

Pyt hagoras the phil osopher was really the Pythagoras who won the
boxi ng contest, we nay suppose that in |ooking back upon this
athletic feat fromthe heights of his priesthood--for he came to
be al nost deified--he regarded it not as an indiscretion of his
yout h, but as one of the greatest achievenments of his Iife. Not
unlikely he recalled with pride that he was credited with being
no less an innovator in athletics than in philosophy. At al
events, tradition credits himw th the invention of "scientific"
boxi ng. Was it he, perhaps, who taught the Greeks to strike a
rising and swinging blow fromthe hip, as depicted in the fanous
nmet opes of the Parthenon? If so, the innovation of Pythagoras was
as little heeded in this regard in a subsequent age as was his

theory of the notion of the earth; for to strike a swi nging bl ow
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fromthe hip, rather than fromthe shoulder, is a trick which the

pugilist | earned anew i n our own day.

But enough of pugilismand of what, at best, is a doubtful
tradition. Qur concern is with another "science" than that of the
arena. We nust follow the purple-robed victor to Italy--if,

i ndeed, we be not over-credulous in accepting the tradition--and
l earn of triunphs of a different kind that have placed the nane
of Pyt hagoras high on the list of the fathers of Grecian thought.
To Italy? Yes, to the western [imts of the Greek world. Here it
was, beyond the confines of actual Greek territory, that Hellenic
t hought found its second hone, its first hone being, as we have
seen, in Asia Mnor. Pythagoras, indeed, to whom we have j ust
been introduced, was born on the island of Sanmpbs, which |ies near
the coast of Asia Mnor, but he probably nmigrated at an early day
to Crotona, in Italy. There he lived, taught, and devel oped his
phil osophy until rather late in |life, when, having incurred the
di spl easure of his fellowcitizens, he suffered the not unusual

penal ty of bani shnent.

O the three other great Italic | eaders of thought of the early
peri od, Xenophanes cane rather late in life to El ea and founded
the fanous Eleatic School, of which Parnenides became the nost

di stingui shed ornament. These two were lonians, and they lived in
the sixth century before our era. Enpedocles, the Sicilian, was
of Doric origin. He lived about the nmddle of the fifth century
B.C., at a tine, therefore, when Athens had attai ned a position

of chief glory anmong the Greek states; but there is no evidence
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t hat Enpedocl es ever visited that city, though it was runored
that he returned to the Pel oponnesus to die. The other great
Italic philosophers just naned, living, as we have seen, in the
previ ous century, can scarcely have thought of Athens as a centre
of Greek thought. Indeed, the very fact that these nen lived in
Italy nade that peninsula, rather than the nother-land of G eece,
the centre of Hellenic influence. But all these nmen, it nust
constantly be borne in mind, were Greeks by birth and | anguage,
fully recognized as such in their own tinme and by posterity. Yet
the fact that they lived in a land which was at no tinme a part of
t he geographical territory of G eece nust not be forgotten. They,
or their ancestors of recent generations, had been pioneers anobng
those venturesone col oni sts who reached out into distant portions
of the world, and nade hones for thenselves in nmuch the same
spirit in which colonists from Europe began to popul ate Anmerica
sone two thousand years later. In general, colonists fromthe
different parts of Greece |localized thensel ves sonewhat
definitely in their new hones; yet there nust naturally have been
a good deal of comm ngling anpbng the various famlies of

pi oneers, and, to a certain extent, a mngling also with the
earlier inhabitants of the country. This racial mngling,
conmbined with the well-known vitalizing influence of the pioneer
life, led, we may suppose, to a nore rapid and nore varied

devel opnent than occurred anong the hone-staying G eeks. |In proof
of this, witness the remarkabl e schools of philosophy which, as
we have seen, were thus devel oped at the confines of the Greek
worl d, and which were presently to invade and, as it were, take

by storm the nother-country itself.
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As to the personality of these pioneer philosophers of the West,
our knowl edge is for the nost part nore or less traditional. Wat
has been said of Thales may be repeated, in the main, regarding
Pyt hagor as, Parneni des, and Enpedocl es. That they were rea
persons is not at all in question, but rmuch that is merely

tradi tional has conme to be associated with their names.

Pyt hagoras was the senior, and doubtless his ideas may have

i nfluenced the others nmore or |ess, though each is usually spoken
of as the founder of an independent school. Mich confusion has
all al ong existed, however, as to the precise ideas which were to
be ascribed to each of the | eaders. Nunberless comrentators,

i ndeed, have endeavored to pick out from anong the traditions of
antiquity, aided by such fragnents, of the witing of the

phi | osophers as have cone down to us, the particul ar ideas that
characterized each thinker, and to weave these ideas into
systens. But such efforts, notw thstanding the nental energy that
has been expended upon them were, of necessity, futile, since,
in the first place, the ancient philosophers thensel ves did not
speci ali ze and systenmatize their ideas according to nodern
notions, and, in the second place, the records of their

i ndi vi dual teachi ngs have been too scantily preserved to serve
for the purpose of classification. It is freely admtted that
fabl e has woven an inpenetrable nmesh of contradictions about the
personalities of these ancient thinkers, and it would be folly to
hope that this sane artificer had been |less busy with their
beliefs and theories. When one reads that Pythagoras advocated an
exclusively vegetable diet, yet that he was the first to train

athletes on neat diet; that he sacrificed only inanimte things,
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yet that he offered up a hundred oxen in honor of his great

di scovery regarding the sides of a triangle, and such like

i nconsi stencies in the same bi ography, one gains a realizing
sense of the extent to which diverse traditions enter into the
story as it has cone down to us. And yet we nust reflect that
nost nmen change their opinions in the course of a long lifetineg,

and that the antagonistic reports nmay both be true.

True or false, these fables have an abiding interest, since they
prove the uni que and extraordi nary character of the personality
about which they are woven. The alleged witticisms of a Wistler
in our owmn day, were doubtless, for the nost part, quite unknown
to Whistler hinself, yet they never would have been ascribed to
himwere they not akin to witticisns that he did originate--were
they not, in short, typical expressions of his personality. And
so of the heroes of the past. "It is no ordinary man," said
George Henry Lewes, speaking of Pythagoras, "whom fable exalts
into the poetic region. Whenever you find romantic or mracul ous
deeds attributed, be certain that the hero was great enough to
mai ntain the weight of the crown of this fabulous glory."[1] W
may not doubt, then, that Pythagoras, Parnenides, and Enpedocl es,
wi t h whose nanmes fable was so busy throughout antiquity, were nen
of extraordinary personality. We are here chiefly concerned,
however, neither with the personality of the man nor yet with the
preci se doctrines which each one of them taught. A know edge of
the latter would be interesting were it attainable, but in the
confused state of the reports that have conme down to us we cannot
hope to be able to ascribe each idea with precision to its proper

source. At best we can nerely outline, even here not too
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precisely, the scientific doctrines which the Italic phil osophers

as a whole seemto have advocat ed.

First and forenpost, there is the doctrine that the earth is a
sphere. Pythagoras is said to have been the first advocate of
this theory; but, unfortunately, it is reported al so that

Par meni des was its author. This rivalship for the discovery of an
i mportant truth we shall see repeated over and over in nore
recent tines. Could we know the whole truth, it would perhaps
appear that the idea of the sphericity of the earth was
originated long before the tinme of the G eek philosophers. But it
nmust be admitted that there is no record of any sort to give
tangi bl e support to such an assunption. So far as we can
ascertain, no Egyptian or Babyl oni an astronomer ever grasped the
wonder ful conception that the earth is round. That the Italic
Greeks shoul d have conceived that idea was perhaps not so nuch
because they were astrononmers as because they were practica
geographers and geoneters. Pythagoras, as we have noted, was born
at Sanmos, and, therefore, made a relatively | ong sea voyage in
passing to Italy. Now, as every one knows, the nobst sinple and
tangi bl e denonstration of the convexity of the earth's surface is
furni shed by observation of an approaching ship at sea. On a
clear day a keen eye mmy discern the mast and sails rising
gradual | y above the horizon, to be followed in due course by the
hull. Simlarly, on approaching the shore, high objects becone
visible before those that lie nearer the water. It is at least a
pl ausi bl e supposition that Pythagoras nay have made such

observations as these during the voyage in question, and that
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therein may lie the germof that wonderful conception of the

world as a sphere.

To what extent further proof, based on the fact that the earth's
shadow when the noon is eclipsed is always convex, may have been
known to Pythagoras we cannot say. There is no proof that any of
the Italic philosophers made extensive records of astronom ca
observations as did the Egyptians and Babyl oni ans; but we nust
constantly recall that the witings of classical antiquity have
been al nost al toget her destroyed. The absence of astronomn ca
records is, therefore, no proof that such records never existed.
Pyt hagoras, it should be said, is reported to have travelled in
Egypt, and he nust there have gained an inkling of astrononi ca
nmet hods. | ndeed, he speaks of hinself specifically, in a letter
qguot ed by Di ogenes, as one who is accustoned to study astronomy.
Yet a |l ater sentence of the letter, which asserts that the

phi | osopher is not always occupi ed about specul ati ons of his own
fancy, suggesting, as it does, the dreaner rather than the
observer, gives us probably a truer glinpse into the

phil osopher's nmind. There is, indeed, reason to suppose that the
doctrine of the sphericity of the earth appeal ed to Pythagoras
chiefly because it accorded with his conception that the sphere
is the nost perfect solid, just as the circle is the nost perfect
pl ane surface. Be that as it may, the fact remains that we have
here, as far as we can trace its origin, the first expression of
the scientific theory that the earth is round. Had the Italic
phi | osophers acconplished nothing nore than this, their
acconpl i shmrent woul d none the | ess mark an epoch in the progress

of thought.
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That Pyt hagoras was an observer of the heavens is further

evi denced by the statenent nade by Di ogenes, on the authority of
Par meni des, that Pythagoras was the first person who di scovered
or asserted the identity of Hesperus and Lucifer--that is to say,
of the norning and the evening star. This was really a remarkable
di scovery, and one that was no doubt instrunental later on in
determining that theory of the mechanics of the heavens which we
shall see el aborated presently. To have made such a di scovery
argues again for the practicality of the m nd of Pythagoras. H s,
i ndeed, would seemto have been a mind in which practica
common-sense was strangely blended with the capacity for w de and
i magi nati ve generalization. As further evidence of his
practicality, it is asserted that he was the first person who

i ntroduced neasures and wei ghts among the Greeks, this assertion
bei ng made on the authority of Aristoxenus. It will be observed
that he is said to have introduced, not to have invented, weights
and neasures, a statenment which suggests a know edge on the part
of the Greeks that weights and nmeasures were previously enpl oyed

i n Egypt and Babyl oni a.

The m nd that could conceive the world as a sphere and that
interested itself in weights and nmeasures was, obviously, a mnd
of the visualizing type. It is characteristic of this type of
mnd to be interested in the tangibilities of geonmetry, hence it
is not surprising to be told that Pythagoras "carried that

science to perfection." The nost fanous discovery of Pythagoras

inthis field was that the square of the hypotenuse of a
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right-angled triangle is equal to the squares of the other sides
of the triangle. W have already noted the fable that his

ent husi asm over this discovery led himto sacrifice a hecatonb.
Doubtl ess the story is apocryphal, but doubtless, also, it
expresses the truth as to the fervid joy with which the

phi | osopher nmust have contenplated the results of his creative

i magi nati on.

No line alleged to have been witten by Pythagoras has cone down
to us. We are told that he refrained from publishing his
doctrines, except by word of nouth. "The Lucani ans and the

Peuceti ans, and the Messapi ans and the Ronmmns," we are assured,
"flocked around him coming with eagerness to hear his

di scourses; no fewer than six hundred canme to hi mevery night;
and if any one of them had ever been pernmitted to see the master,
they wote of it to their friends as if they had gai ned sone
great advantage." Neverthel ess, we are assured that until the
time of Philolaus no doctrines of Pythagoras were ever published,
to which statenent it is added that "when the three cel ebrated
books were published, Plato wote to have them purchased for him
for a hundred minas."[2] But if such books existed, they are |ost
to the nmodern world, and we are obliged to accept the assertions

of relatively late witers as to the theories of the great

Cr ot oni an.

Per haps we cannot do better than quote at length from an
i mportant summary of the remaining doctrines of Pythagoras, which
Di ogenes hinsel f quoted fromthe work of a predecessor.|[ 3]

Despite its somewhat inchoate character, this summary is a nost
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remar kabl e one, as a brief analysis of its contents will show It
shoul d be expl ai ned that Al exander (whose work is now lost) is
said to have found these dogmas set down in the commentaries of
Pyt hagoras. |If this assertion be accepted, we are brought one

step nearer the philosopher hinself. The summary is as foll ows:

"That the nmonad was the begi nning of everything. Fromthe nonad
proceeds an indefinite duad, which is subordinate to the nonad as
to its cause. That fromthe nmonad and the indefinite duad proceed
nunmbers. And from nunbers signs. And fromthese last, |ines of

whi ch plane figures consist. And from plane figures are derived
solid bodies. And from solid bodies sensible bodies, of which
last there are four elenents--fire, water, earth, and air. And
that the world, which is indued with life and intellect, and
which is of a spherical figure, having the earth, which is al so
spherical, and inhabited all over in its centre,[4] results from
a conbi nation of these elenents, and derives its notion from
them and also that there are antipodes, and that what is bel ow,

as respects us, is above in respect of them

"He al so taught that |ight and darkness, and cold and heat, and
dryness and noi sture, were equally divided in the world; and that
whi | e heat was predominant it was sumer; while cold had the
mastery, it was wi nter; when dryness prevailed, it was spring;
and when npi sture preponderated, winter. And while all these
qualities were on a level, then was the | oveliest season of the

year; of which the flourishing spring was the whol esone peri od,
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and the season of autumm the nost pernicious one. OF the day, he
said that the flourishing period was the norning, and the fading
one the evening; on which account that also was the | east healthy

time.

"Anot her of his theories was that the air around the earth was

i movabl e and pregnant with disease, and that everything in it
was nortal; but that the upper air was in perpetual notion, and
pure and sal ubrious, and that everything in that was i mortal
and on that account divine. And that the sun and the noon and the
stars were all gods; for in themthe warm principle predom nates
which is the cause of life. And that the noon derives its |ight
fromthe sun. And that there is a relationship between nen and

t he gods, because nen partake of the divine principle; on which
account, also, God exercises his providence for our advantage.

Al so, that Fate is the cause of the arrangenent of the world both
generally and particularly. Mreover, that a ray fromthe sun
penetrated both the cold aether and the dense aether; and they
call the air the cold aether, and the sea and noisture they cal

t he 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
ani mat ed beings; but that all living things have not necessarily
souls. And that the soul is a something tomoff fromthe aether
both warm and cold, fromits partaking of the cold aether. And
that the soul is sonething different fromlife. Also, that it is
i Mmortal, because that fromwhich it has been detached is

i mor t al
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"Also, that animals are born from one another by seeds, and that
it is inpossible for there to be any spontaneous production by
the earth. And that seed is a drop fromthe brain which contains
initself a warmvapor; and that when this is applied to the wonb
it transmts virtue and noisture and bl ood fromthe brain, from
whi ch flesh and sinews and bones and hair and the whol e body are
produced. And fromthe vapor is produced the soul, and al so
sensation. And that the infant first becones a solid body at the
end of forty days; but, according to the principles of harnony,
it is not perfect till seven, or perhaps nine, or at nobst ten
mont hs, and then it is brought forth. And that it contains in
itself all the principles of life, which are all connected
together, and by their union and conbinati on form a harnoni ous

whol e, each of them developing itself at the appointed tine.

"The senses in general, and especially the sight, are a vapor of
excessive warnth, and on this account a man is said to see
through air and through water. For the hot principle is opposed
by the cold one; since, if the vapor in the eyes were cold, it
woul d have the same tenperature as the air, and so woul d be
dissipated. As it is, in sone passages he calls the eyes the
gates of the sun; and he speaks in a simlar manner of hearing

and of the other senses.

"He al so says that the soul of man is divided into three parts:
into intuition and reason and mnd, and that the first and | ast
divisions are found also in other animals, but that the mddle

one, reason, is only found in man. And that the chief abode of
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the soul is in those parts of the body which are between the
heart and the brain. And that that portion of it which is in the
heart is the mind; but that deliberation and reason reside in the

brai n.

Mor eover, that the senses are drops fromthem and that the
reasoni ng sense is immortal, but the others are nortal. And that
the soul is nourished by the blood; and that reasons are the

wi nds of the soul. That it is invisible, and so are its reasons,
since the aether itself is invisible. That the links of the sou
are the veins and the arteries and the nerves. But that when it
is vigorous, and is by itself in a quiescent state, then its
links are words and actions. That when it is cast forth upon the
earth it wanders about, resenbling the body. Mreover, that
Mercury is the steward of the souls, and that on this account he
has the name of Conductor, and Commercial, and Infernal, since it
is he who conducts the souls fromtheir bodies, and fromearth
and sea; and that he conducts the pure souls to the highest

regi on, and that he does not allow the inpure ones to approach
them nor to come near one another, but comits themto be bound
in indissoluble fetters by the Furies. The Pythagoreans al so
assert that the whole air is full of souls, and that these are

t hose which are accounted daenons and heroes. Also, that it is by
them that dreans are sent anopng nmen, and al so the tokens of

di sease and health; these |ast, too, being sent not only to nmen,
but to sheep also, and other cattle. Also that it is they who are
concerned with purifications and expi ations and all kinds of

di vi nati on and oracul ar predictions, and things of that kind."[5]
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A brief consideration of this summary of the doctrines of

Pyt hagoras will show that it at |east outlines a nost
extraordinary variety of scientific ideas. (1) There is suggested
a theory of nmonads and the conception of the devel opment from
sinple to nore conpl ex bodies, passing through the stages of
lines, plain figures, and solids to sensible bodies. (2) The
doctrine of the four elenments--fire, water, earth, and air--as
the basis of all organisns 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
i nfluence of the air is clearly expressed. (5) An idea of the
probl ems of generation and heredity is shown, together with a

di stinct disavowal of the doctrine of spontaneous generation-- a
doctrine which, it may be added, remmined in vogue, neverthel ess,
for sone twenty-four hundred years after the tine of Pythagoras.
(6) A remarkable analysis of mind is made, and a distinction

bet ween ani mal m nds and the human mind is based on this

anal ysis. The physi ol ogi cal doctrine that the heart is the organ
of one departnment of mind is offset by the clear statenent that
the remaining factors of mnd reside in the brain. This early
recognition of brain as the organ of mnd nust not be forgotten
in our later studies. It should be recalled, however, that a
Crotoni an physici an, Al emaean, a younger contemporary of

Pyt hagoras, is also credited with the sanme theory. (7) A

know edge of anatony is at |east vaguely foreshadowed in the
assertion that veins, arteries, and nerves are the |inks of the

soul. In this connection it should be recalled that Pythagoras
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was a practical physician.

As agai nst these scientific doctrines, however, sone of them
bei ng at | east renarkabl e guesses at the truth, attention nust be
called to the concl udi ng paragraph of our quotation, in which the
old fam liar daenonology is outlined, quite after the Orienta
fashion. We shall have occasion to say nore as to this phase of
the subject |ater on. Meantinme, before |eaving Pythagoras, |let us
note that his practical studies of humanity led himto assert the
doctrine that "the property of friends is comon, and that

friendship is equality.” His disciples, we are told, used to put
all their possessions together in one store and use themin
common. Here, then, seenmingly, is the doctrine of comuni sm put
to the test of experinment at this early day. If it seemthat
reference to this carries us beyond the bounds of science, it may

be replied that questions such as this will not |ie beyond the

bounds of the science of the near future.

XENOPHANES AND PARMENI DES

There is a whinsical tale about Pythagoras, according to which

t he phil osopher was wont to declare that in an earlier state he
had vi sited Hades, and had there seen Honer and Hesiod tortured
because of the absurd things they had said about the gods.
Apocrypbal or otherwi se, the tale suggests that Pythagoras was an
agnostic as regards the current Geek religion of his tinme. The
same thing is perhaps true of nmost of the great thinkers of this

earliest period. But one anong them was remenbered in later tines
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as having had a peculiar aversion to the anthroponorphic

conceptions of his fellows. This was Xenophanes, who was born at
Col ophon probably about the year 580 B.C., and who, after a life
of wandering, settled finally in Italy and becane the founder of

the so-called Eleatic School

A few fragnents of the philosophical poemin which Xenophanes
expressed his views have cone down to us, and these fragnents
include a tolerably definite avowal of his faith. "God is one
supreme anmong gods and nmen, and not like nortals in body or in

m nd," says Xenophanes. Again he asserts that "nortals suppose
that the gods are born (as they thenselves are), that they wear
man' s cl ot hing and have human voi ce and body; but," he continues,
"if cattle or lions had hands so as to paint with their hands and
produce works of art as nmen do, they would paint their gods and
give thembodies in formlike their own--horses |like horses,
cattle like cattle." Elsewhere he says, with great acunen: "There
has not been a man, nor will there be, who knows distinctly what

| say about the gods or in regard to all things. For even if one
chance for the nost part to say what is true, still he would not

know, but every one thinks that he knows."[ 6]

In the same spirit Xenophanes speaks of the battles of Titans, of
gi ants, and of centaurs as "fictions of former ages." Al this
tells of the questioning spirit which distinguishes the
scientific investigator. Precisely whither this spirit |led himwe
do not know, but the witers of a later tinme have preserved a

tradition regarding a belief of Xenophanes that perhaps entitles
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himto be considered the father of geol ogy. Thus Hi ppol ytus
records that Xenophanes studied the fossils to be found in
quarries, and drew fromtheir observation remarkabl e concl usions.
H's words are as follows: "Xenophanes believes that once the
earth was mngled with the sea, but in the course of tinme it
became freed from noi sture; and his proofs are such as these:
that shells are found in the nmidst of the |and and anong the
nmountains, that in the quarries of Syracuse the inprints of a
fish and of seals had been found, and in Paros the inprint of an
anchovy at sonme depth in the stone, and in Melite shall ow

i npressions of all sorts of sea products. He says that these

i mprints were nade when everything | ong ago was covered w th nud,
and then the inprint dried in the nud. Further, he says that al
men will be destroyed when the earth sinks into the sea and
beconmes nud, and that the race will begin anew fromthe

begi nning; and this transformati on takes place for al

worlds."[7] Here, then, we see this earliest of paleontol ogists
studying the fossil-bearing strata of the earth, and drawi ng from
hi s observations a marvellously scientific induction. Al npst two
t housand years | ater another fanous citizen of Italy, Leonardo da
Vinci, was independently to think out simlar conclusions from

i ke observations. But not until the nineteenth century of our
era, sone twenty-four hundred years after the tinme of Xenophanes,
was the old Greek's doctrine to be accepted by the scientific
wor | d. The ideas of Xenophanes were known to his contenporaries
and, as we see, quoted for a few centuries by his successors,
then they were ignored or quite forgotten; and if any phil osopher
of an ensuing age before the time of Leonardo chanpioned a |ike

rati onal explanation of the fossils, we have no record of the

Get any book for free on: www.Abika.com

129



A History of Science 130

fact. The geol ogi cal doctrine of Xenophanes, then, nust be listed
anong those remarkabl e Greek anticipations of nineteenth -century
sci ence which suffered alnpst total eclipse in the intervening

centuries.

Anmong the pupils of Xenophanes was Parmeni des, the thinker who
was destined to carry on the work of his master along the sane
scientific lines, though at the sane tine mingling his scientific
conceptions with the mysticismof the poet. W have al ready had
occasion to nmention that Parneni des chanpioned the idea that the
earth is round; noting also that doubts exist as to whether he or
Pyt hagoras originated this doctrine. No explicit answer to this
guestion can possibly be hoped for. It seens clear, however, that
for along tinme the Italic School, to which both these

phi | osophers bel onged, had a nonopoly of the belief in question
Par meni des, |ike Pythagoras, is credited with having believed in
the notion of the earth, though the evidence furnished by the
writings of the philosopher himself is not as denonstrative as
one could wi sh. Unfortunately, the copyists of a | ater age were
nmore concerned with netaphysi cal speculations than with nore
tangi ble things. But as far as the fragnentary references to the
i deas of Parneni des may be accepted, they do not support the idea
of the earth's notion. |ndeed, Parnenides is made to say
explicitly, in preserved fragnents, that "the world is imovable,

limted, and spheroidal in form"[8]

Neverthel ess, sonme nodern interpreters have found an opposite

meani ng in Parmenides. Thus Ritter interprets him as supposing
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"that the earth is in the centre spherical, and maintained in
rotary notion by its equi ponderance; around it lie certain rings,
t he hi ghest conposed of the rare elenent fire, the next |ower a
conmpound of |ight and darkness, and | owest of all one wholly of

ni ght, which probably indicated to his mnd the surface of the
earth, the centre of which again he probably considered to be
fire."[9] But this, like too many interpretations of ancient

t hought, appears to read into the fragnments ideas which the words
t hemsel ves do not warrant. There seenms no reason to doubt,
however, that Parnenides actually held the doctrine of the
earth's sphericity. Another glinpse of his astronom cal doctrines
is furnished us by a fragnment which tells us that he conceived
the norning and the evening stars to be the sanme, a doctrine

whi ch, as we have seen, was ascribed al so to Pythagoras. |ndeed,
we rmay repeat that it is quite inpossible to distinguish between

the astronom cal doctrines of these two phil osophers.

The poem of Parneni des in which the cosnbgonic specul ati ons occur
treats also of the origin of man. The author seenms to have had a
cl ear conception that intelligence depends on bodily organi sm
and that the nore el aborately devel oped the organi smthe higher
the intelligence. But in the interpretation of this thought we
are hanpered by the characteristic vagueness of expression, which
may best be evidenced by putting before the reader two English
transl ati ons of the sanme stanza. Here is Ritter's rendering, as

made into English by his translator, Morrison

"For exactly as each has the state of his |inbs many-jointed,

So invariably stands it with men in their mnd and their
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reason; For the systemof linmbs is that which thinketh in
mankind Alike in all and in each: for thought is the

ful ness. "[10]

The sane stanza is given thus by George Henry Lewes:

"Such as to each man is the nature of his many-jointed |inbs,
Such also is the intelligence of each man; for it is The nature
of |inmbs (organization) which thinketh in men, Both in one and
in all; for the highest degree of organization gi ves the

hi ghest degree of thought."[11]

Here it will be observed that there is virtual agreenment between
the transl ators except as to the last clause, but that clause is
nost essential. The Greek phrase is <gr to gar pleon esti nohma>.
Ritter, it will be observed, renders this, "for thought is the

ful ness.” Lewes paraphrases it, "for the highest degree of

organi zati on gives the highest degree of thought.” The difference
is intentional, since Lewes hinself criticises the translation of
Ritter. Ritter's translation is certainly the nore literal, but
the fact that such diversity is possible suggests one of the
chief elements of uncertainty that hanper our interpretation of

t he thought of antiquity. Unfortunately, the m nd of the

comment ator has usual ly been directed towards such subtleties,
rather than towards the expression of precise know edge. Hence it

is that the phil osophers of Greece are usually thought of as nere

dreaners, and that their true status as scientific discoverers is

Get any book for free on: www.Abika.com

132



A History of Science

so often overlooked. Wth these intangibilities we have no
present concern beyond this bare mention; for us it suffices to
gain as clear an idea as we nay of the really scientific
conceptions of these thinkers, leaving the subtleties of their

deductive reasoning for the npst part untouched.

EMPEDOCLES

The | atest of the inportant pre-Socratic philosophers of the
Italic school was Enpedocl es, who was born about 494 B.C. and
lived to the age of sixty. These dates make Enpedocles strictly
contenporary w th Anaxagoras, a fact which we shall do well to
bear in mnd when we cone to consider the latter's philosophy in
the succeedi ng chapter. Like Pythagoras, Enpedocles is an

i nposing figure. Indeed, there is nuch of simlarity between the
personalities, as between the doctrines, of the two nen.
Enmpedocl es, |ike Pythagoras, was a physician; |like himalso he
was the founder of a cult. As statesman, prophet, physicist,
physi ci an, reformer, and poet he showed a versatility that,
coupled with profundity, marks the highest genius. In point of
versatility we shall perhaps hardly find his equal at a later
day--unl ess, indeed, an exception be nmade of Eratosthenes. The
myt hs that have grown about the nane of Enpedocl es show that he
was a remarkabl e personality. He is said to have been an
awe-inspiring figure, clothing hinself in Oiental splendor and
novi ng anong nmanki nd as a superior being. Tradition has it that
he threw hinself into the crater of a volcano that his otherw se

unexpl ai ned di sappearance might |ead his disciples to believe
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that he had been miracul ously translated; but tradition goes on
to say that one of the brazen slippers of the phil osopher was
thrown up by the volcano, thus revealing his subterfuge. Another
tradition of far nore credible aspect asserts that Enpedocles
retreated fromltaly, returning to the home of his fathers in

Pel oponnesus to die there obscurely. It seens odd that the facts
regarding the death of so great a man, at so conparatively late a
peri od, should be obscure; but this, perhaps, is in keeping with
the personality of the man hinself. His disciples would hesitate

to ascribe a nerely natural death to so inspired a prophet.

Enpedocl es appears to have been at once an observer and a
dreaner. He is credited with noting that the pressure of air wll
sustain the weight of water in an inverted tube; w th divining,

wi t hout the possibility of proof, that |ight has actual notion in
space; and with asserting that centrifugal notion nust keep the
heavens fromfalling. He is credited with a great sanitary feat
in the draining of a marsh, and his know edge of nedici ne was
held to be supernatural. Fortunately, sone fragnents of the
writings of Enpedocles have cone down to us, enabling us to judge
at first hand as to part of his doctrines; while still nore is
known t hrough the references made to himby Plato, Aristotle, and
ot her coment ators. Enpedocl es was a poet whose verses stood the
test of criticism In this regard he is in a like position with
Par meni des; but in neither case are the preserved fragnents
sufficient to enable us fully to estimate their author's
scientific attai nments. Philosophical witings are obscure enough

at the best, and they perforce becone doubly so when expressed in
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verse. Yet there are certain passages of Enpedocles that are
unequi vocal and full of interest. Perhaps the nost inportant
conception which the works of Enpedocles reveal to us is the
deni al of ant hroponorphismas applied to deity. W have seen how
early the ant hroponorphic concepti on was devel oped and how
closely it was all along clung to; to shake the mind free fromit
then was a remarkable feat, in acconplishing which Enpedocles
took a long step in the direction of rationalism H's conception
is paralleled by that of another physician, Al cmaeon, of Proton
who contended that man's ideas of the gods anpunted to nere
suppositions at the very nost. A rationalistic or sceptica
tendency has been the acconpani nent of nedical training in al

ages.

The words in which Enpedocl es expresses his conception of deity
have been preserved and are well worth quoting: "It is not

i mpossi ble," he says, "to draw near (to god) even with the eyes
or to take hold of himw th our hands, which in truth is the best
hi ghway of persuasion in the mnd of man; for he has no human
head fitted to a body, nor do two shoots branch out fromthe
trunk, nor has he feet, nor swift |legs, nor hairy parts, but he
is sacred and i neffable m nd al one, darting through the whol e

world with swift thoughts."[8]

How far Enpedocles carried his denial of anthroponorphismis
illustrated by a reference of Aristotle, who asserts "that
Enpedocl es regards god as nost | acking in the power of
perception; for he alone does not know one of the el enents,

Strife (hence), of perishable things." It is difficult to avoid
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the feeling that Enpedocl es here approaches the nodern

phi | osophi cal conception that God, however postul ated as

i mut abl e, nust al so be postul ated as unconsci ous, since
intelligence, as we know it, is dependent upon the transmutations
of matter. But to urge this thought would be to yield to that

phi | osophi zi ng tendency which has been the bane of interpretation

as applied to the ancient thinkers.

Considering for a nonent the nore tangible acconplishnents of
Enpedocl es, we find it alleged that one of his "miracles"

consi sted of the preservation of a dead body w thout putrefaction
for sone weeks after death. We may assune fromthis that he had
gained in some way a knowl edge of enbal mi ng. As he was
notoriously fond of experinment, and as the body in question
(assum ng for the nonent the authenticity of the |egend) nust
have been preserved wi thout disfigurenent, it is conceivable even
that he had hit upon the idea of injecting the arteries. This, of
course, is pure conjecture; yet it finds a certain warrant, both
in the fact that the words of Pythagoras lead us to believe that
the arteries were known and studied, and in the fact that
Enmpedocl es' own words reveal himalso as a student of the
vascul ar system Thus Plutarch cites Enpedocles as believing
“"that the ruling part is not in the head or in the breast, but in
the bl ood; wherefore in whatever part of the body the nore of
this is spread in that part nmen excel."[13] And Enpedocl es' own
words, as preserved by Stobaeus, assert "(the heart) lies in seas
of blood which dart in opposite directions, and there nost of al

intelligence centres for nmen; for blood about the heart is
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intelligence in the case of man." All this inplies a really
remar kabl e appreciation of the dependence of vital activities

upon the bl ood.

This correct physiol ogical conception, however, was by no neans
the nost remarkable of the ideas to which Enpedoel es was | ed by
hi s anatom cal studies. H's greatest acconplishment was to have
conceived and clearly expressed an idea which the nodern

evol utioni st connotes when he speaks of honpl ogous parts--an idea
whi ch found a fampous nodern expositor in Goethe, as we shall see
when we conme to deal with eighteenth-century science. Enpedocles
expresses the idea in these words: "Hair, and | eaves, and thick
feathers of birds, are the sane thing in origin, and reptile
scales too on strong linmbs. But on hedgehogs sharp-pointed hair
bristles on their backs."[14] That the idea of transmutation of
parts, as well as of nmere honology, was in mnd is evidenced by a
very remarkabl e sentence in which Aristotle asserts, "Enpedocles
says that fingernails rise fromsinew fromhardening." Nor is
this quite all, for surely we find the germ of the Lamarckian
conception of evolution through the transm ssion of acquired
characters in the assertion that "many characteristics appear in
ani mal s because it happened to be thus in their birth, as that

t hey have such a spine because they happen to be descended from
one that bent itself backward."[15] Aristotle, in quoting this
remark, asserts, with the dogmati sm which characterizes the

phi | osophi cal commentators of every age, that "Enpedocles is
wrong," in making this assertion; but Lamarck, who lived
twenty-three hundred years after Enpedocles, is fanpbus in the

hi story of the doctrine of evolution for elaborating this very
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i dea.

