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PREFACE

Although primarily a history of science, this book makes a new
departure: it deals with the subject critically. It presents to the
layman the main facts of science as they have come down to us
through the ages, and it does this in such a way that the layman
may, in some measure, judge for himself the value of the evidence
by which the facts are supported. It shows the weakness of science
as well as its strength, especially the present-day weakness of
fabricating hypotheses on a too slender basis of definitely ascer-
tained facts. It shows the points of contact between science, mathe-
matics, and philosophy. It holds up in relief such great exemplars
of scientific method as Galileo, Newton, Faraday, Darwin, and
Pasteur. It stresses the need for a wider scientific outlook on the
part of all persons in authority.

It was my former colleague, that thoughtful historian Mr. F.
S. Marvin, who was one of the first to insist that the history of
science is an essential part of history in the broader sense, and that
to teach the latter without including the former is to present the
subject devoid of one of its most vital interests. Admittedly the
history of science is the history of the gradual development of some
of the most fundamental ideas and conceptions of civilization. It
is these ideas and conceptions, together with the historical aspects
of scientific ' method, achievement, and progress, and the contact
of science with life, which to the layman are bound to make a much
stronger appeal than are the minutie of technical detail. If, how-
ever, the layman wishes to study the history of some one branch

of science, precise knowledge of the subject is essential to the under-
vii



viii PREFACE

standing of the significance of the stages by which successive
discoveries have been reached, and a few of the more noteworthy
discoveries I have therefore set out at considerable length, often in
the discoverer’s own words and sometimes in a quite elementary
way. )

It must not be forgotten, however, that the history of mankind
in the broader sense is a far more complex thing than the history
of science alone. Living beings and their activities, their actions
and their motives, their hopes and their beliefs, their waywagdness
and their fickleness, cannot be adequately mirrored in symbolic
schemes; human history refuses to submit to any such summary
treatment. The historian who does his subject full justice myist,
however, show how history has been swayed now by one scientific
discovery and now by another, how such discoveries have come
about and what manner of man it is who has made them, and how
it has happened that man has more and more to be fitted for life
in a civilization founded by science.

The following postulates may help the reader to adjudge more
justly the work of the men of science who have made the history
recorded in this book.

1. The true man of science is one who
(i) never says “I know ”, but says “1 believe ”, or ‘the
evidence seems to show ”’, or “it is probable ”, or “it
is possible ”’;
(i1) never refuses to recognize that what he does not clearly
understand he does not possess;
(ii1) never tries to make absurdity plausible;
(iv) never makes pontifical announcements;
(v) never indulges in melodrama.

2. Nature delights in making fools of men by encouraging
them to think that any term they may invent has infallibly a counter-
part in herself.

3. The highest categories of science are laws, which are
generalizations of facts based on evidence cumulative and con-
vincing,
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4. Hypotheses, though necessary for progress, are only pro-
visional. They rank lower than laws, for they are in some measure
speculative and subjective.

5. Science is_concerned exclusively with judgments of per-
ception, and not with judgments of feeling. A judgment of
feeling is necessarily individual and personal. Scientific truth is
not the private truth of an individual, but is objective and
universal.

It may be that some of my younger readers will be critical of
the stress I have laid on the importance of laboratory and field
work, and of the impatience I may have shown with the pleasanter
speculative work done in the easy chair. But faith in my own old
teachers—Thomas Henry Huxley, John Tyndall, John Hall Glad-
stone, and (the 3rd) Lord Rayleigh—is as strong as ever, all of
whom, in season and out of season, insisted on laboratory and field
work first and always, on facts and ever more facts. And I am still
sure they were right. Those were not the days when men of science
had brought themselves to think that the secrets of nature might
be wrung from her by algebra.

For the sake of non-mathematical readers, I have reduced
mathematical demonstrations to a bare minimum, and there is
hardly any mathematics in the book that may not be readily under-
stood by a boy who has included the subject in his Fifth Form
course at school. Science, even biology, without mathematics of
any kind is science only half alive. He who calls for * just the
romance of science and none of its equations”’ quite obviously
fails to realize all that science really signifies. |

The history of science is such a vast subject that I could only
pick and choose, and I therefore owe profound apologies to the
many great men whose works I have despoiled. 'The apologies
are specially due to those living writers from whose books I have
quoted very briefly. Quotations torn from their context are always
likely to mislead, and the reader who is interested in any particular
topic is begged to refer to the original books.
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The titles and the authors of the books to which I have been
most indebted are given at the ends of the various chapters. All
the books may be consulted at the British Museum Library, and
most of them may be obtained on loan from H. K. Lewis and Co.’s
Scientific and Medical Library, W.C.1. The periodical Proceedings
of the various learned Societies have, of course, been invaluable;
so has Nature, a faithful friend of fifty years. Weedless to say, the
successive editions of the Encyclopedia Britannica have also been
of great service. o

In particular thanks are due to:

Messrs. George Allen & Unwin, Ltd., for extracts from The Sciegtific
Outlook, by Bertrand Russell, and The Universe in the Light of Modern
Physics, by Max Planck; The British Institute of Philosophy for several
extracts—indicated in the text—from Philosophy; Messrs. The Cambridge
University Press for extracts from Prof. A. N. Whitehead’s Principle of
Relativity, Principles of Natural Knowledge, and Concept of Nature, Dr.
Harold Jeffreys’ Scientific Inference, Sir Arthur Eddington’s Nature of
the Physical World, Sir James Jeans’s New Background of Science, and
Dr. Barnes’ Scientific Theory and Religion, Messrs. Chatto & Windus and
Prof. J. B. S. Haldane for extracts from The Inequality of Man; Messrs.
Kegan Paul, Trench, Trubner & Co., Ltd., for extracts from Dr. Broad’s
Scientific Thought, Prof. M. B. Cohen’s Reason and Nature, and Prof.
Burtt’s