It is fair to add, however, that the dream ngs of Enpedocles
regarding the origin of living organisns led himto sone
conceptions that were nuch | ess |umnous. On occasion, Enpedocles
t he poet got the better of Enpedocles the scientist, and we are
presented with a conception of creation as grotesque as that

whi ch delighted the readers of Paradi se Lost at a | ater day.
Enpedocl es assures us that "many heads grow up wi thout necks, and
arnms were wandering about, necks bereft of shoulders, and eyes
roanmed about alone with no foreheads."[16] This chaotic
condition, so the poet dreaned, led to the union of nmany

i ncongruous parts, producing "creatures with double faces,

of fspring of oxen with human faces, and children of men with oxen
heads. "™ But out of this chaos cane, finally, we are led to infer
a harnoni ous aggregation of parts, producing ultimately the
perfected organisns that we see. Unfortunately the preserved
portions of the witings of Enpedocles do not enlighten us as to
the precise way in which final evolution was supposed to be

ef fected; although the idea of endl ess experinmentation unti
natural selection resulted in survival of the fittest seems not
far afield fromcertain of the poetical assertions. Thus: "As
divinity was mingled yet nore with divinity, these things (the
various nenbers) kept com ng together in whatever way each m ght

chance." Again: "At one tine all the |linbs which formthe body
united into one by love grew vigorously in the prime of life; but
yet at another tine, separated by evil Strife, they wander each

in different directions along the breakers of the sea of life.
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Just so is it with plants, and with fishes dwelling in watery
hall s, and beasts whose lair is in the nountains, and birds borne

on wings."[17]

All this is poetry rather than science, yet such inmaginings could
come only to one who was gropi ng towards what we noderns shoul d
term an evol utionary conception of the origins of organic life;
and however grotesque sone of these expressions nmmy appear, it
nmust be admitted that the norphol ogi cal ideas of Enpedocles, as
above quoted, give the Sicilian philosopher a secure place anong

the anticipators of the nodern evol utionist.

VII. CGREEK SCIENCE IN THE EARLY ATTI C PERI OD

We have travelled rather far in our study of Greek science, and
yet we have not until now conme to Greece itself. And even now,
the nmen whose nanes we are to consider were, for the npost part,
born in out- lying portions of the enpire; they differed fromthe
ot hers we have considered only in the fact that they were drawn
presently to the capital. The change is due to a npst interesting
sequence of historical events. In the day when Thales and his

i medi ate successors taught in MIletus, when the great nen of the
Italic school were in their prinme, there was no single undi sputed
Centre of Greek influence. The Greeks were a di sorgani zed conpany
of petty nations, welded together chiefly by unity of speech; but
now, early in the fifth century B.C., occurred that fanpus attack

upon the Western world by the Persians under Darius and his son
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and successor Xerxes. A few nonths of battling determi ned the
fate of the Western world. The Orientals were hurled back; the

gl orious nenories of Marathon, Salam s, and Pl ataea stinul ated
the patriotismand enthusiasmof all children of the Greek race.
The Greeks, for the first time, occupied the centre of the
historical stage; for the brief interval of about half a century
the different Grecian principalities lived together in relative
harmony. One city was recogni zed as the netropolis of the |oosely
bound enpire; one city becanme the hone of culture and the Mecca
towards which all eyes turned; that city, of course, was Athens.
For a brief tinme all roads led to Athens, as, at a | ater date,
they all led to Rone. The waterways which al one bound the wi dely
scattered parts of Hellas into a united whole | ed out from At hens
and back to Athens, as the spokes of a wheel to its hub. Athens
was the comercial centre, and, largely for that reason, it
became the centre of culture and intellectual influence also. The
wi se nmen fromthe colonies visited the nmetropolis, and the w se
At heni ans went out to the col onies. Whoever aspired to becone a

| eader in politics, in art, in literature, or in philosophy, nade
his way to the capital, and so, with al nost bew | deri ng
suddenness, there blossoned the civilization of the age of
Pericles; the civilization which produced aeschyl us, Sophocl es,
Euri pi des, Herodotus, and Thucydi des; the civilization which nade

possi bl e the building of the Parthenon.

ANAXAGORAS
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Sometime during the early part of this golden age there canme to
At hens a middl e-aged nman from Cl azomenae, who, from our present
stand-point, was a nore interesting personality than perhaps any
other in the great gal axy of remarkabl e nmen assenbl ed there. The
nanme of this new coner was Anaxagoras. It was said in after-tine,
we know not with what degree of truth, that he had been a pupi

of Anaxinenes. |If so, he was a pupil who departed far fromthe
teachings of his master. \Wat we know for certain is that
Anaxagoras was a truly original thinker, and that he becane a
close friend--in a sense the teacher--of Pericles and of
Euri pi des. Just how |l ong he remained at Athens is not certain;
but the tinme cane when he had nmade hinself in some way

obj ectionable to the Athenian popul ace through his teachings.
Filled with the spirit of the investigator, he could not accept
the current conceptions as to the gods. He was a sceptic, an

i nnovator. Such nen are never welconme; they are the chief factors
in the progress of thought, but they nmust | ook always to
posterity for recognition of their worth; fromtheir
contenporaries they receive, not thanks, but persecution
Sonmetinmes this persecution takes one form sonetines another; to
the credit of the Greeks be it said, that with themit usually
led to nothing nore severe than bani shnent. In the case of
Anaxagoras, it is alleged that the sentence pronounced was death;
but that, thanks to the influence of Pericles, this sentence was
commuted to bani shment. In any event, the aged phil osopher was
sent away fromthe city of his adoption. He retired to Lanpsacus.

"It is not | that have |l ost the Athenians," he said; "it is the

At heni ans that have | ost ne.
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The exact position which Anaxagoras had anong his contemnporaries,
and his exact place in the devel opnent of philosophy, have al ways
been sonewhat in dispute. It is not known, of a certainty, that
he even held an open school at Athens. Ritter thinks it doubtfu
that he did. It was his fate to be m sunderstood, or
underestinmated, by Aristotle; that in itself would have sufficed
greatly to dimhis fanme--m ght, indeed, have led to his al nost
entire neglect had he not been a truly remarkabl e thinker. Wth
nost of the questions that have exercised the conmentators we
have but scant concern. Followi ng Aristotle, nost historians of
phi | osophy have been netaphysicians; they have concerned
thensel ves far less with what the ancient thinkers really knew
than with what they thought. A chance using of a verbal quibble,
an esoteric phrase, the expression of a vague nysticism-these
woul d suffice to call forth reans of exposition. It has been the
favorite pastinme of historians to weave their own anachronistic

t heori es upon the scanty woof of the half- renenbered thoughts of
t he anci ent phil osophers. To make such cloth of the inmagination
as this is an alluring pastine, but one that nust not divert us
here. Qur point of view reverses that of the phil osophers. W are
chiefly concerned, not with sone vague sayi ng of Anaxagoras, but
with what he really knew regardi ng the phenonena of nature; with
what he observed, and with the conprehensi bl e deductions that he
derived fromhis observations. In attenpting to answer these
inquiries, we are obliged, in part, to take our evidence at
second- hand; but, fortunately, sone fragnments of writings of
Anaxagoras have come down to us. We are told that he wote only a

single book. It was said even (by Diogenes) that he was the first
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man that ever wote a work in prose. The latter statenent woul d
not bear too close an examination, yet it is true that no
extensive prose conpositions of an earlier day than this have
been preserved, though numerous others are known by their
fragnments. Herodotus, "the father of prose," was a slightly
younger contenporary of the Cl azonmenaean phil osopher; not

unlikely the two men may have net at Athens.

Notwi t hstandi ng the | oss of the greater part of the witings of
Anaxagoras, however, a tolerably precise account of his
scientific doctrines is accessible. Diogenes Laertius expresses
some of themin very clear and precise terns. W have al ready

poi nted out the uncertainty that attaches to such evi dence as
this, but it is as valid for Anaxagoras as for another. If we
reject such evidence, we shall often have alnost nothing left; in
accepting it we nmay at |east feel certain that we are view ng the
thi nker as his contenporaries and i nmedi ate successors vi ewed
him Fol | owi ng Di ogenes, then, we shall find sone renmarkable
scientific opinions ascribed to Anaxagoras. "He asserted," we are
told, "that the sun was a mass of burning iron, greater than

Pel oponnesus, and that the noon contai ned houses and also hills

and ravines." In corroboration of this, Plato represents him as
havi ng conjectured the right explanation of the nmoon's |ight, and
of the solar and lunar eclipses. He had other astrononica
theories that were nore fanciful; thus "he said that the stars
originally noved about in irregular confusion, so that at first
the pole-star, which is continually visible, always appeared in

the zenith, but that afterwards it acquired a certain

declination, and that the MIky Way was a reflection of the |ight

Get any book for free on: www.Abika.com

143



A History of Science 144

of the sun when the stars did not appear. The conets he
consi dered to be a concourse of planets enmtting rays, and the
shooting- stars he thought were sparks, as it were, |leaping from

the firmanent."

Much of this is far enough fromthe truth, as we now know it, yet
all of it shows an earnest endeavor to explain the observed
phenonena of the heavens on rational principles. To have

predi cated the sun as a great nolten nmass of iron was indeed a
wonder ful anticipation of the results of the nodern spectroscope.
Nor can it be said that this hypothesis of Anaxagoras was a
purely visionary guess. It was in all probability a scientific
deduction fromthe observed character of neteoric stones.

Ref erence has al ready been nmade to the alleged prediction of the
fall of the fanobus neteor at aegespotom by Anaxagoras. The
assertion that he actually predicted this fall in any proper
sense of the word woul d be obviously absurd. Yet the fact that
his name is associated with it suggests that he had studied
simlar neteorites, or else that he studied this particul ar one,
since it is not quite clear whether it was before or after this
fall that he nade the fanpus assertion that space is full of
falling stones. We should stretch the probabilities were we to
assert that Anaxagoras knew that shooting-stars and neteors were
the sane, yet there is an interesting suggestiveness in his

i kening the shooting-stars to sparks |eaping fromthe firmanment,
taken in connection with his observation on nmeteorites. Be this
as it may, the fact that something which falls from heaven as a

bl azing Iight turns out to be an iron-1like nmass may very wel
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have suggested to the nost rational of thinkers that the great
bl azing Iight called the sun has the sane conposition. This idea
grasped, it was a not unnatural extension to conceive the other

heavenly bodi es as having the sane conposition

This led to a truly startling thought. Since the heavenly bodies
are of the sanme conposition 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
t hey have been thrown off by the force of a whirling notion? Such
was the conclusion which Anaxagoras reached; such his explanation
of the origin of the heavenly bodies. It was a nmarvel |l ous guess.
Deduct fromit all that recent science has shown to be untrue;
bear in mind that the stars are suns, conpared with which the
earth is a nere speck of dust; recall that the sun is parent, not
daughter, of the earth, and despite all these deductions, the
cosnogoni ¢ guess of Anaxagoras renmains, as it seens to us, one of
the nost marvellous feats of human intelligence. It was the first
expl anati on of the cosm c bodies that could be called, in any
sense, an anticipation of what the science of our own day accepts
as a true explanation of cosnmic origins. Mreover, |let us urge
again that this was no nere accidental flight of the inmagination;
it was a scientific induction based on the only data avail abl e;
perhaps it is not too nmuch to say that it was the only scientific
i nduction which these data would fairly sustain. O course it is
not for a nonent to be inferred that Anaxagoras understood, in
the nodern sense, the character of that whirling force which we
call centrifugal. About two thousand years were yet to el apse

before that force was explained as elenentary inertia, and even
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t hat expl anation, let us not forget, nerely sufficed to push back
the barriers of nmystery by one other stage; for even in our day

inertia is a statenent of fact rather than an expl anation

But however little Anaxagoras could explain the centrifugal force
on mechani cal principles, the practical powers of that force were
sufficiently open to his observation. The nere experinent of
throwing a stone froma sling would, to an observing mnd, be
full of suggestiveness. It would be obvious that by whirling the
sling about, the stone which it held would be sustained in its
circling path about the hand in seem ng defiance of the earth's
pull, and after the stone had left the sling, it could fly away
fromthe earth to a distance which the nost casual observation
woul d prove to be proportionate to the speed of its flight.
Extrenely rapid notion, then, m ght project bodies fromthe
earth's surface off into space; a sufficiently rapid whirl would
keep them there. Anaxagoras conceived that this was precisely
what had occurred. Hi s inmagination even carried hima step
farther--to a conception of a slackening of speed, through which
the heavenly bodies would | ose their centrifugal force, and,
responding to the perpetual pull of gravitation, would fall back
to the earth, just as the great stone at aegespotom had been

observed to do

Here we would seemto have a cl ear conception of the idea of
uni versal gravitation, and Anaxagoras stands before us as the
antici pator of Newton. Were it not for one scientific maxim we

m ght exalt the old Greek above the greatest of nodern natura
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phi | osophers; but that nmaxi m bids us pause. It is phrased thus,

"He discovers who proves." Anaxagoras could not prove; his
argunent was at best suggestive, not denobnstrative. He did not
even know the | aws which govern falling bodies; much | ess could
he apply such |laws, even had he known them to sidereal bodies at
whose size and di stance he could only guess in the vaguest ternmns.
Still his cosnpbgonic specul ati on remai ns as perhaps the nost
remar kabl e one of antiquity. How wi dely his speculation found
currency anmong his i mmedi ate successors is instanced in a passage
from Pl ato, where Socrates is represented as scornfully answering
a calumiator in these terns: "He asserts that | say the sun is a
stone and the noon an earth. Do you think of accusing Anaxagoras,
M| etas, and have you so | ow an opinion of these nen, and think
them so unskilled in laws, as not to know that the books of
Anaxagoras the Cl azomenaean are full of these doctrines. And
forsooth the young nmen are |earning these matters from nme which
sonmetines they can buy fromthe orchestra for a drachma, at the
nost, and | augh at Socrates if he pretends they are

his-particularly seeing they are so strange."

The el ement of error contained in these cosnogonic specul ati ons
of Anaxagoras has led critics to do them sonething | ess than
justice. But there is one other astronom cal specul ation for

whi ch the Cl azonenaean phil osopher has received full credit. It
is generally admitted that it was he who first found out the

expl anation of the phases of the noon; a know edge that that body
shines only by reflected light, and that its visible forns,
waxi ng and wani ng month by nonth from crescent to disk and from

disk to crescent, nerely represent our shifting view of its
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sun-illum ned face. It is difficult to put ourselves in the place
of the ancient observer and realize how little the appearances
suggest the actual fact. That a body of the same structure as the
earth should shine with the radi ance of the noon nerely because
sunlight is reflected fromit, is in itself a supposition

seem ngly contradicted by ordinary experience. It required the

m nd of a phil osopher, sustained, perhaps, by some experinental
observations, to conceive the idea that what seens so obviously
bright may be in reality dark. The germ of the conception of what
t he phil osopher speaks of as the noumena, or actualities, back of
phenonmena or appearances, had perhaps this crude begi nning.
Anaxagoras could surely point to the noon in support of his

seem ng paradox that snow, being really conposed of water, which
is dark, is in reality black and not white--a contention to which

we shall refer nore at length in a nonent.

But there is yet another striking thought connected with this new
expl anation of the phases of the nmobon. The explanation inplies
not merely the reflection of light by a dark body, but by a dark
body of a particular form G anted that reflections are in
qguestion, no body but a spherical one could give an appearance
whi ch the nopon presents. The noon, then, is not nerely a mass of
earth, it is a spherical mass of earth. Here there were no flaws
in the reasoning of Anaxagoras. By scientific induction he passed
from observation to explanation. A new and nost inportant el enent

was added to the science of astronony.

Looki ng back fromthe latter-day stand-point, it would seemas if
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the m nd of the philosopher must have taken one other step: the
m nd that had conceived sun, noon, stars, and earth to be of one
substance m ght naturally, we should think, have reached out to
the further induction that, since the noon is a sphere, the other
cosm c bodies, including the earth, nust be spheres al so. But
generalizer as he was, Anaxagoras was too rigidly scientific a
thi nker to nmake this assunption. The data at his command did not,
as he analyzed them seemto point to this conclusion. W have
seen that Pythagoras probably, and Parneni des surely, out there
in ltaly had conceived the idea of the earth's rotundity, but the
Pyt hagor ean doctrines were not rapidly taken up in the nother-
country, and Parnenides, it nust be recalled, was a strict
contenporary of Anaxagoras hinself. It is no reproach, therefore,
to the Cl azonenaean phil osopher that he should have held to the
old idea that the earth is flat, or at nmost a convex disk--the

| atter bei ng the Babyl oni an conception which probably dom nat ed

that M| esian school to which Anaxagoras harked back

Anaxagoras may never have seen an eclipse of the nmoon, and even
if he had he might have reflected that, fromcertain directions,
a disk nmay throw precisely the same shadow as a sphere. Moreover,
in reference to the shadow cast by the earth, there was, so
Anaxagor as believed, an observation open to himnightly which, we
may well suppose, was not wi thout influence in suggesting to his
m nd the probable shape of the earth. The M1 ky Way, which

doubt| ess had puzzl ed astrononers fromthe begi nnings of history
and which was to continue to puzzle them for many centuries after
the day of Anaxagoras, was expl ai ned by the Cl azonenaean

phi |l osopher on a theory obviously suggested by the theory of the
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noon's phases. Since the earth- |ike noon shines by reflected
light at night, and since the stars seem obviously brighter on
dark nights, Anaxagoras was but followi ng up a perfectly |ogica

i nducti on when he propounded the theory that the stars in the

M| ky Way seem nore nunmerous and brighter than those of any other
part of the heavens, nerely because the MI|ky Way marks the
shadow of the earth. OF course the inference was wong, so far as
the shadow of the earth is concerned; yet it contained a part
truth, the force of which was never fully recognized until the
time of Galileo. This consists in the assertion that the
brightness of the MIky Way is nerely due to the gl ow of many
stars. The shadow theory of Anaxagoras would naturally cease to
have validity so soon as the sphericity of the earth was proved,
and with it, seemingly, fell for the tinme the conpanion theory

that the MIlky Way is made up of a nultitude of stars.

It has been said by a nodern critic[1l] that the shadowtheory was
childish in that it failed to note that the MIky Way does not
foll ow the course of the ecliptic. But this criticismonly holds
good so long as we reflect on the true character of the earth as
a symmetrical body poised in space. It is quite possible to
concei ve a body occupying the position of the earth with
reference to the sun which would cast a shadow having such a
tenuous formas the MIky Way presents. Such a body obviously
woul d not be a gl obe, but a |long-drawn-out, attenuated figure.
There is, to be sure, no direct evidence preserved to show that
Anaxagoras conceived the world to present such a figure as this,

but what we know of that phil osopher's close-reasoning, |ogica
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m nd gives sone warrant to the assunption--gratuitous though in a
sense it be-- that the author of the theory of the mpoon's phases
had not failed to ask hinself what nust be the form of that
terrestrial body which could cast the tenuous shadow of the M I ky
Way. Moreover, we mnmust recall that the habitable earth, as known
to the Greeks of that day, was a relatively narrow band of

territory, stretching far to the east and to the west.

Anaxagoras as Meteorol ogi st

The man who had studied the nmeteorite of aegospotam , and been
put by it on the track of such remarkabl e inductions, was,
naturally, not oblivious to the other phenonena of the

at nrosphere. |Indeed, such a mind as that of Anaxagoras was sure to
i nvestigate all manner of natural phenonena, and al nost equally
sure to throw new | ight on any subject that it investigated.
Hence it is not surprising to find Anaxagoras credited with

expl aining the winds as due to the rarefactions of the atnosphere
produced by the sun. This explanation gives Anaxagoras full right
to be called "the father of nmeteorology,"” a title which, it my
be, no one has thought of applying to him chiefly because the
sci ence of nmeteorology did not nake its real beginnings unti

some twenty-four hundred years after the death of its first great
votary. Not content with explaining the winds, this prototype of
Franklin turned his attention even to the tipper atnosphere.
"Thunder," he is reputed to have said, "was produced by the
collision of the clouds, and lightning by the rubbing together of

the clouds.” We dare not go so far as to suggest that this
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implies an association in the mnd of Anaxagoras between the
friction of the clouds and the observed electrical effects
generated by the friction of such a substance as anber. To nmke
such a suggestion doubtless would be to fall victimto the old
fam liar propensity to read into Honer things that Homer never
knew. Yet the significant fact renains that Anaxagoras ascri bed
to thunder and to lightning their true position as strictly

nat ural phenonena. For himit was no god that nenaced humanity
wi th thundering voice and the flash of his divine fires fromthe
clouds. Little wonder that the thinker whose science carried him
to such scepticismas this should have felt the wath of the

superstitious Athenians.

Bi ol ogi cal Specul ati ons

Passing fromthe phenonena of the air to those of the earth
itself, we learn that Anaxagoras expl ai ned an earthquake as being
produced by the returning of air into the earth. W cannot be
sure as to the exact neaning here, though the idea that gases are
i mpri soned in the substance of the earth seens not far afield.

But a far nore remarkabl e insight than this would i nply was shown
by Anaxagoras when he asserted that a certain amount of air is
contained in water, and that fishes breathe this air. The passage
of Aristotle in which this opinion is ascribed to Anaxagoras is

of sufficient interest to be quoted at |ength:

"Denocritus, of Abdera,"” says Aristotle, "and some others, that
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have spoken concerning respiration, have deterni ned nothing
concerning other animls, but seemto have supposed that al
animal s respire. But Anaxagoras and Di ogenes (Apolloniates), who
say that all animals respire, have al so endeavored to explain how
fishes, and all those animals that have a hard, rough shell, such
as oysters, nussels, etc., respire. And Anaxagoras, indeed, says
that fishes, when they emt water through their gills, attract

air fromthe mouth to the vacuumin the viscera fromthe water

whi ch surrounds the mouth; as if air was inherent in the

wat er. "[ 2]

It should be recalled that of the three phil osophers thus

menti oned as contending that all aninmals respire, Anaxagoras was
the elder; he, therefore, was presunmably the originator of the
idea. It will be observed, too, that Anaxagoras alone is held
responsible for the idea that fishes respire air through their
gills, "attracting" it fromthe water. This certainly was one of
t he shrewdest physiol ogi cal guesses of any age, if it be regarded
as a nere guess. Wth greater justice we mght refer to it as a
prof ound deduction fromthe principle of the uniformty of

nat ure.

In meki ng such a deduction, Anaxagoras was far in advance of his
time as illustrated by the fact that Aristotle nakes the citation
we have just quoted merely to add that "such things are

i mpossible,"” and to refute these "inpossible" ideas by neans of
nmet aphysi cal reasoni ngs that seened denonstrative not nerely to

hi nsel f, but to many generations of his followers.

Get any book for free on: www.Abika.com

153



A History of Science 154

We are told that Anaxagoras alleged that all animls were
originally generated out of npisture, heat, and earth particles.
Just what opinion he held concerning man's devel opment we are not
informed. Yet there is one of his phrases which
suggests--wi t hout, perhaps, quite proving--that he was an
evolutionist. This phrase asserts, with insight that is fairly
startling, that man is the nost intelligent of animals because he
has hands. The man who coul d nake that assertion nmust, it would
seem have had in nmnd the idea of the devel opment of
intelligence through the use of hands-- an idea the full force of
whi ch was not evident to subsequent generations of thinkers unti

the tinme of Darw n.

Physi cal Specul ations

Anaxagoras is cited by Aristotle as believing that "plants are
animals and feel pleasure and pain, inferring this because they

shed their | eaves and | et themgrow again." The idea is fanciful
yet it suggests again a truly phil osophical conception of the
unity of nature. The nan who coul d conceive that idea was but
little hanpered by traditional conceptions. He was exercising a
rare conbination of the rigidly scientific spirit with the

poeti cal imagination. He who possesses these gifts is sure not to
stop in his questionings of nature until he has found sone

t hi nkabl e expl anati on of the character of matter itself.

Anaxagoras found such an explanation, and, as good |uck would

have it, that explanation has been preserved. Let us exam ne his
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reasoning in sone detail. W have already referred to the claim
all eged to have been made by Anaxagoras that snow is not really
white, but black. The phil osopher explained his paradox, we are
told, by asserting that snowis really water, and that water is
dark, when vi ewed under proper conditions--as at the bottomof a
wel | . That idea contains the germof the Cl azonenaean

phi | osopher's conception of the nature of matter. Indeed, it is
not unlikely that this theory of matter grew out of his
observation of the changing forns of water. He seens clearly to
have grasped the idea that snow on the one hand, and vapor on the
other, are of the sane intinmate substance as the water from which
they are derived and into which they may be again transforned.
The fact that steam and snow can be changed back into water, and
by sinple manipul ati on cannot be changed into any ot her
substance, finds, as we now believe, its true explanation in the
fact that the nolecular structure, as we phrase it--that is to
say, the ultimate particle of which water is conposed, is not
changed, and this is precisely the explanation whi ch Anaxagoras
gave of the same phenonena. For himthe unit particle of water
constituted an el enentary body, uncreated, unchangeabl e,

i ndestructible. This particle, in association with |ike
particles, constitutes the substance which we call water. The
same particle in association with particles unlike itself, m ght
produce totally different substances--as, for exanple, when water
is taken up by the roots of a plant and becones, seemngly, a
part of the substance of the plant. But whatever the changed
associ ation, so Anaxagoras reasoned, the ultimte particle of
water remains a particle of water still. And what was true of

wat er was true al so, so he conceived, of every other substance.
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Gol d, silver, iron, earth, and the various vegetabl es and ani mal
ti ssues--in short, each and every one of all the different
substances with which experience makes us famliar, is made up of
unit particles which maintain their integrity in whatever

combi nation they may be associated. This inplies, obviously, a
mul ti tude of prinordial particles, each one having an

i ndividuality of its own; each one, like the particle of water

al ready cited, uncreated, unchangeabl e, and indestructible.

Fortunately, we have the phil osopher's own words to gui de us as
to his specul ations here. The fragnments of his witings that have
come down to us (chiefly through the quotations of Sinplicius)
deal al npbst exclusively with these ultimte conceptions of his

i magi nation. In ascribing to him then, this conception of

di verse, uncreated, prinordial elements, which can never be
changed, but can only be m xed together to form substances of the
material world, we are not readi ng back post-Daltonian know edge
into the system of Anaxagoras. Here are his words: "The Greeks do
not rightly use the terns 'coming into being' and 'perishing.'

For nothing conmes into being, nor, yet, does anything perish; but
there is mxture and separation of things that are. So they would
do right in calling 'coming into being" 'm xture' and 'perishing
'separation.' For how could hair come fromwhat is not hair? O

flesh fromwhat is not flesh?"

El sewhere he tells us that (at one stage of the world's

devel opnent) "the dense, the nmoist, the cold, the dark, collected

there where now is earth; the rare, the warm the dry, the
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bri ght, departed towards the further part of the aether. The
earth is condensed out of these things that are separated, for
water is separated fromthe clouds, and earth fromthe water; and
fromthe earth stones are condensed by the cold, and these are

separated farther fromthe water." Here again the influence of
heat and cold in determ ning physical qualities is kept
pre-emnently in mnd. The dense, the noist, 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. Here, then, we have nearly all the
el ements of the Daltonian theory of atons on the one hand, and

t he nebul ar hypot hesis of Laplace on the other. 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 fromall the others, not nerely as
they differ fromone another, but constituting a class by

thensel ves; particles infinitely smaller than the others;
particles that are described as infinite, self-powerful, m xed

wi th nothing, but existing alone. That is to say (interpreting
the theory in the only way that seens pl ausible), these nost
mnute particles do not mix with the other prinordial particles
to formmterial substances in the sane way in which these m xed
wi th one another. But, on the other hand, these "infinite,

sel f-powerful, and unm xed" particles comingle everywhere and in
every substance whatever with the m xed particles that go to nmake

up the substances.

There is a distinction here, it will be observed, which at once

suggests the nodern distinction between physical processes and
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cheni cal processes, or, putting it otherw se, between nol ecul ar
processes and atom c processes; but the reader nust be guarded
agai nst supposi ng that Anaxagoras had any such thought as this in
mnd. Hs ultimte nixable particles can be conpared only with
the Daltonian atom not with the nolecule of the nodern
physicist, and his "infinite, self- powerful, and unn xabl e"
particles are not conparable with anything but the ether of the
nodern physicist, with which hypothetical substance they have
many poi nts of resenblance. But the "infinite, self- powerful

and unm xed" particles constituting thus an ether-1like plenum

whi ch perneates all material structures, have also, in the nind
of Anaxagoras, a function which carries them perhaps a stage
beyond the province of the nodern ether. For these "infinite,

sel f powerful, and unm xed" particles are inbued with, and,

i ndeed, thenselves constitute, what Anaxagoras terms nous, a word
whi ch the nodern translator has usually paraphrased as "mnd."
Nei t her that word nor any other avail able one probably conveys an
accurate i dea of what Anaxagoras nmeant to inply by the word nous.
For himthe word neant not merely "mnd" in the sense of
receptive and conprehending intelligence, but directive and
creative intelligence as well. Again | et Anaxagoras speak for

hi msel f: "Other things include a portion of everything, but nous
is infinite, and self-powerful, and m xed with nothing, but it

exi sts alone, itself by itself. For if it were not by itself, but
were m xed with anything else, it would include parts of al
things, if it were mxed with anything; for a portion of
everything exists in every thing, as has been said by nme before,

and things mngled with it would prevent it from having power
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over anything in the sane way that it does now that it is alone
by itself. For it is the nost rarefied of all things and the
purest, and it has all know edge in regard to everything and the
greatest power; over all that has |ife, both greater and |ess,
nous rules. And nous ruled the rotation of the whole, so that it
set it inrotation in the beginning. First it began the rotation
froma small begi nning, then nore and nore was included in the
notion, and yet nore will be included. Both the nixed and the
separated and distinct, all things nous recognized. And whatever
things were to be, and whatever things were, as many as are now,
and what ever things shall be, all these nous arranged in order
and it arranged that rotation, according to which now rotate
stars and sun and nobon and air and aether, now that they are
separated. Rotation itself caused the separation, and the dense
is separated fromthe rare, the warmfromthe cold, the bright
fromthe dark, the dry fromthe noist. And when nous began to set
things in notion, there was separation from everything that was
in motion, all this was made distinct. The rotation of the things
that were noved and nade distinct caused themto be yet nore

di stinct."[3]

Nous, then, as Anaxagoras conceives it, is "the nost rarefied of
all things, and the purest, and it has know edge in regard to
everything and the greatest power; over all that has life, both

greater and less, it rules." But these are postul ants of
omi presence and omi sci ence. In other words, nous is nothing
| ess than the ommipotent artificer of the material universe. It

| acks nothing of the power of deity, save only that we are not

assured that it created the prinordial particles. The creation of

Get any book for free on: www.Abika.com



A History of Science 160

these particles was a conception that for Anaxagoras, as for the
nmoder n Spencer, |ay beyond the range of imagination. Nous is the
artificer, working with "uncreated" particles. Back of nous and
the particles lies, for an Anaxagoras as for a Spencer, the
Unknowabl e. But nous itself is the equivalent of that universa
energy of notion which science recogni zes as operating between
the particles of matter, and which the theol ogi st personifies as
Deity. It is Pantheistic deity as Anaxagoras conceives it; his
may be called the first scientific conception of a non-

ant hr oponor phic god. In elaborating this conception Anaxagoras
proved hinself one of the nobst remarkable scientific dreamers of
antiquity. To have substituted for the G eek Pantheon of

ant hroponorphic deities the conception of a non-anthroponorphic
imaterial and ethereal entity, of all things in the world "the

nost rarefied and the purest,” is to have perforned a feat which
considering the age and the environment in which it was
acconpl i shed, staggers the inagination. As a strictly scientific
acconpl i shmrent the great thinker's conception of prinordia

el enents contained a germof the truth which was to |ie dornmant
for 2200 years, but which then, as nodified and vitalized by the
genius of Dalton, was to domi nate the new chem cal science of the
ni neteenth century. |If there are intinmations that the prinordia
el ement of Anaxagoras and of Dalton may turn out in the near
future to be itself a conpound, there will still remain the yet
finer particles of the nous of Anaxagoras to baffle the nost
subtl e analysis of which to-day's science gives us any

pre-vision. Al in all, then, the work of Anaxagoras nust stand

as that of perhaps the nost far-seeing scientific imgination of
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pre-Socratic antiquity.

LEUCI PPUS AND DEMOCRI TUS

But we nust not leave this alluring field of speculation as to
the nature of matter without referring to another scientific
guess, which soon foll owed that of Anaxagoras and was destined to
gain even wi der fane, and which in nodern tinmes has been sonewhat
unjustly held to eclipse the glory of the other achi evenent. W
mean, of course, the atom c theory of Leucippus and Denocritus.
This theory reduced all matter to prinordial elenments, called
atons <gr atoma> because they are by hypothesis incapabl e of
further division. These atonms, making up the entire materia

uni verse, are in this theory conceived as qualitatively
identical, differing fromone another only in size and perhaps in
shape. The union of different-sized atons in endl ess conbi nations
produces the diverse substances with which our senses neke us

famliar.

Before we pass to a consideration of this alluring theory, and
particularly to a conparison of it with the theory of Anaxagoras,
we nmust catch a glinpse of the personality of the nen to whomthe
theory owes its origin. One of these, Leucippus, presents so
uncertain a figure as to be alnost nythical. Indeed, it was |ong
guesti oned whether such a man had actually |ived, or whether be
were not really an invention of his alleged disciple, Denpcritus.
Latterday schol arship, however, accepts himas a real personage

t hough knowi ng scarcely nore of himthan that he was the author
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of the fanpus theory with which his name was associated. It is
suggested that he was a wanderer, |ike nost philosophers of his
time, and that later in life he came to Abdera, in Thrace, and
through this circunstance becanme the teacher of Denobcritus. This
fabl e answers as well as another. What we really know is that
Denocritus hinself, through whose writings and teachings the
atom c theory gai ned vogue, was born in Abdera, about the year
460 B.C.--that is to say, just about the tine when his great
precursor, Anaxagoras, was mgrating to Athens. Denocritus, like
nost others of the early Greek thinkers, lives in tradition as a
pi cturesque figure. It is vaguely reported that he travelled for
atinme, perhaps in the East and in Egypt, and that then he
settled down to spend the remai nder of his Iife in Abdera.

Vet her or not he visited Athens in the course of his wanderings
we do not know. At Abdera he was revered as a sage, but his

i nfluence upon the practical civilization of the time was not
mar ked. He was pre-eminently a dreanmer and a witer. Like his
confreres of the epoch, he entered all fields of thought. He

wrote vol um nously, but, unfortunately, his writings have, for

the nost part, perished. The fables and traditions of a |ater day

asserted that Denocritus had voluntarily put out his own eyes
that he m ght turn his thoughts inward with nore concentration
Doubtless this is fiction, yet, as usual with such fictions, it
contains a germof truth; for we may well suppose that the
promul gator of the atomic theory was a nman whose mnd was
attracted by the subtleties of thought rather than by the
tangibilities of observation. Yet the term "l aughing

phi | osopher,"” which seens to have been universally applied to
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Denocritus, suggests a nmind not altogether withdrawn fromthe

world of practicalities.

So nmuch for Denocritus the man. Let us return nowto his theory
of atoms. This theory, it nust be confessed, nmade no very great

i mpression upon his contenporaries. It found an expositor, a
little later, in the phil osopher Epicurus, and later still the
poet Lucretius gave it popul ar expression. But it seened scarcely
nore than the dream of a phil osopher or the vagary of a poet

until the day when nodern science began to penetrate the
nysteries of matter. When, finally, the researches of Dalton and
his followers had placed the atom c theory on a surer footing as
the foundati on of nodern chem stry, the ideas of the old |aughing
phi | osopher of Abdera, which all along had been half derisively
remenbered, were recalled with a new interest. Now it appeared
that these ideas had curiously foreshadowed ni net eenth-century
know edge. It appeared that away back in the fifth century B.C. a
man had dreanmed out a conception of the ultinate nature of matter
whi ch had waited all these centuries for corroboration. And now
the historians of philosophy becane nore than anxi ous to do

justice to the nenory of Denpbcritus.

It is possible that this effort at poetical restitution has
carried the enthusiast too far. There is, indeed, a curious
suggestiveness in the theory of Denocritus; there is

phil osophical allurenment in his reduction of all matter to a
single elenent; it contains, it may be, not nerely a germof the
sci ence of the nineteenth-century chem stry, but perhaps the

gerns al so of the yet undevel oped chem stry of the twentieth
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century. Yet we dare suggest that in their enthusiasmfor the
atom c theory of Denocritus the historians of our generation have
done sonething |l ess than justice to that phil osopher's precursor
Anaxagoras. And one suspects that the nmere accident of a name has
been instrunental in producing this result. Denocritus called his
prinordi al el ement an atom Anaxagoras, too, conceived a
prinmordial elenent, but he called it nerely a seed or thing; he
failed to christen it distinctively. Mdern science adopted the
word atom and gave it universal vogue. It owed a debt of
gratitude to Denocritus for supplying it the word, but it
sonmewhat overpaid the debt in too closely |inking the new neani ng
of the word with its old original one. For, let it be clearly
understood, the Daltonian atomis not precisely conparable with
the atom of Denocritus. The atom as Denocritus conceived it, was
noni stic; all atoms, according to this hypothesis, are of the
same substance; one atomdiffers fromanother nerely in size and
shape, but not at all in quality. But the Daltoni an hypothesis
conceived, and nearly all the experinmental efforts of the

ni neteenth century seened to prove, that there are nunerous

cl asses of atons, each differing in its very essence fromthe

ot hers.

As the case stands to-day the chenist deals with seventy-odd
subst ances, which he calls elenents. Each one of these substances
is, as he conceives it, made up of elenentary atoms having a

uni que personality, each differing in quality fromall the
others. As far as experinent has thus far safely carried us, the

atom of gold is a prinordial elenent which remains an at om of
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gold and nothing else, no matter with what other atoms it is
associ ated. So, too, of the atom of silver, or zinc, or
sodium-in short, of each and every one of the seventy-odd

el enents. There are, indeed, as we shall see, experinments that
suggest the dissolution of the atom-that suggest, in short, that
the Daltonian atomis m snaned, being a structure that may, under
certain conditions, be broken asunder. But these experinents
have, as yet, the warrant rather of philosophy than of pure

sci ence, and to-day we demand that the philosophy of science

shal | be the handmai d of experinent.

When experinment shall have denonstrated that the Daltonian atom
is a conpound, and that in truth there is but a single true atom
whi ch, combining with its fellows perhaps in varying nunbers and
in different special relations, produces the Daltonian atomns,
then the phil osophical theory of nmonismw |l have the
experinmental warrant which to-day it lacks; then we shall be a
step nearer to the atom of Denobcritus in one direction, a step
farther away in the other. W shall be nearer, in that the
conception of Denobcritus was, in a sense, monistic; farther away,
in that all the atons of Denocritus, large and small alike, were
considered as permanently fixed in size. Denobcritus postul ated
all his atons as of the sane substance, differing not at all in
quality; yet he was obliged to conceive that the varying size of
the atonms gave to them varying functions which amunted to
qualitative differences. He nmight claimfor his largest atomthe
same quality of substance as for his smallest, but so |ong as he
conceived that the | arge atons, when adjusted together to forma

tangi bl e substance, formed a substance different in quality from
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t he substance which the small atoms woul d make up when sinmilarly
grouped, this concession anbunts to the predication of difference
of quality between the atons thensel ves. The entire question
reduces itself virtually to a qui bble over the word quality, So

| ong as one atom conceived to be prinordial and indivisible is
conceded to be of such a nature as necessarily to produce a
different inpression on our senses, when grouped with its
fellows, fromthe inpression produced by other atons when
simlarly grouped, such prinordial atons do differ anong
themsel ves in precisely the same way for all practical purposes

as do the prinordial elenments of Anaxagoras.

The noni stic conception towards which twentieth- century

chemi stry seens to be carrying us nmay perhaps show that all the
so-call ed atons are conmpounded of a single elenent. All the true
atons nmaking up that elenment may then properly be said to have
the sane quality, but none the less will it remain true that the
combi nations of that elenent that go to nmake up the different

Dal toni an atons differ from one another in quality in precisely
the sane sense in which such tangi bl e substances as gold, and
oxygen, and nmercury, and dianonds differ fromone another. In the
| ast anal ysis of the nonistic philosophy, there is but one
substance and one quality in the universe. In the w dest view of
t hat phil osophy, gold and oxygen and nercury and di anonds are one
substance, and, if you please, one quality. But such refinenents
of analysis as this are for the transcendental phil osopher, and
not for the scientist. Watever the allurenent of such reasoning,

we mnmust for the purpose of science et words have a specific
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meani ng, nor nust we let a nmere word-jugglery blind us to the
evi dence of facts. That was the rock on which G eek science
foundered; it is the rock which the nodern hel nsman soneti nes
finds it difficult to avoid. And if we mistake not, this case of
the atom of Denobcritus is precisely a case in point. Because
Denocritus said that his atons did not differ in quality, the
noder n phil osopher has seen in his theory the essentials of

nmoni sm has discovered in it not nerely a forecast of the

chemi stry of the nineteenth century, but a forecast of the
hypot heti cal chemi stry of the future. And, on the other hand,
because Anaxagoras predicted a different quality for his
prinmordi al elenents, the phil osopher of our day has discredited

the prinordial el enent of Anaxagoras.

Yet if our analysis does not |ead us astray, the theory of
Denocritus was not truly nonistic; his indestructible atons,
differing fromone another in size and shape, utterly incapable
of being changed fromthe formwhich they had nmai ntained fromthe
begi nning, were in reality as truly and prinordially different as
are the prinordial elenents of Anaxagoras. In other words, the
atom of Denobcritus is nothing | ess than the prinordial seed of
Anaxagoras, a little nore tangibly visualized and given a

di stinctive name. Anaxagoras explicitly conceived his elenments as
invisibly small, as infinite in nunber, and as nade up of an

i ndefinite nunber of kinds--one for each distinctive substance in
the world. But precisely the sane postul ates are nmade of the atom
of Denocritus. These also are invisibly small; these also are
infinite in nunmber; these also are made up of an indefinite

nunmber of kinds, corresponding with the observed difference of
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substances in the world. "Primtive seeds," or "atons," were
ali ke conceived to be prinordial, un- changeable, and

i ndestructible. Wherein then lies the difference? W answer,
chiefly in a name; alnost solely in the fact that Anaxagoras did
not attenmpt to postul ate the physical properties of the el enents
beyond stating that each has a distinctive personality, while
Denocritus did attenpt to postul ate these properties. He, too,
adnmitted that each kind of elenent has its distinctive

personality, and he attenpted to visualize and describe the

characteristics of the personality.

Thus whil e Anaxagoras tells us nothing of his el ements except
that they differ fromone another, Denopcritus postul ates a
difference in size, inmagines sone el enents as heavier and sone as
lighter, and conceives even that the el enents nay be provided
with projecting hooks, with the aid of which they |ink thensel ves
one with another. No one to-day takes these crude visualizings
seriously as to their details. The sole elenment of truth which

t hese dreami ngs contain, as distinguishing themfromthe

dreanm ngs of Anaxagoras, is in the conception that the various
atons differ in size and weight. Here, indeed, is a vague
fore-shadowi ng of that chem stry of form which began to cone into
prom nence towards the cl ose of the nineteenth century. To have
forecast even dinmly this newest phase of chem cal know edge,
across the abyss of centuries, is indeed a feat to put Denocritus
in the front rank of thinkers. But this estimate should not blind
us to the fact that the pre-vision of Denpcritus was but a slight

el aboration of a theory which had its origin with another
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t hi nker. The associ ati on between Anaxagoras and Denocritus cannot
be directly traced, but it is an association which the historian
of ideas should never for a nonent forget. If we are not to be

m sl ed by mere word-jugglery, we shall recognize the founder of
the atomic theory of matter in Anaxagoras; its expositors along
slightly different lines in Leucippus and Denpcritus; its

re-di scoverer of the nineteenth century in Dalton. Al in all
then, just as Anaxagoras preceded Denobcritus in tine, so nust he
t ake precedence over himalso as an inductive thinker, who
carried the use of the scientific imagination to its farthest

reach.

An analysis of the theories of the two nmen | eads to sonewhat the
same conclusion that mght be reached froma conparison of their
lives. Anaxagoras was a sceptical, experinmental scientist, gifted
al so with the prophetic inmagination. He reasoned always fromthe
particular to the general, after the manner of true induction
and he scarcely took a step beyond the confines of secure

i nduction. True scientist that he was, he could content hinself
with postulating different qualities for his elements, w thout
pretending to know how these qualities could be defined. Hs

el ements were by hypothesis invisible, hence he would not attenpt
to visualize them Denocritus, on the other hand, refused to
recogni ze this barrier. \Wiere he could not know, he still did not
hesitate to guess. Just as he conceived his atomof a definite
formwith a definite structure, even so he conceived that the

at nosphere about himwas full of invisible spirits; he accepted
the current superstitions of his tine. Like the average G eeks of

his day, he even believed in such onmens as those furnished by
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i nspecting the entrails of a fow. These chance bits of biography
are weat her- vanes of the mind of Denocritus. They tend to
substantiate our conviction that Denpcritus nmust rank bel ow
Anaxagoras as a devotee of pure science. But, after all, such
conparisons and estimates as this are utterly futile. The
essential fact for us is that here, in the fifth century before
our era, we find put forward the npbst penetrating guess as to the
constitution of matter that the history of ancient thought has to
present to us. In one direction, the avenue of progress is
barred; there will be no farther step that way till we cone down

the centuries to the tine of Dalton

HI PPOCRATES AND GREEK MEDI Cl NE

These studies of the constitution of matter have carried us to
the limts of the field of scientific inagination in antiquity;
et us now turn sharply and consider a departnment of science in
which theory joins hands with practicality. Let us witness the

begi nni ngs of scientific therapeutics.

Medi ci ne anong the early Greeks, before the tinme of Hippocrates,
was a crude m xture of religion, necromancy, and mnysticism
Tenpl es were erected to the god of nedicine, aescul apius, and
sick persons nade their way, or were carried, to these tenples,
where they sought to gain the favor of the god by suitable

of ferings, and learn the way to regain their health through

renmedi es or nmethods revealed to themin dreans by the god. When

Get any book for free on: www.Abika.com



A History of Science 171

the patient had been thus cured, he placed a tablet in the tenple
descri bing his sickness, and telling by what nethod the god had
cured him He again made suitable offerings at the tenple, which
were sonetimes in the formof gold or silver representations of
the di seased organ--a gold or silver nodel of a heart, hand,

foot, etc.

Neverthel ess, despite this belief in the supernatural, nmany drugs
and healing lotions were enployed, and the G eek physicians
possessed considerable skill in dressing wounds and bandagi ng.

But they did not depend upon these surgical dressings al one,
using with themcertain appropriate prayers and incantations,
recited over the injured nmenber at the tinme of applying the

dr essi ngs.

Even the very early G eeks had | earned sonet hing of anatomy. The
dai ly contact with wounds and broken bones nust of necessity |ead
to a crude understandi ng of anatony in general. The first G eek
anat onmi st, however, who is recognized as such, is said to have
been Al cnmaeon. He is said to have nmade extensive dissections of
the lower aninmals, and to have described many hitherto unknown
structures, such as the optic nerve and the Eustachian canal --the
smal |l tube leading into the throat fromthe ear. He is credited
wi th many uni que expl anati ons of natural phenomena, such as, for
exanpl e, the explanation that "hearing is produced by the holl ow

bone behind the ear; for all hollow things are sonorous." He was
a rationalist, and he taught that the brain is the organ of m nd.
The sources of our information about his work, however, are

unreliable.

Get any book for free on: www.Abika.com



A History of Science 172

Denocedes, who lived in the sixth century B.C., is the first
physi ci an of whom we have any trustworthy history. We learn from
Her odotus that he canme from Croton to aegi na, where, in
recognition of his skill, he was appointed nmedical officer of the
city. From aegina he was called to Athens at an increased salary,
and later was in charge of nedical affairs in several other G eek
cities. He was finally called to Sanps by the tyrant Pol ycrates,
who reigned there from about 536 to 522 B.C. But on the death of
Pol ycrates, who was nurdered by the Persians, Denmpcedes becane a
slave. His fame as a physician, however, had reached the ears of
the Persian nonarch, and shortly after his capture he was
permtted to show his skill upon King Darius hinmself. The Persian
nonarch was suffering froma sprained ankle, which his Egyptian
surgeons had been unable to cure. Denpcedes not only cured the

i njured menber but used his influence in saving the lives of his

Egyptian rivals, who had been condemmed to death by the king.

At another time he showed his skill by curing the queen, who was
suffering froma chronic abscess of |ong standing. This so

pl eased the nonarch that he offered himas a reward anything he
m ght desire, except his liberty. But the costly gifts of Darius
did not satisfy himso Iong as he remained a slave; and
determined to secure his freedom at any cost, he volunteered to

| ead sone Persian spies into his native country, promising to use
his influence in converting sone of the |eading nmen of his nation
to the Persian cause. Laden with the wealth that had been heaped

upon him by Darius, he set forth upon his nission, but upon
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reaching his native city of Croton he threw off his mask,

renounced his Persian mssion, and becane once nore a free G eek.

While the story of Denpbcedes throws little |ight upon the nedica
practices of the tine, it shows that paid city nmedical officers
existed in Greece as early as the fifth and sixth centuries B.C
Even then there were different "schools" of nedicine, whose

di sci ples disagreed radically in their nethods of treating

di seases; and there were also specialists in certain diseases,
qgquacks, and charl atans. Sone physici ans depended entirely upon
external lotions for healing all disorders; others were

"hydr ot her apeuti sts"” or "bath- physicians"; while there were a
host of physicians who adnmi ni stered a great variety of herbs and
drugs. There were al so nmmgi ci ans who pretended to heal by
sorcery, and great nunbers of bone-setters, oculists, and

denti sts.

Many of the wealthy physicians had hospitals, or clinics, where
patients were operated upon and treated. They were not hospitals
i n our nodern understanding of the term but were nore |ike

di spensaries, where patients were treated tenporarily, but were
not allowed to renmain for any length of tine. Certain communities
establ i shed and supported these di spensaries for the care of the

poor .

But anythi ng approaching a rational system of nedicine was not
established, until H ppocrates of Cos, the "father of nedicine,"
came upon the scene. In an age that produced Phidias, Lysias,

Her odot us, Sophocles, and Pericles, it seens but natural that the
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medi cal art should find an exponent who would rise above
superstitious dognas and |lay the foundation for a nedica

science. His rejection of the supernatural alone stanps the
greatness of his genius. But, besides this, he introduced nore
detail ed observation of diseases, and denonstrated the inportance

that attaches to prognosis.

Hi ppocrates was born at Cos, about 460 B.C., but spent nobst of
his Iife at Larissa, in Thessaly. He was educated as a physician
by his father, and travelled extensively as an itinerant
practitioner for several years. His travels in different clinmates
and anong many di fferent people undoubtedly tended to sharpen his
keen sense of observation. He was a practical physician as wel

as a theorist, and, withal, a clear and concise witer. "Life is

short,"” he says, "opportunity fleeting, judgment difficult,
treatment easy, but treatnent after thought is proper and

profitable."

Hi s know edge of anatony was necessarily very inperfect, and was
gained largely fromhis predecessors, to whom he gave ful

credit. Dissections of the human body were forbidden him and he
was obliged to confine his experinmental researches to operations
on the lower animals. H's know edge of the structure and
arrangenent of the bones, however, was fairly accurate, but the
anatony of the softer tissues, as he conceived it, was a queer
jumbling together of blood-vessels, nuscles, and tendons. He does

refer to "nerves," to be sure, but apparently the structures

referred to are the tendons and |iganents, rather than the nerves
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t hemsel ves. He was better acquainted with the principal organs in
the cavities of the body, and knew, for exanple, that the heart
is divided into four cavities, two of which he supposed to

contain blood, and the other two air

Hi s nmost revolutionary step was his divorcing of the supernatura
fromthe natural, and establishing the fact that disease is due
to natural causes and should be treated accordingly. The effect
of such an attitude can hardly be over-estinmated. The
establishnment of such a theory was naturally followed by a close
observation as to the course of diseases and the effects of
treatment. To facilitate this, he introduced the custom of
writing down his observations as he made them-the "clinica

hi story" of the case. Such clinical records are in use all over
the world to-day, and their inportance is so obvious that it is
al nost i nconprehensi ble that they should have fallen into disuse
shortly after the tinme of Hi ppocrates, and not brought into

general use again until alnpst two thousand years |ater

But scarcely less inportant than his recognition of disease as a
nat ural phenonenon was the inportance he attributed to prognosis.
Prognosis, in the sense of prophecy, was common before the tine
of Hi ppocrates. But prognosis, as he practised it and as we
understand it to-day, is prophecy based on careful observation of
the course of diseases--sonething nore than superstitious

conj ecture.

Al t hough Hi ppocratic nedicine rested on the belief in natura

causes, neverthel ess, dogma and theory held an inportant place.
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The hunoral theory of disease was an all-inportant one, and so
fully was this theory accepted that it influenced the science of
medi cine all through succeeding centuries. According to this
celebrated theory there are four hunors in the body-- bl ood,

phl egm yellow bile, and black bile. Wen these hunors are m xed
in exact proportions they constitute health; but any deviations
fromthese proportions produce disease. In treating di seases the
ai m of the physician was to di scover which of these hunors were
out of proportion and to restore themto their natura
equilibrium It was in the nmethods enployed in this restitution
rather than a di sagreenent about the hunors thensel ves, that

resulted in the various "school s" of nedicine.

In many ways the surgery of Hi ppocrates showed a better

under standi ng of the structure of the organs than of their
functions. Sone of the surgical procedures as described by him
are followed, with slight nodifications, to-day. Many of his

nmet hods were entirely lost sight of until nodern tines, and one,
the treatnent of dislocation of the outer end of the collar-bone,

was not revived until sone time in the eighteenth century.

Hi ppocrates, it seens, |ike nodern physicians, sonetines suffered
fromthe ingratitude of his patients. "The physician visits a
patient suffering fromfever or a wound, and prescribes for him?"
he says; "on the next day, if the patient feels worse the bl ane
is laid upon the physician; if, on the other hand, he feels
better, nature is extolled, and the physician reaps no praise."

The essence of this has been repeated in rhyme and prose by
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writers in every age and country, but the "father of medicine"
cautions physicians against allowing it to influence their

attitude towards their profession.

VII1. POST-SOCRATI C SCI ENCE AT ATHENS-- PLATO, ARI STOTLE, AND

THEOPHRASTUS

Doubtl ess it has been noticed that our earlier scientists were as
far renoved as possible fromthe linmitations of specialism In
point of fact, in this early day, know edge had not been
classified as it canme to be |ater on. The phil osopher was, as his
name i nplied, a lover of know edge, and he did not find it beyond
the reach of his capacity to apply hinself to all departnents of
the field of human investigation. It is nothing strange to

di scover that Anaxi mander and the Pyt hagoreans and Anaxagor as
have propounded theories regarding the structure of the cosnos,
the origin and devel opnent of animals and man, and the nature of
matter itself. Nowadays, so enormously involved has becone the
mass of mere facts regarding each of these departnments of

knowl edge that no one man has the tenerity to attenpt to nmaster
themall. But it was different in those days of begi nnings. Then
t he nethods of observation were still crude, and it was quite the
custom for a thinker of forceful personality to find an eager

foll owi ng anong di sci pl es who never thought of putting his
theories to the test of experiment. The great |esson that true
science in the last resort depends upon observati on and

measur enent, upon conpass and bal ance, had not yet been | earned,
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t hough here and there a thinker |ike Anaxagoras had gai ned an

i nkling of it.

For the nonent, indeed, there in Attica, which was now, thanks to
t hat out burst of Periclean culture, the centre of the world's
civilization, the trend of thought was to take quite another
direction. The very year which saw the birth of Denpcritus at
Abdera, and of Hippocrates, nmarked also the birth, at Athens, of
anot her remarkabl e man, whose influence it would scarcely be
possible to over-estinmate. This man was Socrates. The main facts
of his history are famliar to every one. It will be recalled
that Socrates spent his entire |life in Athens, mngling
everywhere with the popul ace; haranguing, so the tradition goes,
every one who would |isten; inculcating noral |essons, and
finally incurring the di sapprobation of at |[east a voting
majority of his fellowcitizens. He gathered about him a conpany
of remarkable men with Plato at their head, but this could not
save himfromthe di sapprobation of the nmultitudes, at whose
hands he suffered death, legally adm nistered after a public
trial. The facts at conmand as to certain custons of the G eeks
at this period make it possible to raise a question as to whether
the alleged "corruption of youth," with which Socrates was
charged, may not have had a different inplication from what
posterity has preferred to ascribe to it. But this thought,

al nost shocking to the nodern m nd and seemi ng al t oget her

sacril egious to nost students of Greek phil osophy, need not here
detain us; neither have we nmuch concern in the present connection

with any part of the teaching of the martyred phil osopher. For
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the historian of metaphysics, Socrates nmarks an epoch, but for

the historian of science he is a nmuch | ess consequential figure.

Simlarly regarding Plato, the aristocratic Athenian who sat at
the feet of Socrates, and through whose witings the teachings of
the master found wi dest currency. Some students of phil osophy
find in Plato "the greatest thinker and witer of all tine."[1]
The student of science nust recognize in hima thinker whose
poi nt of view was essentially non-scientific; one who tended

al ways to reason fromthe general to the particular rather than
fromthe particular to the general. Plato's witings covered

al nost the entire field of thought, and his i deas were presented
with such literary charmthat successive generations of readers
turned to themwi th unflagging interest, and gave them wi de
currency through copies that finally preserved themto our own
time. Thus we are not obliged in his case, as we are in the case
of every other Greek phil osopher, to estimate his teachings

| argely from hearsay evidence. Plato hinself speaks to us
directly. It is true, the literary formwhich he al ways adopt ed,
namel y, the dial ogue, does not give quite the same certainty as
to when he is expressing his own opinions that a nore direct
narrative woul d have given; yet, in the main, there is little
doubt as to the tenor of his own opinions--except, indeed, such
doubt as al ways attaches to the phil osophical reasoning of the

abstract thinker.

What is chiefly significant fromour present standpoint is that
the great ethical teacher had no significant nessage to give the

wor |l d regardi ng the physical sciences. He apparently had no
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sharply defined opinions as to the nechani smof the universe; no
cl ear conception as to the origin or devel opnent of organic

bei ngs; no tangible ideas as to the problens of physics; no
favorite dreans as to the nature of matter. Virtually his back
was turned on this entire field of thought. He was under the sway
of those innate ideas which, as we have urged, were anong the
earliest inductions of science. But he never for a nonent
suspected such an origin for these ideas. He supposed his
conceptions of being, his standards of ethics, to |lie back of al
experience; for himthey were the nost fundamental and nost
dependabl e of facts. He criticised Anaxagoras for having tended
to deduce general |aws from observation. As we noderns see it,
such criticismis the highest possible praise. It is a criticism
that marks the distinction between the scientist who is also a
phi | osopher and the phil osopher who has but a vague notion of
physi cal science. Plato seemed, indeed, to realize the val ue of
scientific investigation; he referred to the astronom cal studies
of the Egyptians and Chal deans, and spoke hopefully of the
results that m ght accrue were such studies to be taken up by
that Greek mind which, as he justly conceived, had the power to
vitalize and enrich all that it touched. But he told here of what
he woul d have ot hers do, not of what he hinself thought of doing.
Hi s voice was prophetic, but it stinmulated no worker of his own

tinme.

Plato hinmself had travelled widely. It is a fanmliar |egend that

he lived for years in Egypt, endeavoring there to penetrate the

mysteries of Egyptian science. It is said even that the rudinments
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of geonetry which he acquired there influenced all his |ater
teachings. But be that as it may, the historian of science nust
recogni ze in the founder of the Acadeny a noral teacher and

nmet aphysi cal dreaner and sociol ogi st, but not, in the nodern
acceptance of the term a scientist. Those wi der phases of

bi ol ogi cal science which find their expression in metaphysics, in
ethics, in political econony, lie w thout our present scope; and
for the devel opnent of those subjects with which we are nore
directly concerned, Plato, like his naster, has a negative

signi ficance.

ARI STOTLE (384-322 B.C.)

VWhen we pass to that third great Athenian teacher, Aristotle, the
case is far different. Here was a man whose name was to be
received as al nost a synonym for Greek science for nore than a

t housand years after his death. Al through the M ddle Ages his
writings were to be accepted as virtually the |ast word regarding
t he problems of nature. We shall see that his followers actually
preferred his mandate to the testinony of their own senses. W
shall see, further, that nodern science progressed sonewhat in
proportion as it overthrew the Aristotelian dogmas. But the
traditions of seventeen or eighteen centuries are not easily set
aside, and it is perhaps not too nuch to say that the nane of
Aristotle stands, even in our own tinme, as vaguely representative
in the popular mind of all that was hi ghest and best in the
science of antiquity. Yet, perhaps, it would not be going too far

to assert that sonething like a reversal of this judgnent would

Get any book for free on: www.Abika.com

181



A History of Science

be nearer the truth. Aristotle did, indeed, bring together a
great mass of facts regarding animals in his work on natura

hi story, which, being preserved, has been deenmed to entitle its
author to be called the "father of zoology." But there is no
reason to suppose that any considerable portion of this work
contai ned matter that was novel, or recorded observations that
were original with Aristotle; and the classifications there
outlined are at best but a vague foreshadow ng of the el aboration
of the science. Such as it is, however, the natural history
stands to the credit of the Stagirite. He nust be credited, too,
with a clear enunciation of one nost inportant scientific
doctrine--nanely, the doctrine of the spherical figure of the
earth. We have already seen that this theory originated with the
Pyt hagor ean phil osophers out in Italy. W have seen, too, that

t he doctrine had not nade its way in Attica in the tinme of
Anaxagoras. But in the intervening century it had gai ned w de
currency, else so essentially conservative a thinker as Aristotle
woul d scarcely have accepted it. He did accept it, however, and
gave the doctrine clearest and nost preci se expression. Here are

his words: [ 2]

"As to the figure of the earth it must necessarily be
spherical.... If it were not so, the eclipses of the noon would
not have such sections as they have. For in the configurations in
the course of a nonth the deficient part takes all different
shapes; it is straight, and concave, and convex; but in eclipses

it always has the |ine of divisions convex; wherefore, since the
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nmoon is eclipsed in consequence of the interposition of the
earth, the periphery of the earth nmust be the cause of this by
having a spherical form And again, fromthe appearance of the
stars it is clear, not only that the earth is round, but that its
size is not very large; for when we nmake a small rempval to the
south or the north, the circle of the horizon becones pal pably
different, so that the stars overhead undergo a great change, and
are not the same to those that travel in the north and to the
south. For sone stars are seen in Egypt or at Cyprus, but are not
seen in the countries to the north of these; and the stars that
in the north are visible while they nake a conplete circuit,
there undergo a setting. So that fromthis it is manifest, not
only that the formof the earth is round, but also that it is a
part of a not very |large sphere; for otherwi se the difference
woul d not be so obvious to persons nmaeking so small a change of

pl ace. Wherefore we may judge that those persons who connect the
region in the neighborhood of the pillars of Hercules with that
towards India, and who assert that in this way the sea is one, do
not assert things very inprobable. They confirmthis conjecture
nor eover by the el ephants, which are said to be of the sane
speci es towards each extreme; as if this circunstance was a
consequence of the conjunction of the extrenmes. The

mat hemati ci ans who try to cal culate the neasure of the
circunference, nmake it anmount to four hundred thousand stadia;
whence we collect that the earth is not only spherical, but is

not |arge conpared with the magni tude of the other stars.”

But in giving full nmeed of praise to Aristotle for the

promul gation of this doctrine of the sphericity of the earth, it
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nmust unfortunately be added that the conservative phil osopher
paused wi t hout taking one other inportant step. He could not
accept, but, on the contrary, he expressly repudi ated, the
doctrine of the earth's notion. W have seen that this idea al so
was a part of the Pythagorean doctrine, and we shall have
occasion to dwell nore at length on this point in a succeeding
chapter. It has even been contended by sone critics that it was
the adverse conviction of the Peripatetic phil osopher which, nore
than any other single influence, tended to retard the progress of
the true doctrine regardi ng the mechani sm of the heavens.
Aristotle accepted the sphericity of the earth, and that doctrine
became a commmonpl ace of scientific know edge, and so conti nued

t hroughout cl assical antiquity. But Aristotle rejected the
doctrine of the earth's notion, and that doctrine, though

promul gated actively by a few contenporaries and i medi ate
successors of the Stagirite, was then dooned to sink out of view
for nore than a thousand years. If it be a correct assunption
that the influence of Aristotle was, in a |arge neasure,
responsi ble for this result, then we shall perhaps not be far
astray in assum ng that the great founder of the Peripatetic
school was, on the whole, nore instrunental in retarding the
progress of astrononical science that any other one man that ever

lived.

The field of science in which Aristotle was pre-enmnently a
pat hfinder is zoology. His witings on natural history have
| argely been preserved, and they constitute by far the nost

i mportant contribution to the subject that has come down to us
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fromantiquity. They show us that Aristotle had gai ned possession
of the wi dest range of facts regarding the ani mal ki ngdom and,
what is far nore inportant, had attenpted to classify these
facts. In so doing he became the founder of systematic zool ogy.
Aristotle's classification of the ani mal ki ngdom was known and
studi ed throughout the M ddl e Ages, and, in fact, remained in
vogue until superseded by that of Cuvier in the nineteenth
century. It is not to be supposed that all the terns of
Aristotle's classification originated with him Sone of the

di visions are too patent to have escaped the observation of his
predecessors. Thus, for example, the distinction between birds
and fishes as separate classes of animals is so obvious that it
nmust appeal to a child or to a savage. But the efforts of
Aristotle extended, as we shall see, to | ess patent
generalizations. At the very outset, his grand division of the
ani mal ki ngdom i nto bl ood-bearing and bl oodl ess animals inplies a
very broad and phil osophi cal conception of the entire aninal

ki ngdom The nodern physiol ogi st does not accept the
classification, inasnmuch as it is now known that colorless fluids
performthe functions of blood for all the | ower organisms. But
the fact remmnins that Aristotle's grand divisions correspond to
the grand divisions of the Lamarcki an system-vertebrates and

i nvertebrates-- which every one now accepts. Aristotle, as we
have said, based his classification upon observation of the

bl ood; Lamarck was gui ded by a study of the skeleton. The fact
that such diverse points of view could direct the observer
towards the sane result gives, inferentially, a suggestive |esson
in what the nodern physiol ogi st calls the honol ogi es of parts of

t he organi sm
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Aristotle divides his so-called bl ood-bearing animals into five
classes: (1) Four-footed animals that bring forth their young
alive; (2) birds; (3) egg-laying four- footed animals (including
what nodern naturalists call reptiles and anphi bians); (4) whal es
and their allies; (5) fishes. This classification, as will be
observed, is not so very far afield fromthe nodern divisions
into mmmal s, birds, reptiles, anphibians, and fishes. That
Aristotle should have recogni zed the fundanental distinction
between fishes and the fish- |ike whales, dol phins, and porpoises
proves the far from superficial character of his studies.
Aristotle knew that these aninals breathe by neans of |ungs and
that they produce living young. He recogni zed, therefore, their
affinity with his first class of animals, even if he did not,

i ke the nmodern naturalist, consider these affinities close
enough to justify bringing the two types together into a single

cl ass.

The bl oodl ess animals were al so divided by Aristotle into five
cl asses--nanely: (1) Cephal opoda (the octopus, cuttle-fish,
etc.); (2) weak-shelled aninmals (crabs, etc.); (3) insects and
their allies (including various forns, such as spiders and
centi pedes, which the nodern classifier prefers to place by
themsel ves); (4) hard-shelled animls (clanms, oysters, snails,
etc.); (5) a conglonerate group of marine forns, including
star-fish, sea-urchins, and various anomal ous forms that were
regarded as linking the animal to the vegetable worlds. This

classification of the lower forns of animal |ife continued in
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vogue until Cuvier substituted for it his fanmous grouping into
articul ates, nollusks, and radi ates; which grouping in turn was

in part superseded later in the nineteenth century.

What Aristotle did for the aninmal kingdom his pupil
Theophrastus, did in some nmeasure for the vegetabl e ki ngdom
Theophrastus, however, was nmuch | ess a classifier than his
master, and his work on botany, called The Natural History of
Devel opnent, pays conparatively slight attention to theoretica
questions. It deals largely with such practicalities as the
maki ng of charcoal, of pitch, and of resin, and the effects of
various plants on the ani mal organi smwhen taken as foods or as
medicines. In this regard the work of Theophrastus, is nore
nearly akin to the natural history of the fanpus Roman conpiler,
Pliny. It remai ned, however, throughout antiquity as the nost

i nportant work on its subject, and it entitles Theophrastus to be
called the "father of botany." Theophrastus deals also with the
m neral kingdom after nmuch the sane fashion, and here again his

work is the nobst notable that was produced in antiquity.

I X. GREEK SCI ENCE OF THE ALEXANDRI AN OR HELLEN STI C PERI OD

We are entering now upon the nost inportant scientific epoch of
antiquity. When Aristotle and Theophrastus passed fromthe scene,
At hens ceased to be in any sense the scientific centre of the
world. That city still retained its rem niscent glory, and cannot

be ignored in the history of culture, but no great scientific
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| eader was ever again to be born or to take up his permanent
abode within the confines of G eece proper. Wth al nost

catacl ysm ¢ suddenness, a new intellectual centre appeared on the
south shore of the Mediterranean. This was the city of

Al exandria, a city which Al exander the G eat had founded during
his brief visit to Egypt, and which becanme the capital of Ptoleny
Soter when he chose Egypt as his portion of the disnmenbered
enpire of the great Macedoni an. Ptol eny had been with his naster
in the East, and was with himin Babylonia when he died. He had
therefore cone personally in contact w th Babyl oni an
civilization, and we cannot doubt that this had a nost inportant

i nfluence upon his life, and through hi mupon the new
civilization of the West. In point of culture, Alexandria nust be
regarded as the successor of Babylon, scarcely less directly than
of Greece. Follow ng the Babyl oni an nodel, Ptoleny erected a
great nuseum and began collecting a library. Before his death it
was sai d that he had collected no fewer than two hundred thousand
manuscri pts. He had gathered al so a conpany of great teachers and
founded a school of science which, as has just been said, nmade

Al exandria the culture-centre of the worl d.

Athens in the day of her prinme had known nothing quite like this.
Such private citizens as Aristotle are known to have had
libraries, but there were no great public collections of books in
At hens, or in any other part of the Greek domain, until Ptoleny
founded his fanobus library. As is well known, such libraries had
exi sted in Babylonia for thousands of years. The character which

t he Ptol emai ¢ epoch took on was no doubt due to Babyl oni an
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i nfluence, but quite as much to the personal experience of

Ptol eny hinself as an explorer in the Far East. The narvell ous
conquering journey of Al exander had enornpusly w dened the

hori zon of the Greek geographer, and stinulated the inmagination
of all ranks of the people, It was but natural, then, that
geography and its parent science astronony should occupy the
attention of the best mnds in this succeedi ng epoch. In point of
fact, such a conpany of star-gazers and earth-nmeasurers cane upon
the scene in this third century B.C. as had never before existed
anywhere in the world. The whole trend of the tinme was towards
mechanics. It was as if the greatest thinkers had squarely faced
about fromthe attitude of the nystical philosophers of the
precedi ng century, and had set thenselves the task of solving al
the nmechanical riddles of the universe, They no | onger troubled

t hemsel ves about problenms of "being" and "becom ng"; they gave
but little heed to netaphysical subtleties; they demanded t hat
their thoughts should be gauged by objective realities. Hence
there arose a succession of great geoneters, and their
conceptions were applied to the construction of new nmechani ca
contrivances on the one hand, and to the el aboration of theories

of sidereal mechanics on the other

The wonderful conpany of nmen who perforned the feats that are
about to be recorded did not all find their hone in Al exandria,
to be sure; but they all cane nore or |ess under the Al exandrian
i nfluence. W shall see that there are two other inportant
centres; one out in Sicily, alnpst at the confines of the G eek
territory in the west; the other in Asia Mnor, notably on the

i sland of Sanpbs--the island which, it will be recalled, was at an
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earlier day the birthplace of Pythagoras. But whereas in the
previ ous century colonists fromthe confines of the civilized
world cane to Athens, now all eyes turned towards Al exandria, and
so inproved were the facilities for comunication that no doubt

t he di scoveries of one coterie of workers were known to all the
ot hers nmuch nmore quickly than had ever been possible before. W

| earn, for exanple, that the studies of Aristarchus of Sanps were
definitely known to Archi nedes of Syracuse, out in Sicily.

I ndeed, as we shall see, it is through a chance reference
preserved in one of the witings of Archinmedes that one of the
nost inportant specul ations of Aristarchus is made known to us.
This illustrates sufficiently the interconmunication through

whi ch the thought of the Al exandrian epoch was brought into a
singl e channel. We no longer, as in the day of the earlier
school s of Greek phil osophy, have isol ated groups of thinkers.
The scientific drana is now played out upon a single stage; and
if we pass, as we shall in the present chapter, from Al exandria
to Syracuse and from Syracuse to Sanps, the shift of scenes does

no violence to the dramatic unities.

Not wi t hst andi ng the nunmber of great workers who were not properly
Al exandrians, none the |less the epoch is with propriety terned

Al exandrian. Not nerely in the third century B.C., but throughout
the | apse of at |east four succeeding centuries, the city of

Al exander and the Ptolem es continued to hold its place as the
undi sputed culture-centre of the world. During that period Rone
rose to its pinnacle of glory and began to decline, w thout ever

challenging the intell ectual supremacy of the Egyptian city. W
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shall see, in a later chapter, that the Al exandrian influences
were passed on to the Mohammedan conquerors, and every one is
aware that when Al exandria was finally overthrown its place was
taken by another Greek city, Byzantium or Constantinople. But
that transfer did not occur until Al exandria had enjoyed a | onger
peri od of supremacy as an intellectual centre than had perhaps
ever before been granted to any city, with the possible

exception of Babyl on.

EUCLI D (ABOUT 300 B.C.)

Qur present concern is with that first wonderful devel opnent of
scientific activity which began under the first Ptol eny, and

whi ch presents, in the course of the first century of Al exandrian
i nfluence, the nost remarkable coterie of scientific workers and
thinkers that antiquity produced. The earliest group of these new
| eaders in science had at its head a man whose nane has been a
househol d word ever since. This was Euclid, the father of
systematic geonetry. Tradition has preserved to us but little of
the personality of this remarkable teacher; but, on the other
hand, his nost inportant work has cone down to us inits

entirety. The El ements of Geonetry, with which the name of Euclid
is associated in the mnd of every school -boy, presented the

chi ef propositions of its subject in so sinple and logical a form
that the work renmmi ned a textbook everywhere for nore than two

t housand years. Indeed it is only now beginning to be superseded.
It is not twenty years since English mathematicians coul d depl ore

the fact that, despite certain rather obvious defects of the work
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of Euclid, no better textbook than this was available. Euclid's
wor k, of course, gives expression to much know edge that did not
originate with him W have already seen that several inportant
propositions of geonetry had been devel oped by Thal es, and one by
Pyt hagoras, and that the rudi nents of the subject were at |east
as old as Egyptian civilization. Precisely how nuch Euclid added
through his own investigations cannot be ascertained. It seens
probabl e that he was a di ffuser of know edge rather than an
originator, but as a great teacher his fane is secure. He is
credited with an epigramwhich in itself mght insure him
perpetuity of fame: "There is no royal road to geonetry,"” was his
answer to Ptol enmy when that ruler had questi oned whether the

El ements m ght not be sinplified. Doubtless this, |ike nost
simlar good sayings, is apocryphal; but whoever invented it has

made the world his debtor.

HEROPHI LUS AND ERASI STRATUS

The catholicity of Ptoleny's tastes led him naturally enough, to
cultivate the biological no | ess than the physical sciences. In
particular his influence permtted an epochal advance in the
field of medicine. Two anatomi sts becanme fanous through the

i nvestigations they were permtted to make under the patronage of
the enlightened ruler. These earliest of really scientific

i nvestigators of the nechani smof the human body were naned

Her ophi l us and Erasistratus. These two anatoni sts gained their

know edge by the dissection of human bodies (theirs are the first
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records that we have of such practices), and King Ptol eny hinself
is said to have been present at sone of these dissections. They
were the first to discover that the nerve- trunks have their
originin the brain and spinal cord, and they are credited al so
with the discovery that these nerve-trunks are of two different
ki nds--one to convey notor, and the other sensory inpul ses. They
di scovered, described, and naned the coverings of the brain. The
name of Herophilus is still applied by anatoni sts, in honor of
the di scoverer, to one of the sinuses or |arge canals that convey
the venous bl ood fromthe head. Herophilus also noticed and
descri bed four cavities or ventricles in the brain, and reached

t he concl usion that one of these ventricles was the seat of the
soul --a belief shared until conparatively recent tinmes by nany
physi ol ogi sts. He made al so a careful and fairly accurate study
of the anatony of the eye, a greatly inproved the old operation

for cataract.

Wth the increased know edge of anatomy cane al so correspondi ng
advances in surgery, and many experinental operations are said to
have been perfornmed upon condemmed criminals who were handed over
to the surgeons by the Ptolemes. Wiile many nodern writers have
attenpted to discredit these assertions, it is not inprobable
that such operations were performed. In an age when human |ife
was held so cheap, and anong a people accustomed to torturing
condemed prisoners for conparatively slight offences, it is not
unlikely that the surgeons were allowed to inflict perhaps |ess
pai nful tortures in the cause of science. Furthernmore, we know

t hat condemmed criminals were sonetinmes handed over to the

medi cal profession to be "operated upon and killed in whatever
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way they thought best” even as late as the sixteenth century.
Tertullian[ 1] probably exaggerates, however, when he puts the

nunber of such victins in Al exandria at six hundred.

Had Her ophilus and Erasi stratus been as happy in their deductions
as to the functions of the organs as they were in their know edge
of anatomny, the science of nedicine would have been placed upon a
very high plane even in their time. Unfortunately, however, they
not only drew erroneous inferences as to the functions of the
organs, but al so disagreed radically as to what functions certain
organs perfornmed, and how di seases should be treated, even when
agreeing perfectly on the subject of anatomy itself. Their
contribution to the know edge of the scientific treatnent of

di seases holds no such place, therefore, as their anatonica

i nvesti gati ons.

Hal f 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 anatom sts of the Al exandrian school
Hi s reputati on has been handed down through the centuries as that
of a physician, rather than a surgeon, although in his own tine
he was consi dered one of the great surgeons of the period.
Her acl i des bel onged to the "Enpiric" school, which rejected
anatony as usel ess, depending entirely on the use of drugs. He is
t hought to have been the first physician to point out the val ue
of opiumin certain painful diseases. H's prescription of this
drug for certain cases of "sleepl essness, spasm cholera, and

colic," shows that his use of it was not unlike that of the
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nodern physician in certain cases; and his treatnent of fevers,
by keeping the patient's head cool and facilitating the
secretions of the body, is still recognized as "good practice."
He advocated a free use of liquids in quenching the fever
patient's thirst--a recogni zed therapeutic nmeasure to-day, but

one that was wi dely condemmed a century ago.

ARCHI MEDES OF SYRACUSE AND THE FOUNDATI ON OF MECHANI CS

We do not know just when Euclid died, but as he was at the height
of his fane in the time of Ptoleny |., whose reign ended in the
year 285 B.C., it is hardly probable that he was still living
when a young man naned Archi medes canme to Al exandria to study.
Archi medes was born in the Greek colony of Syracuse, on the
island of Sicily, in the year 287 B.C. When he visited Al exandria
he probably found Apollonius of Perga, the pupil of Euclid, at
the head of the nmathematical school there. Just how | ong

Archi nedes remai ned at Al exandria is not known. \Wen he had
satisfied his curiosity or conpleted his studies, he returned to
Syracuse and spent his life there, chiefly under the patronage of

King Hiero, who seens fully to have appreciated his abilities.

Archi medes was primarily a mathematician. Left to his own

devi ces, he woul d probably have devoted his entire tine to the
study of geonetrical problens. But King Hiero had discovered that
hi s protege had wonderful mechanical ingenuity, and he nmade good
use of this discovery. Under stress of the king's urgings, the

phi |l osopher was led to invent a great variety of nechanica
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contrivances, sone of them nost curious ones. Antiquity credited
himwith the invention of nore than forty machines, and it is
these, rather than his purely mathematical discoveries, that gave
hi s name popul ar vogue both anong his contenporaries and with
posterity. Every one has heard of the screw of Archinedes,

t hrough which the paradoxi cal effect was produced of meking water
seemto flow up hill. The best idea of this curious nechanismis
obtained if one will take in hand an ordi nary corkscrew, and

i magi ne this instrunent to be changed into a holl ow tube,
retaining precisely the same shape but increased to some feet in
length and to a proportionate dianmeter. If one will hold the
corkscrew in a slanting direction and turn it slowly to the
right, supposing that the point dips up a portion of water each
time it revolves, one can in imagination follow the flow of that
portion of water fromspiral to spiral, the water always running
downward, of course, yet paradoxically being |ifted higher and

hi gher towards the base of the corkscrew, until finally it pours
out (in the actual Archinedes' tube) at the top. There is another
formof the screw in which a revolving spiral blade operates
within a cylinder, but the principle is precisely the sanme. Wth
either formwater may be lifted, by the mere turning of the
screw, to any desired height. The ingenious nmechani smexcited the
wonder of the contenporaries of Archinedes, as well it mght.
More efficient devices have superseded it in nodern times, but it
still excites the admration of all who exanmne it, and its

ef fects seem as paradoxi cal as ever.

Some ot her of the nechani sns of Archi nedes have been nmade known
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to successive generations of readers through the pages of

Pol ybi us and Plutarch. These are the devices through which

Archi nedes aided King Hiero to ward off the attacks of the Roman
general Marcellus, who in the course of the second Punic war laid

si ege to Syracuse.

Plutarch, in his |life of Marcellus, describes the Roman's attack
and Archi nedes' defence in nmuch detail. Incidentally he tells us
al so how Archi nedes cane to make the devices that rendered the

si ege so fampus:

“"Marcel lus hinself, with threescore galleys of five rowers at
every bank, well armed and full of all sorts of artillery and
fireworks, did assault by sea, and rowed hard to the wall, having
made a great engine and device of battery, upon eight galleys
chai ned together, to batter the wall: trusting in the great

nmul titude of his engines of battery, and to all such other
necessary provision as he had for wars, as also in his own
reputati on. But Archi nedes made |ight account of all his devices,
as indeed they were nothing conparable to the engines hinself had
invented. This inventive art to frane instrunments and engi nes
(which are called nechanical, or organical, so highly commended
and esteened of all sorts of people) was first set forth by
Architas, and by Eudoxus: partly to beautify a little the science
of geonetry by this fineness, and partly to prove and confirm by
mat eri al exanpl es and sensible instrunments, certain geonetrica
concl usi ons, where of a man cannot find out the conceivable
denmonstrations by enforced reasons and proofs. As that concl usion

whi ch instructeth one to search out two |ines nean proportional
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whi ch cannot be proved by reason denonstrative, and yet

notwi thstanding is a principle and an accepted ground for many
things which are contained in the art of portraiture. Both of
them have fashioned it to the workmanship of certain instrunents,
cal |l ed nesol abes or nesographs, which serve to find these nean
lines proportional, by drawing certain curve |lines, and
overthwart and oblique sections. But after that Plato was

of fended with them and numintained agai nst them that they did
utterly corrupt and disgrace, the worthi ness and excel |l ence of
geonetry, making it to descend fromthings not conprehensible and
wi t hout body, unto things sensible and nmaterial, and to bring it
to a pal pabl e substance, where the vile and base handi work of man
is to be enployed: since that tine, | say, handicraft, or the art
of engines, canme to be separated from geonetry, and being | ong

ti me despised by the philosophers, it cane to be one of the

warlike arts.

"But Archinmedes having told King Hiero, his kinsman and friend,
that it was possible to remove as great a wei ght as he woul d,
with as little strength as he listed to put to it: and boasting
hi msel f thus (as they report of hin) and trusting to the force of
hi s reasons, wherewith he proved this conclusion, that if there
wer e anot her gl obe of earth, he was able to renove this of ours,
and pass it over to the other: King Hiero wondering to hear him
required himto put his device in execution, and to make him see
by experience, sone great or heavy weight renoved, by little
force. So Archinmedes caught hold with a book of one of the

greatest carects, or hulks of the king (that to draw it to the
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shore out of the water required a marvell ous number of people to
go about it, and was hardly to be done so) and put a great nunber
of men nore into her, than her ordinary burden: and he hinself
sitting alone at his ease far off, w thout any straining at all
drawi ng the end of an engine with many wheel s and pulleys, fair
and softly with his hand, nade it come as gently and snmoothly to
him as it had floated in the sea. The king wondering to see the
si ght, and knowi ng by proof the greatness of his art; be prayed
himto nmake hi m sone engines, both to assault and defend, in al
manner of sieges and assaults. So Archi nedes made hi m many

engi nes, but King Hiero never occupied any of them because he
reigned the nost part of his time in peace without any wars. But
this provision and rmunition of engines, served the Syracusan's
turn marvel lously at that tinme: and not only the provision of the
engi nes ready made, but also the engi neer and wor k- nmaster

hi msel f, that had i nvented them

"Now t he Syracusans, seeing thensel ves assaulted by the Romans,
both by sea and by | and, were marvellously perpl exed, and coul d
not tell what to say, they were so afraid: imagining it was

i mpossible for themto withstand so great an army. But when
Archinmedes fell to handling his engines, and to set them at
liberty, there flewin the air infinite kinds of shot, and
marvel | ous great stones, with an incredible noise and force on
t he sudden, upon the footmen that canme to assault the city by

| and, bearing down, and tearing in pieces all those which cane
agai nst them or in what place soever they |ighted, no earthly
body being able to resist the violence of so heavy a weight: so

that all their ranks were marvel |l ously disordered. And as for the
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gal l eys that gave assault by sea, some were sunk with | ong pieces
of tinmber lIike unto the yards of ships, whereto they fasten their
sails, which were suddenly bl owmn over the walls with force of
their engines into their galleys, and so sunk them by their over

great weight."

Pol ybi us descri bes what was perhaps the nost inportant of these
contrivances, which was, he tells us, "a band of iron, hangi ng by
a chain fromthe beak of a machine, which was used in the

foll owi ng manner. The person who, like a pilot, guided the beak
having let fall the hand, and catched hold of the prow of any
vessel, drew down the opposite end of the nachine that was on the
inside of the walls. And when the vessel was thus raised erect
upon its stem the machine itself was held i nmovabl e; but, the
chai n being suddenly | oosened fromthe beak by the neans of
pul | eys, sone of the vessels were thrown upon their sides, others
turned with the bottom upwards; and the greatest part, as the
prows were plunged from a consi derable height into the sea, were
filled with water, and all that were on board thrown into tunult

and di sorder.

"Marcellus was in no small degree enbarrassed,"” Pol ybius

conti nues, "when he found hinself encountered in every attenmpt by
such resistance. He perceived that all his efforts were defeated
with loss; and were even derided by the enemy. But, am dst al

the anxiety that he suffered, he could not help jesting upon the

i nventions of Archinedes. This man, said he, enploys our ships as
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buckets to draw water: and boxi ng about our sackbuts, as if they
were unworthy to be associated with him drives themfromhis
conpany with disgrace. Such was the success of the siege on the

side of the sea."

Subsequently, however, Marcellus took the city by strategy, and
Archi medes was killed, contrary, it is said, to the express
orders of Marcellus. "Syracuse being taken," says Plutarch

"not hing grieved Marcellus nore than the | oss of Archinmedes. Wo,
being in his study when the city was taken, busily seeking out by
hi msel f the denonstrati on of some geonetrical proposition which
he had drawn in figure, and so earnestly occupied therein, as he
nei ther saw nor heard any noi se of enenies that ran up and down
the city, and nuch less knew it was taken: he wondered when he
saw a soldier by him that bade himgo with himto Mrcell us.

Not wi t hst andi ng, he spake to the soldier, and bade himtarry
until he had done his conclusion, and brought it to
denonstration: but the soldier being angry with his answer, drew
out his sword and killed him Ohers say, that the Roman sol dier
when he cane, offered the sword's point to him to kill him and
that Archi nedes when he saw him prayed himto hold his hand a
little, that he might not |eave the matter he | ooked for

i mperfect, without denonstration. But the soldier making no
reckoning of his speculation, killed himpresently. It is
reported a third way al so, saying that certain soldiers met him
in the streets going to Marcellus, carrying certain mathematica
instruments in alittle pretty coffer, as dials for the sun
spheres, and angles, wherewith they nmeasure the greatness of the

body of the sun by view and they supposing he had carried sone
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gold or silver, or other precious jewels in that little coffer
slew himfor it. But it is npst certain that Marcellus was
marvel | ously sorry for his death, and ever after hated the
villain that slew him as a cursed and execrabl e person: and how
he had made al so marvel |l ous nuch afterwards of Archi nedes

kinsnmen for his sake."

We are further indebted to Plutarch for a sunmary of the
character and influence of Archinedes, and for an interesting
suggestion as to the estimte which the great phil osopher put
upon the relative inportance of his own discoveries.

"Not wi t hst andi ng Archi nedes had such a great m nd, and was so
profoundly | earned, having hidden in himthe only treasure and
secrets of geonetrical inventions: as be would never set forth
any book how to make all these warlike engines, which won him at
that time the fane and glory, not of man's know edge, but rather
of divine wisdom But he esteenming all kind of handicraft and

i nvention to nake engi nes, and generally all manner of sciences
bringi ng common commdity by the use of them to be but vile,
beggarly, and nercenary dross: enployed his wit and study only to
write things, the beauty and subtlety whereof were not m ngled
anything at all with necessity. For all that he hath witten, are
geonetrical propositions, which are w thout comnparison of any
other witings whatsoever: because the subject where of they
treat, doth appear by denpbnstration, the naker gives themthe
grace and the greatness, and the denpnstration proving it so
exquisitely, with wonderful reason and facility, as it is not

repugnable. For in all geonetry are not to be found nmore profound
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and difficult matters witten, in nore plain and sinple terns,
and by nore easy principles, than those which he hath invented.
Now some do inpute this, to the sharpness of his wit and
under st andi ng, which was a natural gift in him others do refer
it to the extrene pains he took, which nmade these things cone so
easily fromhim that they seened as if they had been no trouble
to himat all. For no man living of hinself can devise the
denonstration of his propositions, what pains soever he take to
seek it: and yet straight so soon as he coneth to declare and
open it, every man then imagineth with hinmself he could have
found it out well enough, he can then so plainly make
denonstration of the thing he neaneth to show. And therefore that
methinks is likely to be true, which they wite of him that he
was so ravished and drunk with the sweet enticenments of this
siren, which as it were lay continually with him as he forgot
his nmeat and drink, and was carel ess otherw se of hinself, that
oftentines his servants got himagainst his will to the baths to
wash and anoint him and yet being there, he would ever be
drawi ng out of the geonetrical figures, even in the very inbers
of the chimey. And while they were anointing of himwth oils
and sweet savours, with his finger he did draw |ines upon his
naked body: so far was he taken from hinself, and brought into an
ecstasy or trance, with the delight he had in the study of
geonetry, and truly ravished with the | ove of the Mises. But
anongst many notabl e things he devised, it appeareth, that he
nost esteened the denpnstration of the proportion between the
cylinder (to wit, the round columm) and the sphere or gl obe
contained in the same: for he prayed his kinsnen and friends,

that after his death they would put a cylinder upon his tonb,
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contai ning a massy sphere, with an inscription of the proportion

wher eof the continent exceedeth the thing contained."[2]

It should be observed that neither Pol ybius nor Plutarch nmentions
the use of burning-glasses in connection with the siege of
Syracuse, nor indeed are these referred to by any other ancient
writer of authority. Nevertheless, a story gai ned credence down
to alate day to the effect that Archinedes had set fire to the
fleet of the eneny with the aid of concave nmirrors. An experinment
was made by Sir |Isaac Newmton to show the possibility of a
phenonmenon so well in accord with the genius of Archinmedes, but
the silence of all the early authorities nakes it nore than

doubt f ul whet her any such expedi ent was really adopted.

It will be observed that the chief principle involved in al
these nechanisns was a capacity to transmt great power through
| evers and pulleys, and this brings us to the nobst inportant
field of the Syracusan phil osopher's activity. It was as a
student of the lever and the pulley that Archinmedes was led to
sone of his greatest nechanical discoveries. He is even credited
with being the discoverer of the conpound pulley. Mre likely he
was its devel oper only, since the principle of the pulley was
known to the ol d Babyl onians, as their scul ptures testify. But
there is no reason to doubt the general outlines of the story
that Archi nedes astounded King Hiero by proving that, with the
aid of nultiple pulleys, the strength of one man could suffice to

drag the largest ship fromits noorings.
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The property of the lever, fromits fundamental principle, was
studied by him beginning with the self- evident fact that "equa
bodi es at the ends of the equal arns of a rod, supported on its
m ddl e point, will balance each other"; or, what anpunts to the
same thing stated in another way, a regular cylinder of uniform
matter will balance at its middle point. Fromthis starting-point
he el aborated the subject on such clear and satisfactory
principles that they stand to-day practically unchanged and with
few additions. Fromall his studies and experinents he finally
formul ated the principle that "bodies will be in equilibrio when
their distance fromthe ful crumor point of support is inversely

as their weight." He is credited with having sunmed up his
estimate of the capabilities of the lever with the well-known
expression, "Gve ne a fulcrumon which to rest or a place on

which to stand, and | will nove the earth."”

But perhaps the feat of all others that npst appealed to the

i magi nati on of his contenporaries, and possibly also the one that
had the greatest bearing upon the position of Archinedes as a
scientific discoverer, was the one nade famliar through the tale
of the crown of Hiero. This crown, so the story goes, was
supposed to be nmade of solid gold, but King Hiero for sone reason
suspected the honesty of the jeweller, and desired to know if
Archi medes coul d devise a way of testing the question w thout
injuring the crown. G eek inmagination seldom spoiled a story in
the telling, and in this case the tale was allowed to take on the
nost picturesque of phases. The phil osopher, we are assured,
pondered the problemfor a long tine wthout succeeding, but one

day as he stepped into a bath, his attention was attracted by the
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overflow of water. A new train of ideas was started in his
ever-receptive brain. WIld with enthusiasmhe sprang fromthe
bath, and, forgetting his robe, dashed along the streets of
Syracuse, shouting: "Eureka! Eureka!" (I have found it!) The

t hought that had cone into his mind was this: That any heavy
subst ance nust have a bul k proportionate to its weight; that gold
and silver differ in weight, bulk for bulk, and that the way to
test the bul k of such an irregular object as a crown was to
imrerse it in water. The experinment was nade. A lunmp of pure gold
of the weight of the crown was imersed in a certain receptacle
filled with water, and the overfl ow noted. Then a |unmp of pure
silver of the sane weight was simlarly inmersed; lastly the
crown itself was i mersed, and of course--for the story nust not
lack its dramatic sequel --was found bul kier than its weight of
pure gold. Thus the genius that could balk warriors and arm es

could also foil the wiles of the silversnith.

What ever the truth of this picturesque narrative, the fact
remai ns that sone, such experinents as these nmust have paved the
way for perhaps the greatest of all the studies of

Archi nedes--those that relate to the buoyancy of water. Leaving
the field of fable, we must now exam ne these with sone
precision. Fortunately, the witings of Archinmedes hinself are
still extant, in which the results of his remarkabl e experinments
are related, so we may present the results in the words of the

di scoverer.

Here they are: "First: The surface of every coherent liquid in a
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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
immrersed 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 inthe liquid will sink so deep as to displ ace
the mass of |iquid equal in weight to another body. Fourth: If a
body which is lighter than a liquid is forcibly imersed in the
liquid, it will be pressed upward with a force corresponding to
the weight of a |ike volume of water, |ess the weight of the body
itself. Fifth: Solid bodies which, bulk for bulk, are heavier
than a liquid, when immrersed in the liquid sink to the bottom
but become in the liquid as much lighter as the weight of the

di spl aced water itself differs fromthe weight of the solid."
These propositions are not difficult to denonstrate, once they
are conceived, but their discovery, conbined with the discovery
of the laws of statics already referred to, may justly be

consi dered as proving Archi medes the nost inventive experinmenter

of antiquity.

Curiously enough, the discovery which Archinedes hinself is said
to have considered the nost inportant of all his innovations is
one that seenms much less striking. It is the answer to the
question, What is the relation in bulk between a sphere and its
circunscribing cylinder? Archinedes finds that the ratio is
sinmply two to three. W are not inforned as to how he reached his
concl usi on, but an obvious nmethod would be to imerse a ball in a

cylindrical cup. The experinment is one which any one can nmake for
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hi msel f, with approxi mate accuracy, with the aid of a tunbler and
a solid rubber ball or a billiard-ball of just the right size.
Anot her geonetrical problem which Archi nedes sol ved was the
problemas to the size of a triangle which has equal area with a
circle; the answer being, a triangle having for its base the
circunference of the circle and for its altitude the radius.

Ar chi nedes sol ved al so the problemof the relation of the

di aneter of the circle to its circunference; his answer being a
cl ose approximation to the famliar 3.1416, which every tyro in

geonetry will recall as the equival ent of pi

Numer ous ot her of the studies of Archinedes having reference to
conic sections, properties of curves and spirals, and the liKke,
are too technical to be detailed here. The extent of his

mat hemati cal know edge, however, is suggested by the fact that he
conputed in great detail the nunmber of grains of sand that would
be required to cover the sphere of the sun's orbit, meking
certain hypothetical assunptions as to the size of the earth and
the distance of the sun for the purposes of argunent.

Mat hematicians find his conputation peculiarly interesting
because it evidences a crude conception of the idea of

| ogarithnms. From our present stand-point, the paper in which this
calcul ation is contained has considerable interest because of its
assunptions as to celestial nechanics. Thus Archi nedes starts out
with the prelimnary assunption that the circunference of the
earth is less than three mllion stadia. It nust be understood
that this assunption is purely for the sake of argument.

Archi medes expressly states that he takes this nunber because it
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is "ten times as large as the earth has been supposed to be by

certain investigators.” Here, perhaps, the reference is to

Er at ost henes, whose nmeasurement of the earth we shall have
occasion to revert to in a nonent. Continuing, Archinmedes asserts
that the sun is larger than the earth, and the earth |arger than
the noon. In this assunption, he says, he is follow ng the

opi nion of the majority of astrononers. In the third place,

Archi medes assunes that the diameter of the sun is not nore than
thirty tinmes greater than that of the noon. Here he is probably
basi ng his argunent upon another set of neasurenents of
Aristarchus, to which, also, we shall presently refer nore at
length. Inreality, his assunption is very far fromthe truth,
since the actual diameter of the sun, as we now know, is
sonmething |i ke four hundred times that of the nmoon. Fourth, the
circunference of the sun is greater than one side of the

t housand- faced figure inscribed in its orbit. The neasurenent,

it is expressly stated, is based on the neasurenments of
Aristarchus, who makes the diameter of the sun 1/170 of its
orbit. Archinedes adds, however, that he hinmself has nmeasured the
angle and that it appears to himto be |l ess than 1/164, and
greater than 1/200 part of the orbit. That is to say, reduced to
nodern term nol ogy, he places the limt of the sun's apparent
size between thirty-three mnutes and twenty-seven mninutes of

arc. As the real dianeter is thirty-two mnutes, this calcul ation
is surprisingly exact, considering the inplenments then at

command. But the honor of first naking it nmust be given to

Aristarchus and not to Archinedes.

We need not follow Archinmedes to the limts of his
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i nconpr ehensi bl e nunbers of sand-grains. The calculation is
chiefly remarkabl e because it was nmade before the introduction of
the so-called Arabic nunerals had sinplified mathematica
calculations. It will be recalled that the Greeks used letters
for nunerals, and, having no cipher, they soon found thensel ves
in difficulties when |arge nunbers were involved. The Roman
system of nunerals sinplified the matter sonewhat, but the
beautiful sinplicity of the deciml systemdid not cone into
vogue until the Mddle Ages, as we shall see. Notwi thstanding the
difficulties, however, Archinedes followed out his calcul ations
to the piling up of bew | dering nunmbers, which the nodern

mat hemati ci an finds to be the consistent outconme of the problem

he had set hinsel f.

But it remains to notice the nmost interesting feature of this
docunent in which the calculation of the sand- grains is
contained. "It was known to ne," says Archi nedes, "that nost
astrononers understand by the expression 'world" (universe) a
ball of which the centre is the mddle point of the earth, and of
which the radius is a straight |line between the centre of the

earth and the sun." Archi nedes hinself appears to accept this
opinion of the majority,--it at |east serves as well as the
contrary hypothesis for the purpose of his calculation,--but he
goes on to say: "Aristarchus of Sampbs, in his witing against the
astrononers, seeks to establish the fact that the world is really
very different fromthis. He holds the opinion that the fixed

stars and the sun are i mMmpvable and that the earth revolves in a

circular line about the sun, the sun being at the centre of this
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circle." This remarkable bit of testinony establishes beyond
guestion the position of Aristarchus of Sanpbs as the Copernicus
of antiquity. We nmust nmake further inquiry as to the teachings of
the man who had gai ned such a remarkable insight into the true

system of the heavens.

ARI STARCHUS OF SAMOS, THE COPERNI CUS OF ANTI QUI TY

It appears that Aristarchus was a contenporary of Archinedes, but
the exact dates of his life are not known. He was actively
engaged in maki ng astronom cal observations in Sanbs sonewhat
before the mddle of the third century B.C.; in other words, just
at the tinme when the activities of the Al exandrian school were at
their height. Hipparchus, at a |ater day, was enabled to conpare
his own observations with those made by Aristarchus, and, as we
have just seen, his work was well known to so distant a
contenporary as Archi medes. Yet the facts of his |ife are al npst
a blank for us, and of his witings only a single one has been
preserved. That one, however, is a nost inportant and interesting
paper on the neasurenents of the sun and the noon. Unfortunately,
this paper gives us no direct clew as to the opinions of
Aristarchus concerning the relative positions of the earth and
sun. But the testinmony of Archinmedes as to this is unequivocal
and this testinony is supported by other runors in thensel ves

| ess authoritative.

In contenplating this astrononer of Sanps, then, we are in the

presence of a man who had solved in its essentials the probl em of
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t he mechani sm of the solar system It appears fromthe words of
Archi medes that Aristarchus; had propounded his theory in
explicit witings. Unquestionably, then, he held to it as a
positive doctrine, not as a nere vague guess. W shall show, in a
nmonment, on what grounds he based his opinion. Had his teaching
found vogue, the story of science would be very different from
what it is. W should then have no tale to tell of a Copernicus
com ng upon the scene fully seventeen hundred years later with
the revol utionary doctrine that our world is not the centre of
the universe. W should not have to tell of the persecution of a
Bruno or of a Galileo for teaching this doctrine in the
seventeenth century of an era which did not begin till two
hundred years after the death of Aristarchus. But, as we know,

t he teaching of the astrononer of Sampbs did not win its way. The
ol d conservative geocentric doctrine, seemingly so nuch nore in
accordance with the every-day observati ons of mankind, supported
by the mpjority of astronomers with the Peripatetic phil osophers
at their head, held its place. It found fresh supporters
presently anong the |l ater Al exandrians, and so fully eclipsed the
heli ocentric view that we should scarcely know that view had even
found an advocate were it not for here and there such a chance
record as the phrases we have just quoted from Archi nedes. Yet,
as we now see, the heliocentric doctrine, which we know to be
true, had been thought out and advocated as the correct theory of
celestial mechanics by at | east one worker of the third century
B.C. Such an idea, we may be sure, did not spring into the nind
of its originator except as the culmnation of a |ong series of

observations and i nferences. The precise character of the
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evol ution we perhaps cannot trace, but its broader outlines are
open to our observation, and we may not |eave so inportant a

topic without at least briefly noting them

Fully to understand the theory of Aristarchus, we must go back a
century or two and recall that as long ago as the tinme of that

ot her great native of Sanpbs, Pythagoras, the conception had been
reached that the earth is in nmotion. We saw, in dealing with

Pyt hagoras, that we could not be sure as to precisely what he

hi nsel f taught, but there is no question that the idea of the
worl d's notion becane froman early day a so-called Pythagorean
doctrine. While all the other philosophers, so far as we know,
still believed that the world was flat, the Pythagoreans out in
Italy taught that the world is a sphere and that the apparent
noti ons of the heavenly bodies are really due to the actua
motion of the earth itself. They did not, however, vault to the
conclusion that this true notion of the earth takes place in the
formof a circuit about the sun. Instead of that, they conceived
the central body of the universe to be a great fire, invisible
fromthe earth, because the inhabited side of the terrestria
ball was turned away fromit. The sun, it was held, is but a
great mrror, which reflects the light fromthe central fire. Sun
and earth alike revolve about this great fire, each in its own
orbit. Between the earth and the central fire there was,
curiously enough, supposed to be an invisible earthlike body

whi ch was given the nane of Anticthon, or counter-earth. This
body, itself revolving about the central fire, was supposed to
shut off the central |ight now and again fromthe sun or fromthe

noon, and thus to account for certain eclipses for which the
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shadow of the earth did not seemresponsible. It was, perhaps,
largely to account for such eclipses that the counter-earth was
invented. But it is supposed that there was another reason. The
Pyt hagoreans held that there is a peculiar sacredness in the
nunber ten. Just as the Babyl onians of the early day and the
Hegel i an phil osophers of a nore recent epoch saw a sacred
connection between the nunber seven and the nunber of planetary
bodi es, so the Pythagoreans thought that the universe nust be
arranged in accordance with the nunber ten. Their count of the
heavenly bodi es, including the sphere of the fixed stars, seened

to show nine, and the counter-earth supplied the m ssing body.

The precise genesis and devel opnent of this idea cannot now be
foll owed, but that it was preval ent about the fifth century B.C.
as a Pyt hagorean doctrine cannot be questi oned. Anaxagoras al so
is said to have taken account of the hypothetical counter-earth
in his explanation of eclipses; though, as we have seen, he
probably did not accept that part of the doctrine which held the
earth to be a sphere. The nanes of Phil ol aus and Heraclides have
been linked with certain of these Pythagorean doctrines. Eudoxus,
too, who, like the others, lived in Asia Mnor in the fourth
century B.C., was held to have nmade special studies of the
heavenly spheres and perhaps to have taught that the earth noves.
So, too, Nicetas must be named anong those whom runor credited

wi th having taught that the world is in notion. In a word, the
evi dence, so far as we can garner it fromthe renmining
fragnents, tends to show that all along, fromthe tine of the

early Pythagoreans, there had been an undercurrent of opinion in
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t he phil osophical world which questioned the fixity of the earth;
and it would seemthat the school of thinkers who tended to
accept the revolutionary view centred in Asia Mnor, not far from
the early hone of the founder of the Pythagorean doctrines. It
was not strange, then, that the man who was finally to carry
these new opinions to their |ogical conclusion should hail from

Sanps.

But what was the support which observation could give to this
new, strange conception that the heavenly bodies do not in
reality nove as they seemto nove, but that their apparent notion
is due to the actual revolution of the earth? It is extrenely
difficult for any one nowadays to put hinmself in a nental
position to answer this question. W are so accustoned to
conceive the solar systemas we know it to be, that we are wont
to forget how very different it is fromwhat it seens. Yet one
needs but to glance up at the sky, and then to gl ance about one
at the solid earth, to grant, on a nmonent's reflection, that the
geocentric idea is of all others the npst natural; and that to
concei ve the sun as the actual Centre of the solar systemis an

i dea which nust | ook for support to sone other evidence than that
whi ch ordi nary observation can give. Such was the view of npbst of
t he anci ent phil osophers, and such continued to be the opinion of
the majority of mankind long after the time of Copernicus. W
must not forget that even so great an observing astrononer as
Tycho Brahe, so late as the seventeenth century, declined to
accept the heliocentric theory, though admtting that all the

pl anets except the earth revolve about the sun. W shall see that

before the Al exandrian school lost its influence a geocentric
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schene had been evol ved which fully explained all the apparent
nmoti ons of the heavenly bodies. Al this, then, makes us but
wonder the nmore that the genius of an Aristarchus could give
precedence to scientific induction as against the seem ngly clear

evi dence of the senses.

What, then, was the line of scientific induction that |ed
Aristarchus to this wonderful goal ? Fortunately, we are able to
answer that query, at least in part. Aristarchus gained his

evi dence through some wonderful neasurenents. First, he neasured
the disks of the sun and the nmoon. This, of course, could in
itself give himno clew to the distance of these bodies, and
therefore no clew as to their relative size; but in attenpting to
obtain such a clew he hit upon a wonderful yet altogether sinple
experinment. It occurred to himthat when the noon is precisely

di chotoni zed-- that is to say, precisely at the half-the |line of
vision fromthe earth to the nobon nust be precisely at right
angles with the line of |ight passing fromthe sun to the noon.
At this nonent, then, the inmaginary lines joining the sun, the
moon, and the earth, meke a right angle triangle. But the
properties of the right-angle triangle had |ong been studied and
were wel |l under stood. One acute angle of such a triangle
deternmines the figure of the triangle itself. W have al ready
seen that Thales, the very earliest of the G eek phil osophers,
measured the distance of a ship at sea by the application of this
principle. Now Aristarchus sights the sun in place of Thales
ship, and, sighting the noon at the sanme tine, neasures the angle

and establishes the shape of his right-angle triangle. This does
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not tell himthe distance of the sun, to be sure, for he does not
know the length of his base-line--that is to say, of the |line

bet ween the nmoon and the earth. But it does establish the
relation of that base-line to the other Iines of the triangle; in
ot her words, it tells himthe distance of the sun in terms of the
noon's distance. As Aristarchus strikes the angle, it shows that
the sun is eighteen tinmes as distant as the noon. Now, by
conparing the apparent size of the sun with the apparent size of
t he noon--which, as we have seen, Aristarchus has already
neasured--he is able to tell us that, the sun is "nore than 5832
times, and |l ess than 8000" tines |arger than the moon; though his
measur enents, taken by thenselves, give no clewto the actua

bul k of either body. These conclusions, be it understood, are
absolutely valid inferences--nay, denonstrations--fromthe

measur enents invol ved, provided only that these measurenents have
been correct. Unfortunately, the angle of the triangle we have
just seen neasured is exceedingly difficult to determne with
accuracy, while at the sanme tine, as a monent's reflection wll
show, it is so large an angle that a very slight deviation from
the truth will greatly affect the distance at which its |ine
joins the other side of the triangle. Then again, it is virtually
i mpossible to tell the precise moment when the nmoon is at half,
as the line it gives is not so sharp that we can fix it with
absol ute accuracy. There is, noreover, another elenment of error
due to the refraction of light by the earth's atnosphere. The
experiment was probably nade when the sun was near the horizon

at which tinme, as we now know, but as Aristarchus probably did
not suspect, the apparent displacenent of the sun's position is

consi derable; and this displacenent, it will be observed, is in
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the direction to | essen the angle in question

In point of fact, Aristarchus estimated the angle at eighty-seven
degrees. Had his instrunent been nore precise, and had he been
able to take account of all the elenments of error, he would have
found it eighty-seven degrees and fifty-two mnutes. The

di fference of nmeasurenment seens slight; but it sufficed to nake
the conputations differ absurdly fromthe truth. The sun is
really not nerely eighteen tinmes but nore than two hundred tines
t he di stance of the nmoon, as Wendel ein discovered on repeating

t he experiment of Aristarchus about two thousand years |ater. Yet
this discrepancy does not in the |east take away fromthe
validity of the method which Aristarchus enpl oyed. Mreover, his
conclusion, stated in general terms, was perfectly correct: the
sun is many tinmes nore distant than the noon and vastly | arger
than that body. Granted, then, that the noon is, as Aristarchus
correctly believed, considerably less in size than the earth, the
sun nust be enornously larger than the earth; and this is the
vital inference which, nore than any other, nust have seened to
Aristarchus to confirmthe suspicion that the sun and not the
earth is the centre of the planetary system It seened to him

i nherently inprobable that an enornously |large body |ike the sun
shoul d revol ve about a small one such as the earth. And again, it
seenmed i nconceivable that a body so distant as the sun should
whirl through space so rapidly as to nmake the circuit of its
orbit in twenty- four hours. But, on the other hand, that a snal
body |i ke the earth should revol ve about the gigantic sun seened

i nherently probable. This proposition granted, the rotation of
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the earth on its axis follows as a necessary consequence in
expl anati on of the seemi ng notion of the stars. Here, then, was
the heliocentric doctrine reduced to a virtual denonstration by
Aristarchus of Sanmps, sonewhere about the middle of the third

century B.C.

It nust be understood that in follow ng out the, steps of
reasoni ng by which we suppose Aristarchus to have reached so
remar kabl e a concl usion, we have to sone extent guessed at the
processes of thought- developnment; for no |ine of explication
written by the astronomer hinmself on this particular point has
cone down to us. There does exist, however, as we have already
stated, a very renmarkable treatise by Aristarchus on the Size and
Di stance of the Sun and the Moon, which so clearly suggests the
nmet hods of reasoning of the great astronomer, and so explicitly
cites the results of his neasurenents, that we cannot well pass
it by without quoting fromit at sone length. It is certainly one
of the nost remarkable scientific docunments of antiquity. As

al ready noted, the heliocentric doctrine is not expressly stated
here. It seens to be tacitly inplied throughout, but it is not a
necessary consequence of any of the propositions expressly
stated. These propositions have to do with certain observations
and neasurenents and what Aristarchus believes to be inevitable
deductions fromthem and he perhaps did not wish to have these
deducti ons chal | enged t hrough associating themw th a theory
which his contenporaries did not accept. In a word, the paper of
Aristarchus is arigidly scientific docunent unvitiated by
association with any theorizings that are not directly germane to

its central thene. The treatise opens with certain hypotheses as
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foll ows:

"First. The nmoon receives its light fromthe sun.

"Second. The earth may be considered as a point and as the centre

of the orbit of the npon.

"Third. When the noon appears to us dichotom zed it offers to our
view a great circle [or actual neridian] of its circunference

which divides the illumnated part fromthe dark part.

"Fourth. When the noon appears dichotom zed its distance fromthe
sun is less than a quarter of the circunference [of its orbit] by

athirtieth part of that quarter.”

That is to say, in nodern term nology, the noon at this tine

| acks three degrees (one thirtieth of ninety degrees) of being at
right angles with the line of the sun as viewed fromthe earth;
or, stated otherw se, the angul ar di stance of the nmoon fromthe
sun as viewed fromthe earth is at this tinme eighty-seven
degrees--this being, as we have already observed, the fundanental
measur enent upon whi ch so much depends. We may fairly suppose
that some previous paper of Aristarchus's has detailed the

measur enent which here is taken for granted, yet which of course

coul d depend solely on observation.

"Fifth. The diameter of the shadow [cast by the earth at the

poi nt where the noon's orbit cuts that shadow when the noon is
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eclipsed] is double the dianmeter of the noon."

Here again a know edge of previously established nmeasurements is
taken for granted; but, indeed, this is the case throughout the

treati se.

"Si xth. The arc subtended in the sky by the noon is a fifteenth
part of a sign" of the zodiac; that is to say, since there are
twenty-four, signs in the zodiac, one-fifteenth of one
twenty-fourth, or in nodern term nol ogy, one degree of arc. This
is Aristarchus's neasurenent of the nobon to which we have al ready
referred when speaki ng of the neasurenents of Archinedes.

"If we adnmit these six hypotheses," Aristarchus continues, "it
follows that the sun is nore than eighteen tinmes nore distant
fromthe earth than is the noon, and that it is |less than twenty
times nore distant, and that the diameter of the sun bears a
corresponding relation to the dianmeter of the noon; which is
proved by the position of the noon when di chotom zed. 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
denonstrated by the relation of the distances, by the position
[of the mobon] in relation to the earth's shadow, and by the fact

that the arc subtended by the noon is a fifteenth part of a

sign."

Aristarchus follows with nineteen propositions intended to
el uci date his hypotheses and to denonstrate his various

contentions. These show a singularly clear grasp of geonmetrica
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probl ems and an al together correct conception of the genera
relations as to size and position of the earth, the nobon, and the
sun. His reasoning has to do largely with the shadow cast by the
earth and by the noon, and it presupposes a consi derable

know edge of the phenonmena of eclipses. His first proposition is
that "two equal spheres may al ways be circunmscribed in a
cylinder; two unequal spheres in a cone of which the apex is
found on the side of the smaller sphere; and a straight |ine
joining the centres of these spheres is perpendicular to each of
the two circles nade by the contact of the surface of the

cylinder or of the cone with the spheres.”

It will be observed that Aristarchus has in mind here the noon,
the earth, and the sun as spheres to be circunscribed within a
cone, which cone is made tangi bl e and measurabl e by the shadows
cast by the non-lum nous bodies; since, continuing, he clearly
states in proposition nine, that "when the sun is totally
ecl i psed, an observer on the earth's surface is at an apex of a

cone conprising the noon and the sun." Various propositions dea
with other relations of the shadows which need not detain us
since they are not fundanentally inportant, and we nmay pass to

the final conclusions of Aristarchus, as reached in his

propositions ten to nineteen

Now, since (proposition ten) "the dianmeter of the sun is nore
than eighteen tines and | ess than twenty tinmes greater than that
of the noon," it follows (proposition eleven) "that the bul k of

the sun is to that of the nmoon in ratio, greater than 5832 to 1
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and | ess than 8000 to 1."

"Proposition sixteen. The dianeter of the sun is to the dianeter
of the earth in greater proportion than nineteen to three, and

| ess 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 | ess than 79, 507

to 216.

"Proposition eighteen. The dianeter of the earth is to the
di aneter of the noon in greater proportion than 108 to 43 and

| ess than 60 to 19.

"Proposition nineteen. The bulk of the earth is to that of the
nmoon in greater proportion than 1,259,712 to 79,507 and | ess than

20,000 to 6859."

Such then are the nore inportant conclusions of this very

remar kabl e paper--a paper which seems to have interest to the
successors of Aristarchus generation after generation, since this
alone of all the witings of the great astrononer has been
preserved. How wi dely the exact results of the nmeasurements of
Aristarchus, differ fromthe truth, we have pointed out as we
progressed. But let it be repeated that this detracts little from
the credit of the astrononer who had such clear and correct
conceptions of the relations of the heavenly bodi es and who

i nvented such correct nethods of measurement. Let it be

particul arly observed, however, that all the conclusions of
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Aristarchus are stated in relative terms. He nowhere attenpts to
estimate the precise size of the earth, of the nobon, or of the
sun, or the actual distance of one of these bodies from another
The obvi ous reason for this is that no data were at hand from
which to make such precise neasurenments. Had Aristarchus known
the size of any one of the bodies in question, he mght readily,
of course, have determ ned the size of the others by the nere
application of his relative scale; but he had no neans of
deternmining the size of the earth, and to this extent his system
of neasurenents remined i nperfect. Where Aristarchus halted,
however, another worker of the same period took the task in hand
and by an altogether wonderful neasurenent deternined the size of
the earth, and thus brought the scientific theories of cosnol ogy
to their climx. This worthy suppl enentor of the work of

Aristarchus was Eratosthenes of Al exandri a.

ERATOSTHENES, "THE SURVEYOR OF THE WORLD'

An al toget her remarkable man was this native of Cyrene, who cane
to Alexandria from Athens to be the chief librarian of Ptol eny
Euergetes. He was not nerely an astrononmer and a geographer, but
a poet and grammarian as well. Hi s contenporaries jestingly
called himBeta the Second, because he was said through the
universality of his attainments to be "a second Plato" in

phi | osophy, "a second Thal es" in astronony, and so on throughout
the list. He was also called the "surveyor of the world," in

recognition of his services to geography. Hipparchus said of him
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perhaps half jestingly, that he had studied astronony as a

geogr apher and geography as an astrononmer. It is not quite clear
whet her the epigramwas neant as conpliment or as criticism
Simlar phrases have been turned agai nst nen of versatile talent
in every age. Be that as it may, Eratosthenes passed into history
as the father of scientific geography and of scientific

chronol ogy; as the astrononer who first nmeasured the obliquity of
the ecliptic; and as the inventive genius who perforned the
astoundi ng feat of nmeasuring the size of the globe on which we
live at a time when only a relatively small portion of that

gl obe's surface was known to civilized man. It is no discredit to
approach astronony as a geographer and geography as an

astrononer if the results are such as these. What

Erat osthenes really did was to approach both astronomy and
geography fromtwo seenm ngly divergent points of attack--namely,
fromthe stand-point of the geonmeter and also fromthat of the
poet. Perhaps no nman in any age has brought a better conbination

of observing and i magi native faculties to the aid of science.

Nearly all the discoveries of Eratosthenes are associated with
observations of the shadows cast by the sun. W have seen that,
in the study of the heavenly bodi es, much depends on the

measur enent of angles. Now the easiest way in which angles can be
measur ed, when sol ar angles are in question, is to pay attention
not to the sun itself, but to the shadow that it casts. W saw

t hat Thal es made sone renmarkabl e measurenents with the aid of
shadows, and we have nore than once referred to the gnonmon, which
is the nmost primtive, but which long remained the nost

i nportant, of astronomical instruments. It is believed that
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Er at ost henes invented an inportant nodification of the gnonon

whi ch was el aborated afterwards by Hi pparchus and called an
armllary sphere. This consists essentially of a small gnonon, or
per pendi cul ar post, attached to a plane representing the earth's
equator and a hem sphere in imtation of the earth's surface.
Wth the aid of this, the shadow cast by the sun could be very
accurately neasured. It involves no new principle. Every

per pendi cul ar post or object of any kind placed in the sunlight
casts a shadow from which the angles now in question could be
roughly measured. The province of the arnmillary sphere was to

meke these nmeasurenents extremely accurate.

Wth the aid of this inplenment, Eratosthenes carefully noted the
| ongest and the shortest shadows cast by the gnonon--that is to
say, the shadows cast on the days of the solstices. He found that
the di stance between the tropics thus neasured represented 47
degrees 42' 39" of arc. One-half of this, or 23 degrees 5,'
19.5", represented the obliquity of the ecliptic--that is to say,
the angle by which the earth's axis dipped fromthe perpendicul ar
with reference to its orbit. This was a nost inportant
observation, and because of its accuracy it has served nodern
astrononers well for conparison in nmeasuring the trifling change
due to our earth's slow, sw nging wobble. For the earth, be it
understood, like a great top spinning through space, holds its
position with relative but not quite absolute fixity. It nust not
be supposed, however, that the experinent in question was quite
new with Eratosthenes. His nmerit consists rather in the accuracy

with which he made his observation than in the novelty of the
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conception; for it is recorded that Eudoxus, a full century
earlier, had remarked the obliquity of the ecliptic. That
observer had said that the obliquity corresponded to the side of
a pentadecagon, or fifteen-sided figure, which is equivalent in
nodern phraseology to twenty- four degrees of arc. But so little
is known regarding the way in whi ch Eudoxus reached his estimte
that the neasurement of Eratosthenes is usually spoken of as if

it were the first effort of the kind.

Much nore striking, at least in its appeal to the popul ar

i magi nati on, was that other great feat which Eratosthenes
performed with the aid of his perfected gnonon--the neasurenent
of the earth itself. When we reflect that at this period the
portion of the earth open to observation extended only fromthe
Straits of G braltar on the west to India on the east, and from
the North Sea to Upper Egypt, it certainly seens enignatical--at
first thought al nbst mracul ous--that an observer should have
been able to neasure the entire globe. That he should have
acconpl i shed this through observati on of nothing nore than a tiny
bit of Egyptian territory and a glinpse of the sun's shadow nakes
it seem but the nore wonderful. Yet the method of Eratosthenes,

i ke many anot her enigma, seens sinple enough once it is
explained. It required but the application of a very elenmentary
knowl edge of the geonetry of circles, conbined with the use of a
fact or two from |l ocal geography--which detracts nothing fromthe
geni us of the man who coul d reason from such sinple prenises to

so wonderful a concl usion.

Stated in a few words, the experinment of Eratosthenes was this.
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Hi s geographi cal studies had taught himthat the town of Syene
lay directly south of Alexandria, or, as we should say, on the
same neridian of latitude. He had | earned, further, that Syene
lay directly under the tropic, since it was reported that at noon
on the day of the summer sol stice the gnonon there cast no
shadow, while a deep well was illumned to the bottom by the sun
A third item of know edge, supplied by the surveyors of Ptoleny,
made the di stance between Syene and Al exandria five thousand
stadi a. These, then, were the prelimnary data required by

Er at ost henes. Their significance consists in the fact that here
is a neasured bit of the earth's arc five thousand stadia in
length. If we could find out what angle that bit of arc subtends,
a nere matter of multiplication would give us the size of the
earth. But how determ ne this all-inportant number? The answer
came through reflection on the relations of concentric circles.
If you draw any nunber of circles, of whatever size, about a
given centre, a pair of radii drawn fromthat centre will cut
arcs of the same relative size fromall the circles. One circle
may be so small that the actual arc subtended by the radii in a
gi ven case may be but an inch in length, while another circle is
so large that its corresponding are is neasured in mllions of
mles; but in each case the sane nunber of so-called degrees will
represent the relation of each arc to its circunference. Now,

Er at ost henes knew, as just stated, that the sun, when on the
nmeri di an on the day of the summer solstice, was directly over the
town of Syene. This neant that at that nonent a radius of the
earth projected from Syene woul d point directly towards the sun.

Meanwhi | e, of course, the zenith would represent the projection

Get any book for free on: www.Abika.com

228



A History of Science

of the radius of the earth passing through Al exandria. All that
was required, then, was to neasure, at Al exandria, the angul ar
di stance of the sun fromthe zenith at noon on the day of the
sol stice to secure an approxi mate neasurenent of the arc of the
sun's circunference, corresponding to the arc of the earth's
surface represented by the neasured distance between Al exandria

and Syene.

The reader will observe that the measurenent could not be

absol utely accurate, because it is made fromthe surface of the
earth, and not fromthe earth's centre, but the size of the earth
is so insignificant in conparison with the distance of the sun

that this slight discrepancy coul d be disregarded.

The way in which Eratosthenes nmeasured this angle was very
sinple. He nerely neasured the angle of the shadow which his

per pendi cul ar gnonon at Al exandria cast at m d-day on the day of
the sol stice, when, as already noted, the sun was directly

per pendi cul ar at Syene. Now a gl ance at the diagramw || make it
clear that the measurenent of this angle of the shadowis nerely
a conveni ent nmeans of determ ning the precisely equal opposite
angl e subtending an arc of an imaginary circle passing through
the sun; the are which, as already explained, corresponds wth
the arc of the earth's surface represented by the distance

bet ween Al exandria and Syene. He found this angle to represent 7
degrees 12', or one-fiftieth of the circle. Five thousand stadia,
then, represent one-fiftieth of the earth's circunference; the
entire circunference being, therefore, 250,000 stadia.

Unfortunately, we do not know which one of the various
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measurenents used in antiquity is represented by the stadia of
Er at ost henes. According to the researches of Lepsius, however,
the stadiumin question represented 180 neters, and this would
make the earth, according to the nmeasurenent of Eratosthenes,
about twenty-eight thousand nmiles in circunference, an answer
sufficiently exact to justify the wonder which the experiment
excited in antiquity, and the admration with which it has ever

since been regarded.

{illustration caption = DI AGRAM TO | LLUSTRATE ERATOSTHENES'

MEASUREMENT OF THE GLOBE

FIG 1. AF is a gnonon at Al exandria; SB a gnonon at Svene; |S
and JK represent the sun's rays. The angle actually nmeasured by
Erat ost henes is KFA, as determ ned by the shadow cast by the
gnonon AF. This angle is equal to the opposite angle JFL, which
nmeasures the sun's distance fromthe zenith; and which is al so
equal to the angle AES--to deternine the Size of which is the

real object of the entire nmeasurement.

FIG 2 shows the formof the gnonon actually enployed in
antiquity. The hem sphere KA being marked with a scale, it is
obvious that in actual practice Eratosthenes required only to set
his gnomon in the sunlight at the proper nmonment, and read off the
answer to his problemat a glance. The sinplicity of the nethod

makes the result seemall the nore wonderful.}

O course it is the nethod, and not its details or its exact
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results, that excites our interest. And beyond question the

met hod was an adnmirable one. Its result, however, could not have
been absol utely accurate, because, while correct in principle,
its data were defective. In point of fact Syene did not lie
precisely on the sane neridian as Alexandria, neither did it lie
exactly on the tropic. Here, then, are two el ements of

i naccuracy. Moreover, it is doubtful whether Eratosthenes nade

al | owance, as he shoul d have done, for the sem -dianeter of the
sun in measuring the angle of the shadow. But these are nere
details, scarcely worthy of nention from our present stand-point.
VWhat perhaps is deserving of nore attention is the fact that this
epoch- maki ng nmeasurenent of Eratosthenes may not have been the
first one to be nade. A passage of Aristotle records that the
size of the earth was said to be 400,000 stadia. Sone

coment ators have thought that Aristotle nerely referred to the
area of the inhabited portion of the earth and not to the
circunference of the earth itself, but his words seem doubtfully
susceptible of this interpretation; and if he neant, as his words
seemto inply, that philosophers of his day had a tol erably
preci se idea of the gl obe, we nust assunme that this idea was
based upon sone sort of nmeasurement. The recorded size, 400,000
stadia, is a sufficient approximtion to the truth to suggest
sonmet hing nore than a nere unsupported guess. Now, since
Aristotle died nore than fifty years before Eratosthenes was
born, his report as to the alleged size of the earth certainly
has a suggestiveness that cannot be overl ooked; but it arouses
specul ations without giving an inkling as to their solution. I|f
Er at ost henes had a precursor as an earth-measurer, no hint or

runor has come down to us that would enable us to guess who that
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precursor may have been. H s personality is as deeply envel oped
in the msts of the past as are the personalities of the great
prehistoric discoverers. For the purpose of the historian,

Er at ost henes nust stand as the inventor of the nmethod with which
his name is associated, and as the first man of whom we can say
with certainty that he nmeasured the size of the earth. Right
worthily, then, had the Al exandrian phil osopher won his proud

title of "surveyor of the world."

HI PPARCHUS, "THE LOVER OF TRUTH'

Er at ost henes outlived nost of his great contenporaries. He saw
the turning of that first and greatest century of Al exandrian
science, the third century before our era. He died in the year
196 B.C., having, it is said, starved hinself to death to escape
the nmiseries of blindness;--to the neasurer of shadows, life

wi t hout |ight seened not worth the living. Eratosthenes |eft no
i mredi at e successor. A generation |ater, however, another great
figure appeared in the astronom cal world in the person of

Hi pparchus, a man who, as a technical observer, had perhaps no
peer in the ancient world: one who set so high a val ue upon
accuracy of observation as to earn the title of "the | over of
truth.” Hi pparchus was born at Nicaea, in Bithynia, in the year
160 B.C. His life, all too short for the interests of science,
ended in the year 125 B.C. The observations of the great
astrononer were made chiefly, perhaps entirely, at Rhodes. A

m sinterpretation of Ptoleny's witings led to the idea that
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Hi pparchus, perforned his chief |abors in Alexandria, but it is
now admitted that there is no evidence for this. Del anbre
doubted, and nost subsequent witers foll ow him here, whether

Hi pparchus ever so nuch as visited Alexandria. In any event there
seens to be no question that Rhodes may clai mthe honor of being

the chief site of his activities.

It was Hi pparchus whose sonewhat equivocal comment on the work of
Er at ost henes we have already noted. No counter-charge in kind
coul d be nade against the critic hinmself; he was an astrononer
pure and sinple. His gift was the gift of accurate observation
rather than the gift of imagination. No scientific progress is
possi bl e without scientific guessing, but Hipparchus bel onged to
that class of observers with whom hypothesis is held rigidly
subservient to fact. It was not to be expected that his mnd
woul d be attracted by the heliocentric theory of Aristarchus. He
used the facts and observations gathered by his great predecessor
of Sanpbs, but he declined to accept his theories. For himthe
world was central; his problemwas to explain, if he could, the
irregularities of notion which sun, noon, and pl anets showed in
their seeming circuits about the earth. Hipparchus had the gnonon
of Eratosthenes--doubtless in a perfected form-to aid him and
he soon proved hinself a master in its use. For him as we have
sai d, accuracy was everything; this was the one element that |ed

to all his great successes.

Perhaps his greatest feat was to denonstrate the eccentricity of
the sun's seenming orbit. W of to-day, thanks to Keppler and his

foll owers, know that the earth and the other planetary bodies in
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their circuit about the sun describe an ellipse and not a circle.

But in the day of Hi pparchus, though the ellipse was recogni zed
as a geonetrical figure (it had been descri bed and naned al ong
with the parabol a and hyperbol a by Apol |l onius of Perga, the pupi
of Euclid), yet it would have been the rankest heresy to suggest
an elliptical course for any heavenly body. A metaphysica

t heory, as propounded perhaps by the Pythagoreans but ardently
supported by Aristotle, declared that the circle is the perfect

figure, and pronounced it inconceivable that the notions of the

spheres shoul d be other than circular. This thought dom nated the

m nd of Hi pparchus, and so when his careful measurenents |ed him
to the discovery that the northward and sout hward journeyi ngs of
the sun did not divide the year into four equal parts, there was
not hi ng open to himbut to either assume that the earth does not
lie precisely at the centre of the sun's circular orbit or to

find some alternative hypothesis.

In point of fact, the sun (reversing the point of viewin
accordance with nodern discoveries) does |lie at one focus of the
earth's elliptical orbit, and therefore away fromthe physica
centre of that orbit; in other words, the observations of

Hi pparchus were absolutely accurate. He was quite correct in
finding that the sun spends nore tine on one side of the equator
than on the other. When, therefore, he estimated the relative

di stance of the earth fromthe geonetrical centre of the sun's
supposed circular orbit, and spoke of this as the neasure of the
sun's eccentricity, he propounded a theory in which true data of

observation were curiously mngled with a positively inverted
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theory. That the theory of Hi pparchus was absol utely consistent
with all the facts of this particular observation is the best
evi dence that could be given of the difficulties that stood in

the way of a true explanation of the nechani smof the heavens.

But it is not nmerely the sun which was observed to vary in the
speed of its orbital progress; the noon and the planets al so show
curious accel erations and retardati ons of notion. The npon in
particul ar received nost careful attention from H pparchus.

Domi nated by his conception of the perfect spheres, he could find
but one expl anati on of the anonal ous notions which he observed,
and this was to assune that the various heavenly bodi es do not
fly on in an unvarying arc in their circuit about the earth, but
describe nmnor circles as they go which can be |ikened to nothing
so tangibly as to a light attached to the rim of a wagon-wheel in
motion. |If such an invisible wheel be inmagined as carrying the
sun, for exanple, on its rim while its invisible hub foll ows
unswervingly the circle of the sun's nean orbit (this wheel, be
it understood, lying in the plane of the orbit, not at right-
angles to it), then it nust be obvious that while the hub remains
al ways at the sane distance fromthe earth, the circling rimwl|
carry the sun nearer the earth, then farther away, and that while
it is traversing that portion of the are which brings it towards
the earth, the actual forward progress of the sun will be
retarded notw thstandi ng the uniform notion of the hub, just as
it will be accelerated in the opposite arc. Now, if we suppose
our sun-bearing wheel to turn so slowy that the sun revol ves but
once about its imaginary hub while the wheel itself is naking the

entire circuit of the orbit, we shall have accounted for the
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observed fact that the sun passes nore quickly through one-half
of the orbit than through the other. Moreover, if we can

vi sualize the process and i magine the sun to have left a visible
line of fire behind himthroughout the course, we shall see that
inreality the two circular notions involved have really resulted

in producing an elliptical orbit.

The idea is perhaps nmade clearer if we picture the actua

progress of the lantern attached to the rimof an ordinary
cart-wheel. Wen the cart is drawn forward the |lantern is nmade to
revolve in a circle as regards the hub of the wheel, but since
that hub is constantly going forward, the actual path described
by the lantern is not a circle at all but a waving line. It is
precisely the same with the imagi ned course of the sunin its
orbit, only that we view these lines just as we should view the
antern on the wheel if we |ooked at it fromdirectly above and
not fromthe side. The proof that the sun is describing this
wavi ng line, and therefore nust be considered as attached to an

i magi nary wheel, is furnished, as it seened to Hi pparchus, by the

observed fact of the sun's varying speed.

That is one way of looking at the matter. It is an hypothesis

t hat expl ains the observed facts--after a fashion, and indeed a
very remarkabl e fashion. The idea of such an expl anation did not
originate with Hi pparchus. The gerns of the thought were as old
as the Pythagorean doctrine that the earth revol ves about a
centre that we cannot see. Eudoxus gave the conception greater

tangibility, and may be considered as the father of this doctrine
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of wheel s--epicycles, as they cane to be called. Two centuries
before the tine of Hipparchus he conceived a doctrine of spheres
which Aristotle found nost interesting, and which served to
explain, along the lines we have just followed, the observed
noti ons of the heavenly bodies. Calippus, the reformer of the
calendar, is said to have carried an account of this theory to
Aristotle. As newirregularities of notion of the sun, noon, and
pl anetary bodi es were pointed out, new epicycles were invented.
There is no |limt to the nunber of imaginary circles that nay be
i nscribed about an imaginary centre, and if we conceive each one
of these circles to have a proper notion of its own, and each one
to carry the sun in the line of that notion, except as it is
diverted by the other notions--if we can visualize this conpl ex
m ngling of wheels--we shall certainly be able to imagi ne the
heavenly body which lies at the juncture of all the rinms, as
being carried forward in as erratic and wobbly a manner as could
be desired. In other words, the theory of epicycles will account
for all the facts of the observed notions of all the heavenly
bodies, but in so doing it fills the universe with a nobst
bewi | deri ng network of intersecting circles. Even in the tinme of

Calippus fifty-five of these spheres were conputed.

W may well believe that the clear-seeing Aristarchus would | ook
askance at such a conplex system of imagi nary machi nery. But

Hi pparchus, pre-em nently an observer rather than a theorizer
seens to have been content to accept the theory of epicycles as
he found it, though his studies added to its conplexities; and
Hi pparchus was the donminant scientific personality of his

century. \What he believed becane as a law to his i mediate
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successors. His tenets were accepted as final by their great
popul ari zer, Ptolemy, three centuries later; and so the
heliocentric theory of Aristarchus passed under a cloud al npost at
the hour of its dawning, there to remain obscured and forgotten
for the long | apse of centuries. A thousand pities that the

great est observing astrononer of antiquity could not, |ike one of
his great precursors, have approached astronony fromthe

st and- poi nt of geography and poetry. Had he done so, perhaps he
m ght have reflected, like Aristarchus before him that it seens
absurd for our earth to hold the giant sun in thraldom then
perhaps his inmaginati on woul d have reached out to the
heliocentric doctrine, and the cobweb hypothesis of epicycles,
with that yet nore intangible fignment of the perfect circle,

m ght have been wi ped away.

But it was not to be. Wth Aristarchus the scientific inmagination
had reached its highest flight; but with Hi pparchus it was
beginning to settle back into regions of foggier atnosphere and
narrower horizons. For what, after all, does it matter that

Hi pparchus should go on to neasure the precise |length of the year
and the apparent size of the noon's disk; that he should make a
chart of the heavens showi ng the place of 1080 stars; even that
he shoul d di scover the precession of the equinox;--what, after
all, is the significance of these details as against the
all-essential fact that the greatest scientific authority of his
century--the one truly heroic scientific figure of his
epoch--shoul d have lent all the forces of his commanding

i nfluence to the old, false theory of cosnol ogy, when the true
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t heory had been propounded and when he, perhaps, was the only man
in the world who mi ght have substantiated and vitalized that
theory? It is easy to overestimate the influence of any single
man, and, contrariw se, to underestimte the power of the
Zeitgeist. But when we reflect that the doctrines of H pparchus,
as promnul gated by Ptol emy, becane, as it were, the |ast word of
astronom cal science for both the Eastern and Western worlds, and
so continued after a thousand years, it is perhaps not too nmuch
to say that Hipparchus, "the lover of truth," m ssed one of the
greatest opportunities for the promul gation of truth ever

vouchsafed to a devotee of pure science.

But all this, of course, detracts nothing fromthe nerits of

Hi pparchus as an observing astrononer. A few words nmore nust be
said as to his specific discoveries in this field. According to
hi s nmeasurenent, the tropic year consists of 365 days, 5 hours,
and 49 nminutes, varying thus only 12 seconds fromthe true year
as the nodern astronomer estimates it. Yet nore remarkabl e,
because of the greater difficulties involved, was H pparchus's
attenpt to nmeasure the actual distance of the noon. Aristarchus
had made a simlar attenpt before him Hipparchus based his
conput ations on studies of the nmoon in eclipse, and he reached
the conclusion that the distance of the nmoon is equal to 59 radi
of the earth (in reality it is 60.27 radii). Here, then, was the
nmeasure of the base-line of that fampus triangle with which
Aristarchus had nmeasured the di stance of the sun. Hipparchus nust
have known of that neasurenent, since he quotes the work of
Aristarchus in other fields. Had he now but repeated the

experinment of Aristarchus, with his perfected instruments and his
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per haps greater observational skill, he was in position to
conpute the actual distance of the sun in ternms not nmerely of the
noon' s di stance but of the earth's radius. And now there was the
experinment of Eratosthenes to give the length of that radius in
precise terns. In other words, Hipparchus night have neasured the
di stance of the sun in stadia. But if he had nmade the
attenpt--and, indeed, it is nore than likely that he did so--the
el ements of error in his neasurenents would still have kept him

wi de of the true figures.

The chi ef studies of Hipparchus were directed, as we have seen,
towards the sun and the nobon, but a phenonenon that occurred in
the year 134 B.C. led himfor a tinme to give nore particular
attention to the fixed stars. The phenomenon in question was the
sudden out burst of a new star; a phenomenon which has been
repeat ed now and again, but which is sufficiently rare and
sufficiently nysterious to have excited the unusual attention of
astrononers in all generations. Mdern science offers an

expl anati on of the phenonenon, as we shall see in due course. W
do not know that Hipparchus attenpted to explain it, but he was
led to nmake a chart of the heavens, probably with the idea of

gui ding future observers in the observation of new stars. Here
agai n Hi pparchus was not altogether an innovator, since a chart
showi ng the brightest stars had been made by Eratosthenes; but

the new charts were nuch el abor at ed.

The studies of Hipparchus led himto observe the stars chiefly

with reference to the neridian rather than with reference to
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their rising, as had hitherto been the custom In naking these
studies of the relative position of the stars, Hi pparchus was |ed
to conpare his observations with those of the Babyl oni ans, which
it was said, Alexander had caused to be transnmitted to Greece. He
made use al so of the observations of Aristarchus and ot hers of
his Greek precursors. The result of his conparisons proved that
the sphere of the fixed stars had apparently shifted its position
in reference to the plane of the sun's orbit--that is to say, the
pl ane of the ecliptic no | onger seemed to cut the sphere of the
fixed stars at precisely the point where the two coincided in
former centuries. The plane of the ecliptic nust therefore be
conceived as slowy revolving in such a way as gradually to

ci rcummavi gate the heavens. This inportant phenonenon is

descri bed as the precession of the equi noxes.

It is nmuch in question whether this phenomenon was not known to
the anci ent Egyptian astrononmers; but in any event, Hipparchus is
to be credited with denpnstrating the fact and making it known to
the Western world. A further service was rendered theoretica
astronony by Hi pparchus through his invention of the planosphere,
an instrunent for the representation of the mechani smof the
heavens. His conputations of the properties of the spheres |ed
himalso to what was virtually a discovery of the nethod of
trigonometry, giving him therefore, a high position in the field
of mathematics. Al in all, then, H pparchus is a nost heroic
figure. He may well be considered the greatest star-gazer of
antiquity, though he cannot, without injustice to his great
precursors, be allowed the title which is sonetinmes given him of

"father of systematic astronony."
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CTESI BI US AND HERO. MAGQ CI ANS OF ALEXANDRI A

Just about the time when Hi pparchus was worki ng out at Rhodes his
puzzl es of celestial nechanics, there was a man in Al exandria who
was exercising a strangely inventive genius over nmechanica

probl enms of another sort; a man who, follow ng the exanple set by
Archi medes a century before, was studying the problens of matter
and putting his studies to practical application through the

i nvention of weird devices. The man's nane was Ctesibius. W know
scarcely nore of himthan that he lived in Al exandria, probably
in the first half of the second century B.C. Hi s antecedents, the
pl ace and exact tine of his birth and death, are quite unknown.
Nei ther are we quite certain as to the precise range of his
studi es or the exact nunmber of his discoveries. It appears that
he had a pupil naned Hero, whose personality, unfortunately, is
scarcely | ess obscure than that of his naster, but who wote a
book through which the record of the master's inventions was
preserved to posterity. Hero, indeed, wote several books, though
only one of them has been preserved. The ones that are | ost bear
the foll owi ng suggestive titles: On the Construction of Slings;
On the Construction of Mssiles; On the Automaton; On the Method
of Lifting Heavy Bodies; On the Dioptric or Spying-tube. The work
that remains is called Pneumatics, and so interesting a work it
is as to nake us doubly regret the | oss of its conpani on vol unes.
Had these ot her books been preserved we shoul d doubtl ess have a

clearer insight than is now possible into some at |east of the
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nmechani cal problens that exercised the nminds of the ancient

phi | osophers. The book that renmains is chiefly concerned, as its

name inplies, with the study of gases, or, rather, with the study
of a single gas, this being, of course, the air. But it tells us

al so of certain studies in the dynam cs of water that are nost

interesting, and for the historian of science nost inportant.

Unfortunately, the pupil of Ctesibius, whatever his ingenuity,
was a man with a deficient sense of the ethics of science. He
tells us in his preface that the object of his book is to record
some ingeni ous di scoveries of others, together with additiona

di scoveries of his own, but nowhere in the book itself does he
give us the, slightest clew as to where the line is drawn between
the old and the new. Once, in discussing the weight of water, he
mentions the | aw of Archi nedes regarding a floating body, but
this is the only case in which a scientific principle is traced
to its source or in which credit is given to any one for a

di scovery. This is the nore to be regretted because Hero has

di scussed at sonme length the theories involved in the treatnent
of his subject. This reticence on the part of Hero, conbined with
the fact that such sonmewhat |later witers as Pliny and Vitruvius
do not nention Hero's nane, while they frequently nention the
nanme of his master, Ctesibius, has led nodern critics to a
somewhat sceptical attitude regarding the position of Hero as an

actual discoverer.

The man who woul d coolly appropriate sone discoveries of others
under cloak of a nmere prefatorial reference was perhaps an

expounder rather than an innovator, and had, it is shrewdly
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suspected, not much of his own to offer. Meanwhile, it is
tolerably certain that Ctesibius was the di scoverer of the
principle of the siphon, of the forcing-punp, and of a pneumatic
organ. An exami nation of Hero's book will show that these are
really the chief principles involved in nost of the various

i nteresting mechani sms which he describes. W are constrained,
then, to believe that the inventive genius who was really
responsi bl e for the mechani sns we are about to descri be was
Ctesibius, the master. Yet we owe a debt of gratitude to Hero,
the pupil, for having given w der vogue to these discoveries, and
in particular for the discussion of the principles of
hydrostatics and pneunatics contained in the introduction to his
book. This discussion furni shes us al nost our only know edge as
to the progress of Greek philosophers in the field of mechanics

since the tinme of Archi nedes.

The main purpose of Hero in his prelimnary thesis has to do with
the nature of matter, and recalls, therefore, the studies of
Anaxagoras and Denocritus. Hero, however, approaches his subject
froma purely material or practical stand-point. He is an
explicit chanpion of what we nowadays call the nol ecul ar theory
of matter. "Every body," he tells us, "is conposed of mnute
particles, between which are enpty spaces | ess 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 sone other
substance. But in proportion as any one of these particles

recedes, sone other follows it and fills the vacant space;
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therefore there is no continuous vacuum except by the
application of some force [like suction]--that is to say, an
absol ute vacuumis never found, except as it is produced
artificially." Hero brings forward some thoroughly convincing
proofs of the thesis he is maintaining. "If there were no void

pl aces between the particles of water," he says, "the rays of
light could not penetrate the water; noreover, another |iquid,
such as wine, could not spread itself through the water, as it is
observed to do, were the particles of water absolutely
continuous." The latter illustration is one the validity of which
appeals as forcibly to the physicists of to-day as it did to
Hero. The sane is true of the argunent drawn fromthe
conpressibility of gases. Hero has evidently nade a careful study
of this subject. He knows that an inverted tube full of air may
be i mMmersed in water wi thout becom ng 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 attenpt to regain its normal bul k. But, he argues,
surely we are not to believe that the particles of air expand to
fill all the space when the bulk of air as a whol e expands under
the influence of heat; nor can we conceive that the particles of
normal air are in actual contact, else we should not be able to
conpress the air. Hence his conclusion, which, as we have seen

he makes general in its application to all matter, that there are

spaces, or, as he calls them vacua, between the particles that

go to make up all substances, whether liquid, solid, or gaseous.
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Here, clearly enough, was the idea of the "atom c¢" nature of
matter accepted as a fundanental notion. The argunentative
attitude assunmed by Hero shows that the doctrine could not be
expected to go unchal |l enged. But, on the other hand, there is
nothing in his phrasing to suggest an intention to claim
originality for any phase of the doctrine. We may infer that in
the three hundred years that had el apsed since the tinme of
Anaxagoras, that phil osopher's idea of the nol ecul ar nature of
matter had gained fairly wide currency. As to the expansive power
of gas, which Hero describes at some |ength w thout giving us a
clewto his authorities, we nmay assune that Ctesibius was an
original worker, yet the general facts involved were doubtless
much ol der than his day. Hero, for exanple, tells us of the
cuppi ng-gl ass used by physicians, which he says is nade into a
vacuum by burning up the air in it; but this apparatus had
probably been long in use, and Hero nentions it not in order to
describe the ordinary cupping-glass which is referred to, but a
nodi fication of it. He refers to the old formas if it were

sonething fanmliar to all

Agai n, we know that Enpedocles studied the pressure of the air in
the fifth century B.C., and discovered that it would support a

colum of water in a closed tube, so this phase of the subject is
not new. But there is no hint anywhere before this work of Hero

of a clear understandi ng that the expansive properties of the air
when conpressed, or when heated, may be nade avail able as a notor
power. Hero, however, has the clearest notions on the subject and

puts themto the practical test of experiment. Thus he constructs
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nunmer ous nechani sns in which the expansive power of air under
pressure is made to do work, and others in which the same end is
acconpl i shed through the expansive power of heated air. For
exanpl e, the doors of a tenple are made to swi ng open
automatically when a fire is lighted on a distant altar, closing
again when the fire dies out--effects which nmust have filled the
m nds of the pious observers with bew | dernent and wonder
serving a nost useful purpose for the priests, who al one, we may
assunme, were in the secret. There were two nethods by which this
apparatus was worked. In one the heated air pressed on the water
in a close retort connected with the altar, forcing water out of
the retort into a bucket, which by its weight applied a force

t hrough pulleys and ropes that turned the standards on which the
tenpl e doors revolved. Wien the fire died down the air
contracted, the water was siphoned back fromthe bucket, which
being thus lightened, |let the doors close again through the
action of an ordinary weight. The other method was a slight

nodi fication, in which the retort of water was di spensed with and
a leather sack like a |arge football substitued. The ropes

and pull eys were connected with this sack, which exerted a pul
when the hot air expanded, and which coll apsed and thus rel axed
its strain when the air cooled. A glance at the illustrations

taken from Hero's book will nmake the details clear.

O her mechanisnms utilized a sonewhat different conbination of
wei ghts, pulleys, and siphons, operated by the expansive power of
air, unheated but under pressure, such pressure being applied
with a force- punp, or by the weight of water running into a

cl osed receptacle. One such nechani smgives us a constant jet of
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wat er or perpetual fountain. Another curious application of the
principle furnishes us with an el aborate toy, consisting of a
group of birds which alternately whistle or are silent, while an
ow seated on a neighboring perch turns towards the birds when
their song begins and away fromthem when it ends. The "singing"
of the birds, it must be explained, is produced by the expul sion
of air through tiny tubes passing up through their throats froma
tank below. The oW is made to turn by a nechanismsimlar to

t hat whi ch mani pul ates the tenple doors. The pressure is supplied
merely by a stream of running water, and the periodical silence
of the birds is due to the fact that this pressure is relieved
through the automatic siphoning off of the water when it reaches
a certain height. The action of the siphon, it nay be added, is
correctly explained by Hero as due to the greater weight of the
water in the |longer armof the bent tube. As before nentioned,
the siphon is repeatedly used in these nechanisns of Hero. The
diagram wi | | make clear the exact application of it in the
present nost ingenious nechanism W nmay add that the principle
of the whistle was a favorite one of Hero. By the aid of a
sim |l ar nmechani sm he brought about the blowi ng of trunpets when
the tenpl e doors were opened, a phenonenon which nust greatly
have enhanced the nystification. It is possible that this
principle was utilized also in connection with statues to produce
seem ngly supernatural effects. This nmay be the explanation of
the tradition of the speaking statue in the tenple of Amon at

Thebes.

{illustration caption = DEVICE FOR CAUSI NG THE DOORS OF THE
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TEMPLE TO OPEN WHEN THE FIRE ON THE ALTAR | S LI GHTED (Air heated
in the altar F drives water fromthe cl osed receptacle H through
the tube KL into the bucket M which descends through gravity,
t hus openi ng the doors. Wen the altar cools, the air contracts,
the water is sucked fromthe bucket, and the wei ght and pulley

cl ose the doors.)}

{illustration caption = THE STEAM ENG NE OF HERO (The steam
generated in the receptacle AB passes through the tube EF into
the gl obe, and escapes through the bent tubes H and K, causing

the gl obe to rotate on the axis LG )}

The utilization of the properties of conpressed air was not
confined, however, exclusively to nere toys, or to produce

m racul ous effects. The same principle was applied to a practica
fire-engine, worked by levers and force-punps; an apparatus, in
short, altogether sinmlar to that still in use in rura
districts. Aslightly different application of the notive power
of expanding air is furnished in a very curious toy called "the
dancing figures.” In this, air heated in a retort like a
mniature altar is allowed to escape through the sides of two
pairs of revolving arns precisely |ike those of the ordinary
revol ving fountain with which we are accustoned to water our

| awns, the revolving arnms being attached to a plane on which
several pairs of statuettes representing dancers are placed, An
even nore interesting application of this principle of setting a
wheel in motion is furnished in a nechani smwhich nust be

consi dered the earliest of steamengines. Here, as the nane
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inmplies, the gas supplying the notive power is actually steam
The apparatus nade to revolve is a globe connected with the
steamretort by a tube which serves as one of its axes, the steam
escaping fromthe gl obe through two bent tubes placed at either
end of an equatorial dianeter. It does not appear that Hero had
any thought of making practical use of this steam engine. It was
nmerely a curious toy--nothing nore. Yet had not the age that
succeeded that of Hero been one in which inventive genius was
dormant, sone one nust soon have hit upon the idea that this
steam engine nmight be inproved and made to serve a usefu
purpose. As the case stands, however, there was no advance made
upon the steam notor of Hero for al nbst two thousand years. And,

i ndeed, when the practical application of steam was nmade, towards
the close of the eighteenth century, it was made probably quite
wi t hout reference to the experinent of Hero, though know edge of
his toy may perhaps have given a clew to Watt or his

predecessors.

{illustration caption = THE SLOT- MACHI NE OF HERO (The coin
introduced at A falls on the lever R, and by its weight opens the
valve S, permitting the liquid to escape through the invisible
tube LM As the lever tips, the coin slides off and the valve

closes. The liquid in tank nust of course be kept above F.)}

In recent tinmes there has been a tendency to give to this

st eam engi ne of Hero sonmething nore than full need of

appreciation. To be sure, it marked a nmost inportant principle in
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the conception that steam mi ght be used as a notive power, but,
except in the denonstration of this principle, the nechanism of
Hero was nmuch too prinmtive to be of any inportance. But there is
one nechani sm descri bed by Hero which was a nost explicit
anticipation of a device, which presumably soon went out of use,
and which was not reinvented until towards the close of the

ni neteenth century. This was a device which has becone fanm liar
in recent tinmes as the penny-in-the-slot nmachi ne. When towards
the cl ose of the nineteenth century sone inventive craftsman hit
upon the idea of an automatic machine to supply candy, a box of
cigarettes, or a whiff of perfunmery, he may or may not have
borrowed his idea fromthe slot-machine of Hero; but in any
event, instead of being an innovator he was really two thousand
years behind the tines, for the slot-nmachine of Hero is the

preci se prototype of these nmpdern ones.

The particular function which the nmechani sm of Hero was destined
to fulfil was the distribution of a jet of water, presumably used
for sacramental purposes, which was given out automatically when
a five- drachma coin was dropped into the slot at the top of the
machi ne. The internal mechani sm of the nmachi ne was sinpl e enough
consisting nerely of a | ever operating a val ve which was opened
by the weight of the coin dropping on the little shelf at the end
of the lever, and which cl osed again when the coin slid off the
shelf. The illustration will show how sinple this nechani sm was.
Yet to the worshi ppers, who probably had entered the tenple

t hrough doors miracul ously opened, and who now witnessed this
seenmingly intelligent response of a machine, the result nust have

seemed mystifying enough; and, indeed, for us al so, when we
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consider how relatively crude was the nmechani cal know edge of the
time, this nust seem nothing | ess than marvellous. As in

i magi nati on we walk up to the sacred tank, drop our drachma in
the slot, and hold our hand for the spurt of holy-water, can we
realize that this is the I and of the Pharaohs, not Engl and or
America; that the kingdomof the Ptolemes is still at its

hei ght; that the republic of Rome is mistress of the world; that
all Europe north of the Alps is inhabited solely by barbarians;
that C eopatra and Julius Caesar are yet unborn; that the
Christian era has not yet begun? Truly, it seems as if there

could be no new thing under the sun.

X. SCI ENCE OF THE ROVAN PERI OD

We have seen that the third century B.C. was a tinme when

Al exandri an science was at its height, but that the second
century produced al so in Hipparchus at |east one investigator of
the very first rank; though, to be sure, H pparchus can be called
an Al exandrian only by courtesy. In the ensuing generations the
Greek capital at the nmouth of the Nile continued to hold its

pl ace as the centre of scientific and philosophical thought. The
ki ngdom of the Ptolemies still flourished with at |east the
outward appearances of its old-time glory, and a conpany of
granmari ans and comentators of no small nerit could al ways be
found in the service of the fampbus nuseum and library; but the

whol e aspect of world-history was rapidly changing. Greece, after
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her brief day of political supremacy, was sinking rapidly

i nto desuetude, and the hard-headed Roman in the West was meking
hi rsel f master everywhere. Wil e H pparchus of Rhodes was in his
prime, Corinth, the last stronghold of the nmain-land of Greece,
had fallen before the prowess of the Roman, and the ki ngdom of
the Ptol em es, though still nomnally free, had begun to cone

within the sphere of Roman infl uence.

Just what share these political changes had in changing the
aspect of Greek thought is a question regarding which difference
of opinion mght easily prevail; but there can be no question
that, for one reason or another, the Al exandrian school as a
creative centre went into a rapid decline at about the tinme of
the Roman rise to worl d-power. There are sone distingui shed
nanmes, but, as a general rule, the spirit of the tinmes is
rem ni scent rather than creative; the workers tend to collate the
researches of their predecessors rather than to nmake new and
original researches for thenselves. Eratosthenes, the inventive
wor | d- neasurer, was succeeded by Strabo, the industrious collator
of facts; Aristarchus and Hipparchus, the originators of new
astrononi cal nethods, were succeeded by Ptol eny, the perfecter of
their nethods and the systematizer of their know edge. Meanwhil e,
in the West, Rone never becane a true culture-centre. The great
genius of the Roman was political; the Augustan Age produced a
few great historians and poets, but not a single great

phi | osopher or creative devotee of science. Cicero, Lucian
Seneca, Marcus Aurelius, give us at best a reflection of Geek
phil osophy. Pliny, the one world-famus nane in the scientific

annal s of Rone, can lay claimto no higher credit than that of a
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marvel | ously industrious collector of facts--the conpiler of an

encycl opaedi a whi ch contains not one creative touch

Al in all, then, this epoch of Roman dom nation is one that need
detain the historian of science but a brief nonent. Wth the
culmi nation of Greek effort in the so-called Hellenistic period
we have seen ancient science at its climax. The Roman period is
but a time of transition, marking, as it were, a plateau on the
sl ope between those earlier heights and the deep, dark valleys of
the M ddl e Ages. Yet we cannot quite disregard the efforts of
such workers as those we have just named. Let us take a nore

speci fic glance at their acconplishnents.

STRABO THE GEOGRAPHER

The earliest of these workers in point of time is Strabo. This
nost fanous 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 fina
transformation in the political position of the ki ngdom of Egypt
was effected. The nanme of Strabo in a nodified form has becone
popul ari zed through a curious circunstance. The geographer, it
appears, was afflicted with a peculiar squint of the eyes, hence
the nane strabisnus, which the nodern oculist applies to that

particular infirmty.

Fortunately, the great geographer has not been forced to depend
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upon hearsay evidence for recognition. Hi s conprehensive work on
geography has been preserved in its entirety, being one of the
few expansive classical witings of which this is true. The other
writings of Strabo, however, including certain histories of which
reports have cone down to us, are entirely lost. The geography is
in many ways a remarkable book. It is not, however, a work in

whi ch any inportant new principles are involved. Rather is it
typical of its age in that it is an elaborate conpilation and a
critical review of the |abors of Strabo's predecessors. Doubtl ess
it contains a vast deal of new information as to the details of
geogr aphy--preci se areas and di stance, questions of geographica

| ocations as to |l atitude and zones, and the |ike. But however

i mportant these details may have been from a contenporary

st and- poi nt, they, of course, can have nothing nore than

hi storical interest to posterity. The value of the work from our
present stand-point is chiefly due to the criticisms which Strabo
passes upon his forerunners, and to the incidental historical and
scientific references with which his work abounds. Being witten
in this closing period of ancient progress, and summari zi ng, as
it does, in full detail the geographical know edge of the tine,

it serves as an inportant guide-mark for the student of the
progress of scientific thought. W cannot do better than briefly
to follow Strabo in his estimates and criticisnms of the work of
hi s predecessors, taking note thus of the point of view from

whi ch he hinself | ooked out upon the world. We shall thus gain a
clear idea as to the state of scientific geography towards the

cl ose of the classical epoch.

"If the scientific investigation of any subject be the proper
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avocation of the phil osopher,” says Strabo, "geography, the

sci ence of which we propose to treat, is certainly entitled to a
hi gh place; and this is evident from nmany consi derations. They
who first undertook to handle the matter were distinguished nen.
Homer, Anaxi mander the M esian, and Hecaeus (his fellowcitizen
according to Eratosthenes), Denocritus, Eudoxus, Dicaearchus, and
Ephorus, with many others, and after these, Eratosthenes,

Pol ybi us, and Posi donius, all of them philosophers. Nor is the
great learning through which alone this subject can be approached
possessed by any but a person acquainted with both human and
divine things, and these attai nnments constitute what is called
phil osophy. In addition to its vast inportance in regard to
social life and the art of governnent, geography unfolds to us a
cel estial phenonmena, acquaints us with the occupants of the | and
and ocean, and the vegetation, fruits, and peculiarities of the
various quarters of the earth, a know edge of which marks hi m who

cultivates it as a man earnest in the great problemof |ife and

happi ness. "

Strabo goes on to say that in comon with other critics,

i ncl udi ng Hi pparchus, he regards Homer as the first great
geographer. He has much to say on the geographi cal know edge of
the bard, but this need not detain us. We are chiefly concerned
with his comrent upon his nore recent predecessors, beginning
wi th Eratosthenes. The constant reference to this worker shows
the inportant position which he held. Strabo appears neither as
detractor nor as partisan, but as one who earnestly desires the

truth. Sonetinmes he seenms captious in his criticisnms regarding
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some detail, nor is he always correct in his enmendati ons of the

| abors of others; but, on the whole, his work is marked by an
evident attenpt at fairness. In reading his book, however, one is
forced to the conclusion that Strabo is an investigator of
details, not an original thinker. He seenms nore concerned with
preci se measurenents than with questionings as to the open

probl enms of his science. Whatever he accepts, then, may be taken

as virtually the stock doctrine of the period.

"As the size of the earth,"” he says, "has been denonstrated by
other witers, we shall here take for granted and receive as
accurate what they have advanced. W shall al so assune that the
earth is spheroidal, that its surface is |ikew se spheroidal and,
above all, that bodi es have a tendency towards its centre, which
atter point is clear to the perception of the nost average
under st andi ng. However, we may show summarily that the earth is
spheroidal, fromthe consideration that all things, however
distant, tend to its centre, and that every body is attracted
towards its centre by gravity. This is nore distinctly proved
from observations of the sea and sky, for here the evidence of
the senses and common observation is alone requisite. The
convexity of the sea is a further proof of this to those who have
sailed, for they cannot perceive |lights at a distance when pl aced
at the sane level as their eyes, and if raised on high they at
once become perceptible to vision though at the sane tine farther
renoved. So when the eye is raised it sees what before was

utterly inperceptible. Homer speaks of this when he says:
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"Lifted up on the vast wave he quickly beheld afar."’

Sailors as they approach their destination behold the shore
continually raising itself to their view, and objects which had
at first seemed low begin to lift thenselves. Qur gnonons, also,
are, anong other things, evidence of the revolution of the
heavenly bodi es, and commpn-sense at once shows us that if the
depth of the earth were infinite such a revolution could not take

pl ace. "[ 1]

El sewhere Strabo criticises Eratosthenes for having entered into
a long discussion as to the formof the earth. This matter,
Strabo thinks, "should have been disposed of in the conpass of a

few words." Obviously this doctrine of the globe's sphericity
had, in the course of 600 years, become so firnmy established
anong the Greek thinkers as to seem al nost axiomatic. W shall
see later on how the Western world nade a curious recession from
this seem ngly secure position under stinmulus of an Orienta

m sconception. As to the size of the globe, Strabo is disposed to
accept wi thout particular comment the neasurenents of

Er at ost henes. He speaks, however, of "nobre recent nmeasurenents,"
referring in particular to that adopted by Posi donius, according
to which the circunference is only about one hundred and eighty

t housand stadi a. Posidonius, we may note in passing, was a
contenporary and friend of Cicero, and hence |lived shortly before
the tine of Strabo. H s neasurenent of the earth was based on
observations of a star which barely rose above the southern

hori zon at Rhodes as conpared with the height of the sane star
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when observed at Al exandria. This neasurenent of Posidoni us,
together with the even nore fanobus neasurenment of Eratosthenes,
appears to have been practically the sole guide as to the size of
the earth throughout the later periods of antiquity, and, indeed,

until the later M ddle Ages.

As beconmes a witer who is primarily geographer and historian
rather than astronomer, Strabo shows a nuch keener interest in
the habitable portions of the globe than in the gl obe as a whol e.
He assures us that this habitable portion of the earth is a great
i sland, "since wherever nmen have approached the term nation of
the land, the sea, which we designhate ocean, has been net with,
and reason assures us of the simlarity of this place which our
senses have not been tenpted to survey." He points out that
whereas sailors have not circumavigated the gl obe, that they had
not been prevented from doing so by any continent, and it seens
to himaltogether unlikely that the Atlantic Ocean is divided
into two seas by narrow i sthnmuses so placed as to prevent

ci rcunmmavi gation. "How much nore probable that it is confluent
and uninterrupted. This theory,"” he adds, "goes better with the
ebb and flow of the ocean. Moreover (and here his reasoning
becomes nore fanciful), the greater the ampunt of npisture
surroundi ng the earth, the easier would the heavenly bodi es be
supplied with vapor fromthence." Yet he is disposed to believe,
following Plato, that the tradition "concerning the island of

Atl antos m ght be received as sonething nmore than idle fiction

it having been related by Solon, on the authority of the Egyptian
priests, that this island, alnpst as |large as a continent, was

formerly in existence although now it had di sappeared. "[ 2]
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In a word, then, Strabo entertains no doubt whatever that it
woul d be possible to sail around the globe from Spain to India.
I ndeed, so matter-of-fact an inference was this that the feat of
Col umbus woul d have seemed less surprising in the first century
of our era than it did when actually performed in the fifteenth
century. The terrors of the great ocean held the mari ner back
rather than any doubt as to where he would arrive at the end of

t he voyage.

Coupled with the idea that the habitable portion of the earth is
an island, there was linked a tolerably definite notion as to the
shape of this island. This shape Strabo likens to a mlitary

cl oak. The conpari son does not seem peculiarly apt when we are
told presently that the length of the habitable earth is nore
than twice its breadth. This idea, Strabo assures us, accords
with the nost accurate observations "both ancient and nodern."
These observations seened to show that it is not possible to live
in the region close to the equator, and that, on the other hand,
the cold tenperature sharply limts the habitability of the gl obe
towards the north. Al the civilization of antiquity clustered
about the Mediterranean, or extended off towards the east at

about the sanme | atitude. Hence geographers cane to think of the
habi t abl e gl obe as having the sonewhat |enticul ar shape which a
crude map of these regions suggests. W have already had occasion
to see that at an earlier day Anaxagoras was perhaps influenced
in his conception of the shape of the earth by this idea, and the

constant references of Strabo inpress upon us the thought that
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this long, relatively narrow area of the earth's surface is the

only one which can be conceived of as habitable.

Strabo had nuch to tell us concerning zones, which, follow ng
Posi doni us, he believes to have been first described by

Par meni des. We nmay note, however, that other traditions assert
that both Thal es and Pyt hagoras had divided the earth into zones.
The nunber of zones accepted by Strabo is five, and he
criticises Polybius for nmaking the nunber six. The five

zones accepted by Strabo are as follows: the uninhabitable torrid
zone lying in the region of the equator; a zone on either side of
this extending to the tropic; and then the tenperate zones
extending in either direction fromthe tropic to the arctic
regions. There seens to have been a good deal of dispute anpng
the scholars of the tinme as to the exact arrangenent of these
zones, but the general idea that the north-tenperate zone is the
part of the earth with which the geographer deals seened clearly
established. That the south-tenperate zone would al so present a
habitable area is an idea that is sonetines suggested, though

sel dom or never distinctly expressed. It is probable that

di fferent opinions were held as to this, and no direct evidence
bei ng avail able, a cautiously scientific geographer Iike Strabo
woul d naturally avoid the expression of an opinion regarding it.
I ndeed, his own words | eave us sonewhat in doubt as to the
preci se character of his notion regarding the zones. Perhaps we

shall do best to quote them

"Let the earth be supposed to consist of five zones. (1) The

equatorial circle described around it. (2) Another parallel to
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this, and defining the frigid zone of the northern hem sphere.

(3) Acircle passing through the poles and cutting the two
preceding circles at right- angles. The northern hem sphere
contains two quarters of the earth, which are bounded by the
equator and circle passing through the poles. Each of these
quarters shoul d be supposed to contain a four-sided district, its
northern side being of one-half of the parallel next the pole,
its southern by the half of the equator, and its remaining sides
by two segnments of the circle drawn through the poles, opposite
to each other, and equal in length. In one of these (which of
themis of no consequence) the earth which we inhabit is
situated, surrounded by a sea and simlar to an island. This, as
we said before, is evident both to our senses and to our reason.
But let any one doubt this, it nakes no difference so far as
geography is concerned whet her you believe the portion of the
earth which we inhabit to be an island or only admt what we know
from experience --nanely, that whether you start fromthe east or
the west you may sail all around it. Certain internedi ate spaces
may have been left (unexplored), but these are as likely to be
occupi ed by sea as uninhabited | and. The object of the geographer
is to describe known countries. Those which are unknown he passes
over equally with those beyond the limts of the inhabited earth.
It will, therefore, be sufficient for describing the contour of
the i sl and we have been speaking of, if we join by a right line
the outnost points which, up to this tine, have been explored by

voyagers al ong the coast on either side."[3]

We may pass over the specific criticisms of Strabo upon various
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expl orations that seemto have been of great interest to his
contenporaries, including 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 Hi pparchus as having
made the m staken observation that the length of the shadow of
the gnonmon is the same at Marseilles and Byzantium hence that
these two places are on the sane parallel. Mddern comentators
have def ended Pytheas as regards this observation, claimng that
it was Hi pparchus and not Pytheas who nade the second observation
fromwhich the faulty induction was drawn. The point is of no
great significance, however, except as show ng that a correct

nmet hod of determining the problens of |atitude had thus early
been suggested. That faulty observations and faulty application
of the correct principle should have been made is not surprising.
Nei t her need we concern ourselves with the details as to the
geogr aphi cal di stances, which Strabo found so worthy of criticism
and controversy. But in |eaving the great geographer we may
enphasi ze his point of view and that of his contenporaries by
quoting three fundamental principles which he reiterates as being

anong the "facts established by natural philosophers.” He tells
us that "(1) The earth and heavens are spheroidal. (2) The
tendency of all bodies having weight is towards a centre. (3)
Further, the earth being spheroidal and having the sane centre as
the heavens, is notionless, as well as the axis that passes

t hrough both it and the heavens. The heavens turn round both the
earth and its axis, fromeast to west. The fixed stars turn round
with it at the same rate as the whole. These fixed stars follow

in their course parallel circles, the principal of which are the

equator, two tropics, and the arctic circles; while the planets,
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the sun, and the noon describe certain circles conprehended

within the zodiac."[4]

Here, then, is a curious mngling of truth and error. The

Pyt hagorean doctrine that the earth is round had beconme a
comonpl ace, but it would appear that the theory of Aristarchus,
according to which the earth is in notion, has been al nost
absolutely forgotten. Strabo does not so nuch as refer to it;
neither, as we shall see, is it treated with greater respect by

the other witers of the period.

TWO FAMOUS EXPOSI TORS- - PLI NY AND PTOLEMY

VWil e Strabo was pursuing his geographical studies at Al exandri a,
a young man canme to Rone who was destined to nake his name nore
wi dely known in scientific annals than that of any other Latin
writer of antiquity. This man was Plinius Secundus, who, to

di stingui sh himfrom his nephew, a fampus witer in another
field, is usually spoken of as Pliny the Elder. There is a fanous
story to the effect that the great Roman historian Livy on one
occasi on addressed a casual associate in the anphitheatre at
Rone, and on learning that the stranger hailed fromthe outlying
Spani sh province of the enpire, remarked to him "Yet you have
doubt| ess heard of my witings even there." "Then," replied the

stranger, "you nust be either Livy or Pliny."

The anecdote illustrates the wide fane which the Roman naturali st
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achieved in his own day. And the records of the M ddle Ages show
that this popularity did not abate in succeeding tinmes. Indeed,
the Natural History of Pliny is one of the conparatively few
bul ky witings of antiquity that the efforts of copyists have
preserved to us alnost entire. It is, indeed, a remarkable work
and eminently typical of its time; but its author was an

i ndustrious conpiler, not a creative genius. As a nonument of

i ndustry it has seldom been equalled, and in this regard it seens
the nore remarkabl e i nasnuch as Pliny was a practical man of

af fairs who occupied nmost of his |ife as a soldier fighting the
battles of the enmpire. He conpiled his book in the |eisure hours
stolen fromsleep, often witing by the light of the canp-fire.
Yet he cites or quotes from about four thousand works, nost of

whi ch are known to us only by his references. Doubtless Pliny
added rmuch through his own observati ons. W know how keen was his
desire to investigate, since he lost his |life through attenpting
to approach the crater of Vesuvius on the occasion of that

menor abl e eruption which buried the cities of Hercul aneum and

Ponmpei i .

Doubt | ess the wandering life of the soldier had given Pliny
abundant opportunity for personal observation in his favorite
fields of botany and zool ogy. But the records of his own
observations are so interm ngled with know edge drawn from books
that it is difficult to distinguish the one fromthe other. Nor
does this greatly matter, for whether as cl oset-student or
field-naturalist, Pliny's trait of mind is essentially that of
the conpiler. He was no phil osophical thinker, no generalizer, no

pat h-maker in science. He |ived at the close of a great
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progressive epoch of thought; in one of those static periods when
nunber| ess observers piled up an i nmense mass of details which

m ght advant ageously be sorted into a kind of encycl opaedia. Such
an encyclopaedia is the so-called Natural History of Pliny. It is
a vast junble of nore or less uncritical statenents regarding

al nrost every field of contenporary know edge. The descri ptions of
animal s and plants predom nate, but the work as a whol e woul d
have been i mensely inproved had the conpiler shown a nore
critical spirit. As it is, he seems rather disposed to quote any
interesting citation that he cones across in his omivorous

readi ngs, shielding hinself behind an equivocal "it is said," or

"so and so alleges."” Asingle illustration will suffice to show

what manner of thing is thought worthy of repetition.

"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 linte

of the door, or to the door itself, with a copper nail, no
noxi ous spell will be able to obtain admttance, or, at al
events, be productive of any ill effects.”

It is easily conprehensible that a work fortified with such
practical details as this should have gai ned wi de popul arity.
Doubt| ess the natural histories of our own day would find readier
sale were they to pander to various superstitions not altogether
different fromthat here suggested. The man, for exanple, who
believes that to have a black cat cross his path is a | ucky onen
woul d naturally find hinself attracted by a book which took

account of this and similar inportant details of natural history.
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Perhaps, therefore, it was its inclusion of absurdities, quite as
much as its legitimte value, that gave vogue to the cel ebrated
work of Pliny. But be that as it may, the npbst fanpus scientist
of Rone nust be renenbered as a popular witer rather than as an
experinmental worker. In the history of the promnul gation of
scientific knowl edge his work is inmportant; in the history of

scientific principles it may virtually be di sregarded.

PTOLEMY, THE LAST GREAT ASTRONOMER OF ANTI QUI TY

Al nost the sanme thing nmay be said of Ptol eny, an even nore
celebrated witer, who was born not very long after the death of
Pliny. The exact dates of Ptolemy's |ife are not known, but his
recorded observations extend to the year 151 A.D. He was a
wor ki ng astrononer, and he nade at | east one original discovery
of sone significance--nanely, the observation of a hitherto
unrecorded irregularity of the noon's notion, which canme to be
spoken of as the noon's evection. This consists of periodica
aberrations fromthe nmoon's regular nmotion in its orbit, which
as we now know, are due to the gravitation pull of the sun, but
whi ch remai ned unexpl ained until the time of Newton. Ptoleny also
made origi nal observations as to the notions of the planets. He
is, therefore, entitled to a respectable place as an observing

astrononer; but his chief fane rests on his witings.

Hi s great works have to do with geography and astronomy. In the
former field he nakes an advance upon Strabo, citing the |latitude

of no fewer than five thousand places. In the field of astronony,
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his great service was to have nmade known to the world the |abors
of Hi pparchus. Ptol eny has been accused of taking the star-chart
of his great predecessor wi thout due credit, and indeed it seens
difficult to clear himof this charge. Yet it is at |least open to
doubt whet her be intended any inpropriety, inasnuch as be al
along is sedulous in his references to his predecessor. I|ndeed,
his work m ght alnpst be called an exposition of the astronom ca
doctrines of H pparchus. No one pretends that Ptoleny is to be
conpared with the Rhodesi an observer as an original investigator
but as a popul ar expounder his superiority is evidenced in the
fact that the witings of Ptol emy becane practically the sole
astrononical text-book of the Mddle Ages both in the East and in
the West, while the witings of Hipparchus were allowed to

peri sh.

The nost noted of all the witings of Ptoleny is the work which
becanme fanobus under the Arabic nanme of Al magest. This word is
curiously derived fromthe Greek title <gr h negisth suntazis>,
"the greatest construction,"” a name given the book to distinguish
it froma work on astrology in four books by the sane author. For
conveni ence of reference it cane to be spoken of nerely as <gr h
megi sth>, from which the Arabs formthe title Tabair al Magi st hi
under which title the book was published in the year 827. From
this it derived the word Al magest, by which Ptoleny's work
continued to be known anong the Arabs, and subsequently anobng

Eur opeans when t he book again becane known in the West. Ptoleny's
book, as has been said, is virtually an el aboration of the

doctrines of Hipparchus. It assunes that the earth is the fixed
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centre of the solar system and that the stars and planets
revol ve about it in twenty-four hours, the earth being, of

course, spherical. It was not to be expected that Ptoleny should
have adopted the heliocentric idea of Aristarchus. Yet it is nuch
to be regretted that he failed to do so, since the deference

whi ch was accorded his authority throughout the M ddl e Ages woul d
doubt| ess have been extended in sone neasure at least to this
theory as well, had he chanpioned it. Contrariw se, his
unqual i fi ed acceptance of the geocentric doctrine sufficed to

pl ace that doctrine beyond the range of chall enge.

The Al magest treats of all manner of astronom cal problens, but
the feature of it which gained it w dest celebrity was perhaps
that which has to do with eccentrics and epicycles. This theory
was, of course, but an el aboration of the ideas of Hipparchus;
but, owing to the celebrity of the expositor, it has cone to be
spoken of as the theory of Ptolemy. We have sufficiently detailed
the theory in speaking of Hi pparchus. It should be expl ai ned,
however, that, with both H pparchus and Ptol eny, the theory of

epi cycl es woul d appear to have been held rather as a working
hypot hesis than as a certainty, so far as the actuality of the

m nor spheres or epicycles is concerned. That is to say, these
astrononers probably did not conceive either the epicycles or the
greater spheres as constituting actual solid substances.
Subsequent generations, however, put this interpretation upon the
t heory, conceiving the various spheres as actual crystalline
bodies. It is difficult to imgine just how the various epicycles
wer e supposed to revolve without interfering with the ngjor

spheres, but perhaps this is no greater difficulty than is

Get any book for free on: www.Abika.com

269



A History of Science

presented by the alleged properties of the ether, which
physi ci sts of to-day accept as at |east a working hypothesis. W
shall see later on how firmy the conception of concentric
crystalline spheres was held to, and that no real chall enge was
ever given that theory until the discovery was nade that comets
have an orbit that nust necessarily intersect the spheres of the

various planets.

Ptol eny' s system of geography in eight books, founded on that of
Marinus of Tyre, was scarcely | ess celebrated throughout the

M ddl e Ages than the Almagest. It contained little, however, that
need concern us here, being rather an el aboration of the
doctrines to which we have already sufficiently referred. None of
Ptol eny' s original manuscripts has come down to us, but there is
an alleged fifth-century manuscript attributed to Agathadanmon of
Al exandria which has peculiar interest because it contains a
series of twenty-seven el aborately colored naps that are supposed
to be derived from maps drawn up by Ptoleny hinmself. In these
maps the sea is colored green, the nmountains red or dark yell ow,
and the land white. Ptoleny assuned that a degree at the equator
was 500 stadia instead of 604 stadia in |length. W are not
informed as to the grounds on which this assunption was nmade, but
it has been suggested that the error was at |east partially
instrumental in leading to one very curious result. "Taking the
paral |l el of Rhodes," says Donal dson,[5] "he cal cul ated the

| ongi tudes fromthe Fortunate Islands to Cattigara or the west
coast of Borneo at 180 degrees, conceiving this to be one-half

the circunference of the globe. The real distance is only 125
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degrees or 127 degrees, so that his neasurenent is wong by one
third of the whole, one-sixth for the error in the nmeasurenent of
a degree and one-sixth for the errors in neasuring the distance
geonetrically. These errors, owing to the authority attributed to
t he geography of Ptoleny in the Mddl e Ages, produced a
consequence of the greatest inportance. They really led to the

di scovery of Anerica. For the design of Colunbus to sail fromthe
west of Europe to the east of Asia was founded on the supposition
that the distance was |l ess by one third than it really was." This
view is perhaps a trifle fanciful, since there is nothing to
suggest that the courage of Col umbus woul d have bal ked at the
greater distance, and since the protests of the sailors, which
nearly thwarted his efforts, were nade | ong before the distance
as estimated by Ptol emy had been covered; nevertheless it is
interesting to recall that the great geographical doctrines, upon
whi ch Col unmbus nust chiefly have based his argunments, had been
before the world in an authoritative formpractically unheeded
for nore than twelve hundred years, awaiting a chanmpion with

courage enough to put themto the test.

GALEN- - THE LAST GREAT ALEXANDRI AN

There is one other field of scientific investigation to which we
must give brief attention before | eaving the antique world. This
is the field of physiology and nmedicine. In considering it we
shall have to do with the very |ast great scientist of the

Al exandri an school. This was C audi us Gal enus, comonly known as

Gal en, a man whose fame was destined to eclipse that of all other
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physi ci ans of antiquity except Hi ppocrates, and whose doctrines
were to have the sanme force in their field throughout the Mddle
Ages that the doctrines of Aristotle had for physical science.

But before we take up Galen's specific labors, it will be well to
inquire briefly as to the state of medical art and science in the
Roman world at the tine when the | ast great physician of

antiquity came upon the scene.

The Romans, it woul d appear, had done little in the way of
scientific discoveries in the field of nmedicine, but,
nevertheless, with their practicality of mnd, they had turned to
better account many nore of the scientific discoveries of the
Greeks than did the discoverers thenselves. The practising
physicians in early Rome were nostly nmen of Greek origin, who
cane to the capital after the overthrow of the G eeks by the
Romans. Many of them were slaves, as earning noney by either
bodily or nmental |abor was consi dered beneath the dignity of a
Roman citizen. The weal thy Romans, who owned | arge estates and
nunmer ous sl aves, were in the habit of purchasing sone of these

sl ave doctors, and thus saving nmedical fees by having them attend

to the health of their famlies.

By the beginning of the Christian era nmedicine as a profession
had sadly degenerated, and in place of a class of physicians who
practi sed nmedicine along rational or legitimate lines, in the
footsteps of the great Hippocrates, there appeared great nunbers
of "specialists,” npst of them charl atans, who pretended to

possess supernatural insight in the nethods of treating certain
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forms of disease. These physicians rightly earned the contenpt of
the better class of Romans, and were nmade the object of many
attacks by the satirists of the tinme. Such specialists travelled
about fromplace to place in nuch the same manner as the
itinerant "Indian doctors" and "lightning tooth-extractors" do
to-day. Eye-doctors seemto have been particularly numerous, and
these were divided into two cl asses, eye-surgeons and eye-doctors
proper. The eye-surgeon perfornmed such operations as cauterizing
for ingrowi ng eyel ashes and operati ng upon growt hs about the
eyes; while the eye-doctors depended entirely upon sal ves and

| otions. These eye-salves were frequently stanped with the sea

of the physician who conpounded them something |like two hundred
of these seals being still in existence. There were besides these
guacks, however, reputable eye-doctors who nust have possessed
consi derable skill in the treatnent of certain ophthal m as. Anong
sone Roman surgical instrunents di scovered at Rheins were found
al so sone drugs enpl oyed by ophthal mi ¢ surgeons, and an anal ysis
of these show that they contained, anong other ingredients, sone
that are still enployed in the treatnment of certain affections of

t he eye.

One of the first steps taken in recognition of the services of
physi ci ans was by Julius Caesar, who granted citizenship to al
physici ans practising in Rome. This was about fifty years before
the Christian era, and fromthat tine on there was a gradua

i mprovenent in the attitude of the Romans towards the nmenbers of
the nedi cal profession. As the Romans degenerated froma race of
sturdy warriors and becane nore and nore depraved physically, the

necessity for physicians made itself nore evident. Court
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physi ci ans, and physicians-in-ordinary, were created by the
enperors, as were also city and district physicians. In the year
133 A.D. Hadrian granted immnity fromtaxes and mlitary service

to physicians in recognition of their public services.

The city and district physicians, known as the archiatri

popul aires, treated and cared for the poor w thout renuneration
having a position and salary fixed by |aw and paid them

sem -annual ly. These were honorabl e positions, and the archiatr
were obliged to give instruction in nmedicine, wthout pay, to the
poor students. They were allowed to receive fees and donati ons
fromtheir patients, but not, however, until the danger fromthe
mal ady was past. Special |aws were enacted to protect them and

any person subjecting themto an insult was liable to a fine "not

exceedi ng one thousand pounds.

An exanpl e of Roman practicality is shown in the nmethod of
treating henorrhage, as described by Aulus Cornelius Celsus (53
B.C. to 7 A D.). Hippocrates and Hi ppocratic witers treated
henorrhage by application of cold, pressure, styptics, and

sonmeti nmes by actual cauterizing; but they knew nothing of the

si nmpl e method of stopping a henorrhage by a ligature tied around
t he bl eeding vessel. Celsus not only recommended tying the end of
the injured vessel, but describes the method of applying two
ligatures before the artery is divided by the surgeon--a conmnon
practice anong surgeons at the present tinme. The cut is nmde

bet ween these two, and thus henorrhage is avoided fromeither end

of the divided vessel
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Anot her Roman surgeon, Heliodorus, not only describes the use of
the ligature in stopping henorrhage, but also the practice of
torsion--twisting smaller vessels, which causes their |ining
menbrane to contract in a manner that produces coagul ati on and
stops henorrhage. It is remarkable that so sinple and practical a
nmet hod as the use of the ligature in stopping henorrhage could
have gone out of use, once it had been discovered; but during the
M ddl e Ages it was alnobst entirely |ost sight of, and was not

rei ntroduced until the time of Anmbroise Pare, in the sixteenth

century.

Even at a very early period the Romans recogni zed t he advant age
of surgical methods on the field of battle. Each sol dier was
supplied with bandages, and was probably instructed in applying
them sonething in the same manner as is done now in all nodern
arm es. The Romans al so nade use of mlitary hospitals and had
established a rude but very practical field-anbul ance service.
"I'n every troop or bandon of two or four hundred nen, eight or
ten stout fellows were deputed to ride immrediately behind the
fighting-line to pick up and rescue the wounded, for which
purpose their saddles had two stirrups on the left side, while
they thensel ves were provided with water-flasks, and perhaps
appl i ed tenporary bandages. They were encouraged by a reward of a
pi ece of gold for each man they rescued. 'Noscom' were male
nurses attached to the mlitary hospitals, but not inscribed 'on
strength' of the |egions, and were probably for the nobst part of

the servile class."[6]
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Fromthe time of the early Al exandrians, Herophilus and

Er asi stratus, whose work we have al ready exam ned, there had been
vari ous anatom sts of sone inportance in the Al exandrian school

t hough none quite equal to these earlier workers. The best-known
nanes are those of Celsus (of whom we have al ready spoken), who
continued the work of anatom cal investigation, and Marinus, who
lived during the reign of Nero, and Rufus of Ephesus. Probably
all of these would have been better remenbered by succeeding
generations had their efforts not been eclipsed by those of

Gal en. This greatest of ancient anatom sts was born at Perganus
of Greek parents. His father, Nicon, was an architect and a man
of considerable ability. Until his fifteenth year the youthfu
Gal en was instructed at hone, chiefly by his father; but after
that time he was placed under suitable teachers for instruction
in the phil osophical systenms in vogue at that period. Shortly
after this, however, the superstitious Nicon, follow ng the
interpretations of a dream decided that his son should take up
the study of nedicine, and placed hi munder the instruction of

several |earned physicians.

Galen was a tireless worker, nmeking long tours into Asia M nor
and Palestine to inprove hinself in pharmacol ogy, and studying
anatony for sonme time at Al exandria. He appears to have been ful
of the superstitions of the age, however, and early in his career
made an extended tour into western Asia in search of the
chinerical "jet-stone"--a stone possessing the peculiar qualities
of "burning with a bitum nous odor and supposed to possess great

potency in curing such di seases as epil epsy, hysteria, and gout."
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By the tinme he had reached his twenty-eighth year he had
perfected his education in nmedicine and returned to his hone in
Perganmus. Even at that tinme he had acquired considerable fane as
a surgeon, and his fellowcitizens showed their confidence in his
ability by choosing himas surgeon to the wounded gl adi ators
shortly after his return to his native city. In these duties his
know edge of anatony aided himgreatly, and he is said to have
heal ed certain kinds of wounds that had previously baffled the

sur geons.

In the time of Galen dissections of the human body were forbi dden
by law, and he was obliged to confine hinself to dissections of
the lower aninmals. He had the advantage, however, of the
anat onmi cal works of Herophilus and Erasistratus, and he nust have
depended upon themin perfecting his conparison between the
anatony of nmen and the lower animals. It is possible that he did
make human di ssections surreptitiously, but of this we have no

pr oof .

He was famliar with the conplicated structure of the bones of
the cranium He described the vertebrae clearly, divided them
into groups, and naned them after the manner of anatom sts of
to-day. He was |less accurate in his description of the muscles,
al t hough a | arge nunber of these were described by him Like al
anatom sts before the tine of Harvey, he had a very erroneous
conception of the circulation, although he understood that the
heart was an organ for the propul sion of blood, and he showed

that the arteries of the living animals did not contain air
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al one, as was taught by nmany anatom sts. He knew, also, that the
heart was made up of layers of fibres that ran in certain fixed
directions--that is, longitudinal, transverse, and oblique; but
he did not recognize the heart as a nuscular organ. |In proof of
this he pointed out that all nuscles require rest, and as the

heart did not rest it could not be conmposed of nuscul ar tissue.

Many of his physiol ogical experinents were conducted upon
scientific principles. Thus he proved that certain muscles were
under the control of definite sets of nerves by cutting these
nerves in living animals, and observing that the nuscles supplied
by them were rendered usel ess. He pointed out also that nerves
have no power in thenmselves, but nerely conduct inpulses to and
fromthe brain and spinal-cord. He turned this peculiar know edge
to account in the case of a cel ebrated sophist, Pausani as, who
had been under the treatnment of various physicians for a nunbness
in the fourth and fifth fingers of his left hand. These
physi ci ans had been treating this condition by applications of
poultices to the hand itself. Galen, being called in

consul tation, pointed out that the injury was probably not in the
hand itself, but in the ulner nerve, which controls sensation in
the fourth and fifth fingers. Surm sing that the nerve nust have
been injured in some way, he made careful inquiries of the
patient, who recalled that he had been thrown from his chari ot
some time before, striking and injuring his back. Acting upon
this information, Galen applied stinulating renedies to the
source of the nerve itself--that is, to the bundle of

nerve-trunks known as the brachial plexus, in the shoulder. To
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the surprise and confusion of his fell ow physicians, this nethod
of treatment proved effective and the patient recovered

conpletely in a short tine.

Al t hough the functions of the organs in the chest were not wel
under st ood by Galen, he was well acquainted with their anatomy.
He knew that the lungs were covered by thin nmenbrane, and that
the heart was surrounded by a sac of very simlar tissue. He nmde
constant conparisons al so between these organs in different
animal s, as his dissections were perfornmed upon beasts ranging in
size froma nouse to an el ephant. The m nuteness of his
observations is shown by the fact that he had noted and descri bed
the ring of bone found in the hearts of certain animls, such as
the horse, although not found in the human heart or in nost

ani mal s.

Hi s description of the abdom nal organs was in general accurate.
He had noted that the abdom nal cavity was lined with a peculiar
sacli ke nenbrane, the peritoneum which also surrounded nopst of
the organs contained in the cavity, and he nade special note that
this menbrane al so envel oped the liver in a peculiar manner. The
exactness of the | ast observation seens the nore wonderful when
we reflect that even to-day the nedical, student finds a correct
under st andi ng of the position of the folds of the peritoneum one

of the nost difficult subjects in anatomny.

As a practical physician he was held in the highest esteem by the
Romans. The Enperor Marcus Aurelius called himto Rone and

appoi nted hi m physici an-inordinary to his son Commodus, and on
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speci al occasions Marcus Aurelius hinself called in Galen as his
medi cal advi ser. On one occasion, the three arny surgeons in
attendance upon the enperor declared that he was about to be

attacked by a fever. Galen relates how "on special command | felt
his pulse, and finding it quite normal, considering his age and
the tine of day, | declared it was no fever but a digestive

di sorder, due to the food he had eaten, which nust be converted

i nto phl egm before being excreted. Then the enperor repeated
three tines, 'That's the very thing,' and asked what was to be
done. | answered that | usually gave a glass of wine with pepper
sprinkled on it, but for you kings we only use the safest
remedies, and it will suffice to apply wool soaked in hot nard
ointnment locally. The enperor ordered the wool, wine, etc., to be
brought, and | left the room Hi s feet were warned by rubbing

wi th hot hands, and after drinking the peppered wi ne, he said to
Pithol aus (his son's tutor), 'W have only one doctor, and that
an honest one,' and went on to describe nme as the first of
physi ci ans and the only phil osopher, for he had tried many before
who were not only |overs of noney, but also contentious,

anmbi tious, envious, and malignant."[7]

It will be seen fromthis that Galen had a full appreciation of
his own abilities as a physician, but inasnmuch as succeeding
generations for a thousand years concurred in the alleged
statement nmade by Marcus Aurelius as to his ability, he is

per haps excusabl e for his open avowal of his belief in his
powers. His faith in his accuracy in diagnosis and prognosi s was

shown when a col | eague once said to him "I have used the
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prognostics of Hippocrates as well as you. Wiy can | not
prognosticate as well as you?" To this Galen replied, "By God's
hel p I have never been deceived in my prognosis."[8] It is
probabl e that this statement was nade in the heat of argunent,

and it is hardly to be supposed that he nmeant it literally.

H s systens of treatnment were far in advance of his theories
regardi ng the functions of organs, causes of disease, etc., and
some of themare still first principles with physicians. Like

Hi ppocrates, he laid great stress on correct diet, exercise, and
reliance upon nature. "Nature is the overseer by whomhealth is
supplied to the sick," he says. "Nature lends her aid on al

si des, she decides and cures diseases. No one can be saved unl ess
nat ure conquers the disease, and no one dies unless nature

succunbs. "

Fromthe picture thus drawn of Galen as an anatoni st and
physi ci an, one might infer that he should rank very high as a
scientific exponent of medicine, even in conparison with nodern
physicians. There is, however, another side to the picture. His
know edge of anatony was certainly very considerable, but nmany of
hi s deductions and theories as to the functions of organs, the
cause of diseases, and his nethods of treating them would be
recogni zed as absurd by a nodern school - boy of average
intelligence. His greatness nust be judged in conparison with
ancient, not with nodern, scientists. He nmintained, for exanple,
that respiration and the pul se-beat were for one and the sane

pur pose--that of the reception of air into the arteries of the

body. To himthe act of breathing was for the purpose of
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admitting air into the lungs, whence it found its way into the
heart, and fromthere was distributed throughout the body by
nmeans of the arteries. The skin also played an inportant part in
supplying the body with air, the pores absorbing the air and
distributing it through the arteries. But, as we know that he was
aware of the fact that the arteries also contained bl ood, he nust

have believed that these vessels contained a m xture of the two.

Modern anatom sts know that the heart is divided into two

approxi mately equal parts by an inperneabl e septum of tough
fibres. Yet, Galen, who dissected the hearts of a vast nunber of
the lower aninmals according to his own account, maintained that
this septum was perneable, and that the air, entering one side of
the heart fromthe |lungs, passed through it into the opposite

side and was then transferred to the arteries.

He was equally at fault, although perhaps nore excusably so, in
hi s expl anati on of the action of the nerves. He had rightly

poi nted out that nerves were merely connections between the brain
and spinal-cord and di stant nmuscles and organs, and had

recogni zed that there were two kinds of nerves, but his

expl anation of the action of these nerves was that "nervous
spirits" were carried to the cavities of the brain by

bl ood-vessels, and fromthere transnmtted through the body al ong

t he nerve-trunks.

In the human skull, overlying the nasal cavity, there are two

thin plates of bone perforated with numerous small apertures.
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These apertures allow the passage of nunerous nerve-fil anents

whi ch extend froma group of cells in the brain to the delicate
menbranes in the nasal cavity. These perforations in the bone,
therefore, are sinply to allow the passage of the nerves. But

Gal en gave a very different explanation. He believed that inpure
"animal spirits" were carried to the cavities of the brain by the
arteries in the neck and fromthere were sifted out through these

perforated bones, and so expelled fromthe body.

He had observed that the skin played an inportant part in cooling
the body, but he seens to have believed that the heart was
equally active in overheating it. The skin, therefore, absorbed

air for the purpose of "cooling the heart,"” and this cooling
process was aided by the brain, whose secretions aided also in
the cooling process. The heart itself was the seat of courage;

the brain the seat of the rational soul; and the |iver the seat

of | ove.

The greatness of Galen's teachings lay in his know edge of
anatony of the organs; his weakness was in his interpretations of
their functions. Unfortunately, succeedi ng generations of
physi ci ans for sonething |ike a thousand years rejected the
former but clung to the latter, so that the advances he had nade

were conpl etely overshadowed by the m stakes of his teachings.

XI. A RETROSPECTI VE GLANCE AT CLASSI CAL SCl ENCE
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It is a favorite tenet of the nodern historian that history is a
conti nuous stream The contention has fullest warrant. Sharp
lines of demarcation are an evidence of man's anal ytica
propensity rather than the work of nature. Nevertheless it would
be absurd to deny that the stream of history presents an
ever-varying current. There are tines when it seens to rush
rapidly on; tinmes when it spreads out into a broad--seem ngly
static--current; tinmes when its catastrophic changes rem nd us of
not hi ng but a gigantic cataract. Rapids and whirl pools, broad
estuaries and tunul tuous cataracts are indeed part of the sane
stream but they are parts that vary one from another in their
salient features in such a way as to force the mind to classify

them as things apart and give them i ndivi dual nanes.

So it is with the stream of history; however strongly we insist
on its continuity we are none the less forced to recognize its
periodicity. It may not be desirable to fix on specific dates as
turning-points to the extent that our predecessors were wont to
do. W may not, for exanple, be disposed to admit that the Roman
Enpire canme to any such cataclysmic finish as the year 476 A D.
when cited in connection with the overthrow of the |ast Roman
Empire of the West, might seemto indicate. But, on the other
hand, no student of the period can fail to realize that a great
change cane over the aspect of the historical streamtowards the

cl ose of the Roman epoch.

The span from Thal es to Gal en has conpassed about ei ght hundred

years--let us say thirty generations. Throughout this period
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there is scarcely a generation that has not produced great
scientific thinkers--nmen who have put their mark upon the
progress of civilization; but we shall see, as we | ook forward
for a corresponding period, that the ensuing thirty generations
produced scarcely a single scientific thinker of the first rank
Ei ght 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 vi ewed
in perspective. Doubtless it seened far different to the
contenporary observer; it is only in reasonable perspective that
any scene can be viewed fairly. But for us, |ooking back w thout
prejudi ce across the stage of years, it seens indisputable that a
great epoch canme to a close at about the tine when the barbarian
nati ons of Europe began to sweep down into Greece and Italy. W
are forced to feel that we have reached the Iinits of progress of
what historians are pleased to call the ancient world. For about
ei ght hundred years G eek thought has been dom nant, but in the
ensuing period it is to play a quite subordinate part, except in
so far as it influences the thought of an alien race. As we | eave
this cl assical epoch, then, we may well recapitulate in brief its
triunphs. A few words will suffice to summarize a story the

details of which have nade up our recent chapters.

In the field of cosnol ogy, G eek genius has denonstrated that the
earth is spheroidal, that the nmoon is earthlike in structure and
much smal | er than our gl obe, and that the sun is vastly |arger
and many tinmes nore distant than the nmoon. The actual size of the
earth and the angle of its axis with the ecliptic have been

measured wi th approxi mate accuracy. It has been shown that the
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sun and noon present inequalities of notion 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 el aborated which serves to
explain the apparent nmotions of the heavenly bodies in a manner
that nmay be called scientific even though it is based, as we now
know, upon a false hypothesis. The true hypot hesis, which places
the sun at the centre of the planetary system and postul ates the
orbital and axial notions of our earth in explanation of the

noti ons of the heavenly bodi es, has been put forward and ardently
chanpi oned, but, unfortunately, is not accepted by the dom nant
thinkers at the close of our epoch. In this regard, therefore, a
vast revolutionary work remains for the thinkers of a later

peri od. Moreover, such observations as the precession of the

equi noxes and the nmoon's evection are as yet unexpl ai ned, and
nmeasurenments of the earth's size, and of the sun's size and

di stance, are so crude and inperfect as to be in one case only an
approxi mation, and in the other an absurdly inadequate
suggestion. But with all these defects, the total achi evenent of
the Greek astrononers is stupendous. To have clearly grasped the
idea that the earth is round is in itself an achi evenent that

mar ks of f the classical fromthe Oriental period as by a great

gul f.

In the physical sciences we have seen at |east the begi nnings of
great things. Dynam cs and hydrostatics may now, for the first
time, claima place anmong the sciences. Ceonetry has been

perfected and trigononetry has made a sure begi nning. The
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conception that there are four el enentary substances, earth,
water, air, and fire, may not appear a secure foundation for
chem stry, yet it marks at least an attenpt in the right
direction. Simlarly, the conception that all matter is made up
of indivisible particles and that these have adjusted thensel ves
and are perhaps held in place by a whirling notion, while it is
scarcely nore than a scientific dream is, after all, a dream of

mar vel | ous insi ght.

In the field of biological science progress has not been so
mar ked, yet the el aborate garnering of facts regardi ng anatony,
physi ol ogy, and the zool ogical sciences is at |east a valuable

preparation for the generalizations of a later tine.

If with a map before us we glance at the portion of the gl obe

whi ch was known to the workers of the period now in question,
bearing in mnd at the sane tinme what we have | earned as to the
seat of |abors of the various great scientific thinkers from
Thales to Galen, we cannot fail to be struck with a rather
startling fact, intimations of which have been given fromtine to
time--the fact, nanely, that nost of the great Greek thinkers did
not live in Greece itself. As our eye falls upon Asia M nor and
its outlying islands, we reflect that here were born such nmen as
Thal es, Anaxi mander, Anaxi menes, Heraclitus, Pythagoras,
Anaxagoras, Socrates, Aristarchus, Hipparchus, Eudoxus,

Phi | ol aus, and Galen. Fromthe northern shores of the aegean cane
Luci ppus, Denocritus, and Aristotle. Italy, off to the west, is

t he hone of Pythagoras and Xenophanes in their |later years, and

of Parnmeni des and Enpedocl es, Zeno, and Archi nedes. Northern
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Africa can claim by birth or by adoption, such nanes as Euclid,
Apol | oni us of Perga, Herophilus, Erasistratus, Aristippus,

Er at ost henes, Ctesibius, Hero, Strabo, and Ptolemy. This is but
runni ng over the list of great nen whose discoveries have cl ai ned
our attention. Were we to extend the list to include a host of
wor kers of the second rank, we should but emphasize the sanme

fact.

All along we are speaking of Greeks, or, as they call thenselves,
Hel | enes, and we nean by these words the peopl e whose hone was a
smal | jagged peninsula jutting into the Mediterranean at the

sout heastern extrenmty of Europe. We think of this peninsula as
the hone of Greek culture, yet of all the great thinkers we have
just nanmed, not one was born on this peninsula, and perhaps not
one in five ever set foot upon it. In point of fact, one G eek
thi nker of the very first rank, and one only, was born in G eece
proper; that one, however, was Pl ato, perhaps the greatest of
themall. Wth this one brilliant exception (and even he was born
of parents who came fromthe provinces), all the great thinkers
of Greece had their origin at the circunference rather than the
centre of the enpire. And if we reflect that this circunference
of the Greek world was in the nature of the case the wdely
circling region in which the Greek came in contact with other
nati ons, we shall see at once that there could be no nore
striking illustration in all history than that furnished us here
of the value of racial mingling as a stinmulus to intellectua

progr ess.
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But there is one other feature of the matter that mnust not be
overl ooked. Racial mingling gives vitality, but to produce the
best effect the mingling nust be that of races all of which are
at a relatively high plane of civilization. In Asia M nor the
Greek mingled with the Semite, who had the heritage of centuries
of culture; and in Italy with the Unbrians, Oscans, and
Etruscans, who, little as we know of their antecedents, have left
us nmonunents to testify to their high devel opment. The chi ef
reason why the racial mngling of a |ater day did not avail at
once to give new life to Roman thought was that the races which
swept down fromthe north were barbarians. It was no nore
possi bl e that they should spring to the heights of classica
culture than it would, for exanple, be possible in two or three
generations to produce a racer froma stock of draught horses.
Evol uti on does not proceed by such vaults as this would inply.
Celt, Goth, Hun, and Slav nust undergo progressive devel opnment
for many generations before the popul ation of northern Europe can
catch step with the classical Geek and prepare to march forward.
That, perhaps, is one reason why we conme to a period of stasis or
retrogression when the tinme of classical activity is over. But,

at best, it is only one reason of several

The influence of the barbarian nations will claimfurther
attention as we proceed. But now, for the moment, we nust turn
our eyes in the other direction and give attention to certain
phases of Greek and of Oriental thought which were destined to
play a nopst inportant part in the devel opment of the Western
m nd--a nmore inportant part, indeed, in the early nedi aeva

period than that played by those inportant inductions of science
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whi ch have chiefly clainmed our attention in recent chapters. The
subject in question is the old fam liar one of false inductions
or pseudoscience. In dealing with the early devel opnent of
thought and with Oriental science, we had occasion to enphasize
the fact that such false inductions |led everywhere to the

preval ence of superstition. In dealing with G eek science, we
have |l argely ignored this subject, confining attention chiefly to
the progressive phases of thought; but it rmust not be inferred
fromthis that Greek science, with all its secure inductions, was
entirely free fromsuperstition. On the contrary, the nost casua
acquai ntance with Greek literature would suffice to show the

i ncorrectness of such a supposition. True, the great thinkers of
Greece were probably freer fromthis thraldom of false

i nducti ons than any of their predecessors. Even at a very early
day such nen as Xenophanes, Enpedocles, Anaxagoras, and Pl ato
attained to a singularly rationalistic conception of the

uni ver se.

We saw that "the father of nedicine,” Hi ppocrates, banished
denonol ogy and concei ved di sease as due to natural causes. At a
slightly later day the sophists challenged all know edge, and
Pyrrhoni sm becane a synonym for scepticismin recognition of the
| eadership of a master doubter. The entire school of Al exandrians
must have been relatively free fromsuperstition, else they could
not have reasoned with such effective logicality fromtheir
observations of nature. It is alnost inconceivable that men |ike
Euclid and Archi medes, and Aristarchus and Eratosthenes, and

Hi pparchus and Hero, could have been the victinms of such
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illusions regarding occult forces of nature as were constantly
postul ated by Oriental science. Herophilus and Erasistratus and
Gal en woul d hardly have pursued their anatom cal studies with
equani mty had they believed that ghostly apparitions watched
over living and dead ali ke, and exercised at will a malign

i nfluence.

Doubt | ess the Egyptian of the period considered the work, of the
Pt ol emai ¢ anatoni sts an unspeakabl e profanation, and, indeed, it
was not hing | ess than revolutionary--so revolutionary that it
coul d not be sustained in subsequent generations. W have seen
that the great Galen, at Rone, five centuries after the tine of
Her ophi l us, was prohibited from di ssecting the human subject. The
fact speaks volunes for the attitude of the Roman m nd towards
sci ence. Vast audi ences made up of every stratum of society

t hronged the anphitheatre, and watched exultingly while man sl ew
his fellowmn in single or in multiple conbat. Shouts of
frenzied joy burst froma hundred thousand throats when the

deat h-stroke was given to a new victim The bodies of the slain
by scores, even by hundreds, were dragged ruthlessly fromthe
arena and hurled into a ditch as contenptuously as if pity were
yet unborn and human |ife the nmerest bauble. Yet the sane eyes
that wi tnessed these scenes with ecstatic approval woul d have
been averted in pious horror had an anatom st dared to approach
one of the nutilated bodies with the scal pel of science. It was
sport to see the blade of the gladiator enter the quivering,
living flesh of his fellowgladiator; it was joy to see the warm
bl ood spurt forth fromthe withing victimwhile he still Ilived;

but it were sacrilegious to approach that body with the knife of
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the anatom st, once it had ceased to pulsate with life. Life
itself was held utterly in contenpt, but about the real mof death
hovered the threatening ghosts of superstition. And such, be it
understood, was the attitude of the Ronman populace in the early
and the nost brilliant epoch of the enpire, before the Western
wor |l d cane under the influence of that Oriental philosophy which

was presently to enconpass it.

In this regard the Al exandrian world was, as just intinmated, far
nore advanced than the Roman, yet even there we nust suppose that
the | eaders of thought were widely at variance with the popul ar
conceptions. A fewillustrations, drawn from Geek literature at
various ages, will suggest the popular attitude. In the first

i nstance, consider the poens of Honer and of Hesiod. For these
writers, and doubtless for the vast majority of their readers,
not merely of their own but of many subsequent generations, the
world is peopled with a nmultitude of invisible apparitions,

whi ch, under title of gods, are held to dom nate the affairs of
man. It is sonetines difficult to discrimnate as to where the
Greek imagi nation drew the |ine between fact and all egory; nor
need we attenpt to analyse the early poetic narratives to this
end. It will better serve our present purpose to cite three or
four instances which illustrate the tangibility of beliefs based

upon pseudo-scientific inductions.

Let us cite, for exanple, the account which Herodotus gives us of

the actions of the Greeks at Pl ataea, when their army confronted

the remmant of the arnmy of Xerxes, in the year 479 B.C. Here we
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see each side hesitating to attack the other, nerely because the
oracl e had decl ared that whichever side struck the first bl ow
woul d | ose the conflict. Even after the Persian soldiers, who
seenmngly were a jot |ess superstitious or a shade nore inpatient
than their opponents, had begun the attack, we are told that the
Greeks dared not respond at first, though they were falling
before the javelins of the eneny, because, forsooth, the entrails
of a fow did not present an auspicious appearance. And these
were Greeks of the sane generation with Enpedocl es and Anaxagor as
and aeschylus; of the sane epoch with Pericles and Sophocl es and
Euri pi des and Phidias. Such was the scientific status of the
average m nd--nay, of the best minds--with here and there a rare

exception, in the golden age of Grecian culture.

Were we to foll ow down the pages of Greek history, we should but
repeat the sane story over and over. W should, for exanple, see
Al exander the Great bal ked at the banks of the Hyphasis, and
forced to turn back because of inauspicious auguries based as

bef ore upon the dissection of a fow . Al exander hinmself, to be
sure, would have scorned the augury; had he been the prey of such
petty superstitions he would never have conquered Asia. W know
how he conpelled the oracle at Delphi to yield to his w shes; how
he cut the Gordian knot; how he nmade his dom nating personality
felt at the tenple of Ammon in Egypt. We know, in a word, that he
yielded to superstitions only in so far as they served his
purpose. Left to his own devices, he would not have consulted an
oracle at the banks of the Hyphasis; or, consulting, would have
forced fromthe oracle a favorable answer. But his subordinates

were nmutinous and he had no choice. Suffice it for our present
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purpose that the oracle was consulted, and that its answer turned

t he conqueror back

One or two instances from Ronman history may conplete the picture
Passi ng over all those mythical narratives which virtually
constitute the early history of Rome, as preserved to us by such
hi storians as Livy and Dionysius, we find so |ogical an historian
as Tacitus recording a mracul ous achi evenent of Vespasi an

wi t hout adverse comment. "During the nmonths when Vespasi an was
waiting at Alexandria for the periodical season of the summer

wi nds, and a safe navigation, many mracles occurred by which the
favor of Heaven and a sort of bias in the powers above towards
Vespasi an were mani fested." Tacitus then describes in detail the
cure of various mal adies by the enperor, and relates that the
enperor on visiting a tenple was nmet there, in the spirit, by a
prom nent Egyptian who was proved to be at the same tinme sone

eighty nmiles distant from Al exandri a.

It nust be admitted that Tacitus, in relating that Vespasian
caused the blind to see and the lane to walk, qualifies his
narrative by asserting that "persons who are present attest the
truth of the transaction when there is nothing to be gai ned by
fal sehood."” Nor must we overl ook the fact that a sinilar belief
in the power of royalty has persisted alnpst to our own day. But
no such savor of scepticismattaches to a narrative which Dion
Cassius gives us of an incident in the life of Mrcus
Aurelius--an incident that has becone fanmpus as the episode of

The Thundering Legion. Xiphilinus has preserved the account of
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Di on, adding certain picturesque interpretations of his own. The
original narrative, as cited, asserts that during one of the
northern canpai gns of Marcus Aurelius, the enperor and his arny
were surrounded by the hostile Quadi, who had every advantage of
position and who presently ceased hostilities in the hope that
heat and thirst would deliver their adversaries into their hands
without the trouble of further fighting. "Now," says Dion, "while
t he Romans, unable either to conmbat or to retreat, and reduced to
the last extrenmity by wounds, fatigue, heat, and thirst, were
standi ng hel plessly at their posts, clouds suddenly gathered in
great number and rain descended in floods--certainly not w thout
di vine intervention, since the Egyptian Maege Arnul phis, who was
with Marcus Antoninus, is said to have i nvoked several genii by
the aerial mercury by enchantnment, and thus through them had

brought down rain."

Here, it will be observed, a supernatural explanation is given of
a natural phenonmenon. But the narrator does not stop with this.
If we are to accept the account of Xiphilinus, Dion brings
forward sone striking proofs of divine interference. X philinus

gi ves these proofs in the follow ng remarkabl e paragraph

"Di on adds that when the rain began to fall every soldier lifted
hi s head towards heaven to receive the water in his nouth; but
afterwards others hold out their shields or their helnmets to
catch the water for thenselves and for their horses. Being set
upon by the barbarians . . . while occupied in drinking, they
woul d have been seriously incommoded had not heavy hail and

nuner ous thunderbolts thrown consternation into the ranks of the
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eneny. Fire and water were seen to mingle as they left the
heavens. The fire, however, did not reach the Romans, but if it
did by chance touch one of themit was i medi ately extingui shed,
while at the sane tinme the rain, instead of conforting the

bar bari ans, seened nerely to excite like oil the fire with which
t hey were being consunmed. Some barbarians inflicted wounds upon
t hensel ves as though their bl ood had power to extinguish flanes,
whil e many rushed over to the side of the Romans, hoping that

there water m ght save them™

We cannot better conplete these illustrations of pagan credulity
than by addi ng the comment of Xiphilinus hinself. That witer was
a Christian, living sone generations |ater than Dion. He never

t hought of questioning the facts, but he felt that Dion's
interpretation of these facts nust not go unchal |l enged. As he
interprets the matter, it was no pagan nmgi ci an that w ought the
mracle. He even inclines to the belief that Dion hinself was
aware that Christian interference, and not that of an Egyptian,
saved the day. "Dion knew, " he declares, "that there existed a

| egion called The Thundering Legi on, which nane was given it for
no other reason than for what cane to pass in this war," and that
this | egion was conposed of soldiers fromMIlitene who were al
prof essed Christians. "During the battle," continues Xi philinus,
"the chief of the Pretonians , had set at Marcus Antoninus, who
was in great perplexity at the turn events were taking,
representing to himthat there was nothing the people called
Christians could not obtain by their prayers, and that anmong his

forces was a troop conposed wholly of followers of that religion
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Rej oi ced at this news, Mrcus Antoni nus denmanded of these

sol diers that they should pray to their god, who granted their
petition on the instant, sent |ightning anong the eneny and
consoled the Romans with rain. Struck by this wonderful success,
the enmperor honored the Christians in an edict and named their

| egi on The Thundering. It is even asserted that a letter existed
by Marcus Antoninus on this subject. The pagans well knew that
the conpany was called The Thunderers, having attested the fact
t hensel ves, but they reveal ed nothing of the occasion on which

the | eader received the nane."[1]

Peculiar interest attaches to this narrative as illustrating both
credul ousness as to matters of fact and pseudo-scientific

expl anation of alleged facts. The nodern interpreter nmay suppose
that a violent thunderstorm came up during the course of a battle
bet ween the Romans and the so-call ed barbarians, and that ow ng
to the |l ocal character of the storm or a chance di scharge of

i ghtning, the barbarians suffered nore than their opponents. W
may wel |l question whether the phil osophical enperor hinself put
any other interpretation than this upon the incident. But, on the
ot her hand, we need not doubt that the major part of his soldiers
woul d very readily accept such an explanation as that given by

Di on Cassius, just as nost readers of a few centuries |later would
accept the explanation of Xiphilinus. It is well to bear this
thought in mnd in considering the static period of science upon
which we are entering. W shall perhaps best understand this
period, and its seening retrogressions, if we suppose that the
average man of the M ddle Ages was no nore credul ous, no nore

superstitious, than the average Roman of an earlier period or
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than the average Greek; though the precise conpl exion of his
credulity had changed under the influence of Oriental ideas, as

we have just seen illustrated by the narrative of Xi philinus.

APPENDI X

REFERENCE LI ST, NOTES, AND BI BLI OGRAPHI ES

CHAPTER | . PREHI STORI C SCI ENCE

Length of the Prehistoric Period.--1t is of course quite

i mpossible to reduce the prehistoric period to any definite
nunber of years. There are, however, nunerous bits of evidence

t hat enabl e an ant hropol ogi st to nmake rough estimtes as to the
relative lengths of the different periods into which prehistoric
time is divided. Gabriel de Mortillet, one of the nost

i ndustrious students of prehistoric archaeol ogy, ventured to give
a tentative estimate as to the nunbers of years involved in each
period. He of course clainmed for this nothing nore than the val ue
of a scientific guess. It is, however, a guess based on a very
careful study of all data at present available. Mrtillet divides
the prehistoric period, as a whole, into four epochs. The first

of these is the preglacial, which he estimtes as conpri sing

seventy-ei ght thousand years; the second is the glacial, covering
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one hundred thousand years; then foll ows what he terns the

Sol utreen, which nunbers el even thousand years; and, finally, the
Magdal eni en, conprising thirty-three thousand years. This gives,
for the prehistoric period proper, a term of about two hundred
and twenty-two thousand years. Add to this perhaps twelve

t housand years ushering in the civilization of Egypt, and the six
t housand years of stable, sure chronol ogy of the historica
period, and we have sonething |like two hundred and thirty

t housand or two hundred and forty thousand years as the age of
man.

"These figures," says Mrtillet, "are certainly not exaggerated.
It is even probable that they are below the truth. Constantly new
di scoveries are being made that tend to remove farther back the
date of man's appearance." W see, then, according to this
estimate, that about a quarter of a mllion years have el apsed
since man evolved to a state that could properly be called human.
This guess is as good as another, and it nay advantageously be
kept in nmind, as it will enable us all along to understand better
than we m ght otherwi se be able to do the trenendous force of
certain prejudices and preconceptions which recent nan inherited
fromhis prehistoric ancestor. |deas which had passed current as

unquestioned truths for one hundred thousand years or so are not

easily cast aside.

In going back, in imgination, to the begi nning of the
prehistoric period, we nmust of course reflect, in accordance with
nodern ideas on the subject, that there was no year, no

m |l enniumeven, when it could be said expressly: "This being was
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hitherto a primate, he is now a man." The transition period nust
have been enornously | ong, and the changes from generation to
generation, even fromcentury to century, nust have been very
slight. In speaking of the extent of the age of man this nust be
borne in mnd: it nmust be recalled that, even if the period were
not vague for other reasons, the vagueness of its begi nning nust

make it indeterm nate.

Bi bl i ographi cal Notes.--A great mass of |iterature has been
produced in recent years dealing with various phases of the

hi story of prehistoric man. No single work known to the witer
deal s conprehensively with the scientific attainments of early
man; indeed, the subject is usually ignored, except where
practical phases of the nmechanical arts are in question. But of
course any attenpt to consider the condition of prinmtive man
talies into account, by inference at |east, his know edge and
attai nments. Therefore, npst works on anthropol ogy, ethnol ogy,
and primtive culture may be expected to throw sone |ight on our
present subject. Wbrks dealing with the social and nenta

condi tions of existing savages are also of inportance, since it
is now an accepted belief that the ancestors of civilized races
evol ved along simlar |ines and passed through correspondi ng

stages of nascent culture. Herbert Spencer's Descriptive

Soci ol ogy presents an unequall ed mass of facts regarding existing

primtive races, but, unfortunately, its inartistic nethod of
arrangenent makes it repellent to the general reader. E. B
Tyler's Primtive Culture and Anthropol ogy; Lord Avebury's

Prehistoric Times, The Oigin of Civilization, and The Primtive
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Condi tion of Man; W Boyd Dawkin's Cave-Hunting and Early Man in
Britain; and Edward Cl odd's Chil dhood of the World and Story of
Primtive Man are deservedly popul ar. Paul Topinard's El enents

d' Ant hropol ogi e Generale is one of the best-known and nost
conprehensi ve French works on the technical phases of

ant hropol ogy; but Mrtillet's Le Prehistorique has a nore popul ar
interest, owing to its chapters on primtive industries, though
this work al so contains nuch that is rather technical. Anpng
periodi cals, the Revue de |'Ecol e d' Ant hropol ogi e de Pari s,
publ i shed by the professors, treats of all phases of

ant hropol ogy, and the American Anthropol ogist, edited by F. W
Hodge for the Anerican Anthropol ogi cal Association, and intended
as "a medi um of comuni cation between students of all branches of
ant hropol ogy, " contains nmuch that is of interest fromthe present
st and- poi nt. The | ast-nanmed journal devotes a good deal of space

to Indian | anguages.

CHAPTER | 1. EGYPTI AN SCI ENCE

1 (p. 34). Sir J. Norman Lockyer, The Dawn of Astronony; a study
of the tenple worship and nyt hol ogy of the ancient Egyptians,

London, 1894.

2 (p. 43). G Maspero, Histoire Ancie-nne des Peuples de |I'Oient
Cl assique, Paris, 1895. Translated as (1) The Dawn of
Civilization, (2) The Struggle of the Nations, (3) The Passing of
the Enpires, 3 vols., London and New York, 1894-1900. Professor

Maspero is one of the nost fanmpbus of living Orientalists. His
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nost imnportant special studies have to do with Egyptol ogy, but
his witings cover the entire field of Oriental antiquity. He is
a notable stylist, and his works are at once readabl e and

aut horitative.

3 (p. 44). Adolf Erman, Life in Ancient Egypt, London, 1894, p
352. (Translated fromthe original German work entitled Aegypten
und aegypti sches Leben in Alterthum Tilbigen, 1887.) An

al together admirable work, full of interest for the genera

reader, though based on the nobst erudite studies.

4 (p. 47). Erman, op. cit., pp. 356, 357.

5 (p. 48). Erman, op. cit., p. 357. The work on Egyptian nedicine
here referred to is CGeorg Ebers' edition of an Egyptian docunent
di scovered by the explorer whose nane it bears. It remains the
nost inportant source of our know edge of Egyptian nedicine. As
mentioned in the text, this docunent dates fromthe eighteenth
dynasty--that is to say, fromabout the fifteenth or sixteenth

century, B.C., arelatively late period of Egyptian history.

6 (p. 49). Erman, op. cit., p. 357.

7 (p. 50). The History of Herodotus, pp. 85-90. There are
numerous translations of the fampus work of the "father of

hi story," one of the npst recent and authoritative being that of
G C Mcaulay, MA., in tw volunmes, Macnillan & Co., London and

New Yor k, 1890.
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8 (p. 50). The Historical Library of Diodorus the Sicilian
London, 1700. This nost fanmous of ancient world histories is
difficult to obtain in an English version. The nbst recently
publ i shed translation known to the witer is that of G Booth,

London, 1814.

9 (p. 51). Erman, op. cit., p. 357.

10 (p. 52). The Papyrus Rhind is a sort of mathenatical hand-book
of the ancient Egyptians; it was nade in the time of the Hyksos
Ki ngs (about 2000 B.C.), but is a copy of an older book. It is

now preserved in the British Miseum

The npst accessible recent sources of information as to the
soci al conditions of the ancient Egyptians are the works of
Maspero and Ernman, above nentioned; and the various publications
of W M Flinders Petrie, The Pyranm ds and Tenples of G zeh
London, 1883; Tanis |., London, 1885; Tanis H., Nebesheh, and

Def e-nnel, London, 1887; Ten Years' Diggings, London, 1892; Syria
and Egypt fromthe Tel-el-Amar-na Letters, London, 1898, etc. The
vari ous works of Professor Petrie, recording his explorations
fromyear to year, give the fullest available insight into

Egypti an ar chaeol ogy.

CHAPTER 1 11. SCI ENCE OF BABYLONI A AND ASSYRI A

1 (p. 57). The Medes. Some difference of opinion exists anong

hi storians as to the exact ethnic relations of the conquerors;

Get any book for free on: www.Abika.com

303



A History of Science

the precise date of the fall of N neveh is also in doubt.

2 (p. 57). Darius. The famliar Hebrew narrative ascribes the
first Persian conquest of Babylon to Darius, but inscriptions of
Cyrus and of Naboni dus, the Babyl onian king, make it certain that
Cyrus was the real conqueror. These inscriptions are preserved on
cylinders of baked clay, of the type nmade famliar by the
excavation of the past fifty years, and they are inval uable

hi storical docunents.

3 (p. 58). Berosus. The fragnents of Berosus have been transl ated
by L. P. Cory, and included in his Ancient Fragments of
Pheni ci an, Chal dean, Egyptian, and Other Witers, London, 1826,

second edition, 1832.

4 (p. 58). Chaldean learning. Recent writers reserve the nane
Chal dean for the | ater period of Babylonian history-- the tine
when the Greeks came in contact with the Mesopotam ans--in
contradistinction to the earlier periods which are revealed to us

by the archaeol ogi cal records.

5 (p. 59) King Sargon of Agade. The date given for this early
ki ng must not be accepted as absolute; but it is probably

approxi mately correct.

6 (p. 59). Nippur. See the account of the early expeditions as

recorded by the director, Dr. John P. Peters, Nippur, or

expl orations and adventures, etc., New York and London, 1897.
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7 (p. 62). Fritz Hommel, Geschichte Babyl oni ens und Assyriens,

Berlin, 1885.

8 (p. 63). R Canpbell Thonpson, Reports of the Magicians and

Astrol ogers of Nineveh and Babyl on, London, 1900, p. XxiX.

9 (p. 64). George Smith, The Assyrian Canon, p. 21

10 (p. 64). Thonpson, op. cit., p. XiX.

11 (p. 65). Thonpson, op. cit., p. 2.

12 (p. 67). Thonpson, op. cit., p. Xxvi.

13 (p. 68). Sextus Enpiricus, author of Adversus Mthenmati cos,

| i ved about 200 A.D.

14 (p. 68). R Canpbell Thonpson, op. cit., p. XXiV.

15 (p. 72). Records of the Past (editor, Sanmuel Birch), Vol.

I11., p. 139.

16 (p. 72). Ibid., Vol. V., p. 16.

17 (p. 72). Quoted in Records of the Past, Vol. IIll., p. 143,

fromthe Translations of the Society of Biblical Archeol ogy, vol.

Il., p. 58.
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18 (p. 73). Records of the Past, vol. L, p. 131

19 (p. 73). Ibid., vol. V., p. 171

20 (p. 74). Ibid., vol. V., p. 169.

21 (p. 74). Joachim Menant, La Bibliotheque du Palais de N nive,

Paris, 188o0.

22 (p. 76). Code of Khanurabi. This fanpus inscription is on a

bl ock of black diorite nearly eight feet in height. It was

di scovered at Susa by the French expedition under M de Mbrgan
in Decenber, 1902. Wt quote the translation given in The

Hi storians' History of the Wrld, edited by Henry Smith WIIians,

London and New York, 1904, Vol. I, p. 510.

23 (p. 77). The Historical Library of Diodorus Siculus, p. 519.

24 (p. 82). Ceorge S. Goodspeed, Ph.D., Hi story of the

Babyl oni ans and Assyrians, New York, 1902.

25 (p. 82). Ceorge Raw i nson, Great Oriental Mnarchies, (second

edi tion, London, 1871), Vol. IIl., pp. 75 ff.

Of the books nentioned above, that of Hommel is particularly ful
in reference to culture devel opment; Goodspeed's small vol une
gi ves an excell ent condensed account; the original docunments as

translated in the various volunes of Records of the Past are ful
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of interest; and Menant's little book is altogether admrable
The work of excavation is still going on in old Babylonia, and
new y di scovered texts add fromtine to tinme to our know edge,
but A. H Layard's Nineveh and its Renmins (London, 1849) stil
has i nportance as a record of the nobst inportant early

di scoveries. The general histories of Antiquity of Duncker
Lenormant, Maspero, and Meyer give full treatnment of Babyl oni an
and Assyrian devel opnent. Special histories of Babylonia and
Assyria, in addition to these named above, are Tiele's

Babyl oni sch- Assyri sche Geschichte (Zwei Tiele, Gotha, 1886-1888);
W nckl er's Geschi chte Babyl oni ens und Assyriens (Berlin,
1885-1888), and Rogers' History of Babylonia and Assyria, New
York and London, 1900, the |ast of which, however, deals al nost
exclusively with political history. Certain phases of science,
particularly with reference to chronol ogy and cosnol ogy, are
treated by Edward Meyer (Geschichte des Alterthum Vol. 1.,
Stuttgart, 1884), and by P. Jensen (Di e Kosnol ogi e der
Babyl oni er, Strassburg, 1890), but no conprehensive specific

treatment of the subject in its entirety has yet been attenpted.

CHAPTER |V. THE DEVELOPMENT OF THE ALPHABET

1 (p. 87). Viconte E. de Rouge, Menpire sur |'Origine Egyptienne

de |' Al phabet Phinicien, Paris, 1874.

2 (p. 88). See the various publications of M. Arthur Evans.

3 (p. 80). Aztec and Maya writing. These pictographs are still in

t he mai n undeci pherabl e, and opinions differ as to the exact
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stage of devel opnment which they represent.

4 (p. 90). E. A Willace Budge's First Steps in Egyptian, London,
1895, is an excellent elementary work on the Egyptian witing.
Prof essor Erman's Egyptian Grammar, London, 1894, is the work of

perhaps the forenost |iving Egyptol ogist.

5 (P. 93). Extant exanpl es of Babyl onian and Assyrian witing
gi ve opportunity to conpare earlier and | ater systens, so the
fact of evolution fromthe pictorial to the phonetic systemrests

on sonet hing nore than nere theory.

6 (p. 96). Friedrich Delitzsch, Assyrischc Lesestucke mt
grammati schen Tabell en und vol | stdndi gem d ossar einfiihrung in
di e assyrische und babyl oni sche Keilschrift-litteratur bis hinauf

zu Hanmurabi, Leipzig, 1900.

7 (p. 97). It does not appear that the Babyl oni ans thcnsel ves
ever gave up the old systemof witing, so long as they retained

political autonony.

8 (p. 101). See Isaac Taylor's History of the Al phabet; an
Account of the origin and Devel opnent of Letters, new edition, 2

vol s., London, 1899.

For facsimles of the various scripts, see Henry Smith WIIians'

Hi story of the Art OF Witing, 4 vols, New York and London

1902- 1903.
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CHAPTER V. THE BEG NNI NGS OF GREEK SCl ENCE

1 (p. IIl). Anaxi mander, as recorded by Plutarch, vol. VIII-. See
Art hur Fairbanks' First Philosophers of Greece: an Edition and
Transl ati on of the Remai ning Fragnents of the Pre-Socratic

Phi | osophers, together with a Translation of the nore Inportant
Accounts of their Opinions Contained in the Early Epitonts of
their Works, London, 1898. This highly scholarly and extrenely

useful book contains the Geek text as well as transl ations.

CHAPTER VI. THE EARLY GREEK PHI LOSOPHERS I N | TALY

1 (p. 117). George Henry Lewes, A Biographical History of
Phi |l osophy fromits Origin in Greece down to the Present Day,

enl arged edition, New York, 1888, p. 17.

2 (p. 121). Diogenes Laertius, The Lives and Opinions of Em nent
Phi | osophers, C. D. Yonge's translation, London, 1853, VIII., p.
153.

3 (p. 121). Al exander, Successions of Phil osophers.

4 (p. 122). "All over its centre." Presumably this is intended to

refer to the entire equatorial region.

5 (p. 125). Laertius, op. cit., pp. 348-351.

6 (p. 128). Arthur Fairbanks, The First Philosophers of G eece

Get any book for free on: www.Abika.com



A History of Science 310

London, 1898, pp. 67-717.

7 (p. 129). Ibid., p. 838.

8 (p. 130). Ibid., p. 109.

9 (p. 130). Heinrich Ritter, The History of Ancient Phil osophy,

translated fromthe German by A. J. W Morrison, 4 vols., London,

1838, vol, I., p. 463.

10 (p. 131). Ibid., p. 465.

11 (p. 132). George Henry Lewes, op. cit., p. 81.

12 (p. 135). Fairbanks, op. cit., p. 201.

13 (p. 136). Ibid., P. 234.

14 (p. 137). Ibid., p. 189.

15 (p. 137). Ibid., P. 220.

16 (p. 138). Ibid., p. 189.

17 (p. 138). Ibid., p. 191

CHAPTER VII. GREEK SCIENCE IN THE EARLY ATTI C PERI CD
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1 (p. 150). Theodor Conperz, Greek Thinkers: a History of Ancient
Phi | osophy (translated fromthe German by Laurie Magnes), New
York, 190 1, pp. 220, 221.

2 (p. 153). Aristotle's Treatise on Respiration, ch. ii.

3 (p. 159). Fairbanks' translation of the fragnments of

Anaxagoras, in The First Philosophers of Greece, pp. 239-243.
CHAPTER VI I 1. POST- SOCRATI C SCI ENCE AT ATHENS

1 (p. 180). Alfred WIliam Bern, The Phil osophy of G eece
Considered in Relation to the Character and History of its

Peopl e, London, 1898, p. 186.

2 (p. 183). Aristotle, quoted in WIlliam Wewell's History of the
I nductive Sciences (second edition, London, 1847), Vol. Il., p.

161.

CHAPTER | X. GREEK SCI ENCE OF THE ALEXANDRI AN OR HELLEN STI C

PERI OD

1 (p. 195). Tertullian's Apol ogeticus.

2 (p. 205). We quote the quaint old translation of North, printed

in 1657.

CHAPTER X. SCI ENCE OF THE ROVAN PERI OD
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1 (p. 258). The Ceography of Strabo, translated by H C. Hanilton

and W Fal coner, 3 vols., London, 1857, Vol. |, pp. 19, 20.

2 (p. 260). Ibid., p. 154.

3 (p. 263). Ibid., pp. 169, 170.

4 (p. 264) Ibid., pp. 166, 167.

5 (p. 271). K 0. MIller and John W Donal dson, The History of

the Literature of Greece, 3 vols., London, Vol. IlIl., p. 268

6 (p. 276). E. T. Wthington, Medical Hi story fron., the Earliest

Ti mes, London, 1894, p. 118.

7 (p. 281). Ibid.

8 (p. 281). Johann Hermann Bass, History of Medicine, New York,

1889.

CHAPTER XI. A RETROSPECTI VE GLANCE AT CLASSI CAL SCl ENCE

(p. 298). Dion Cassius, as preserved by Xiphilinus. Qur extract

is quoted fromthe translation given in The Hi storians' History

of the World (edited by Henry Smith WIllianms), 25 vols., London

and New York, 1904, Vol. VI., p. 297 ff.
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[ For further bibliographical notes, the reader is referred to the

Appendi x of volume V.]
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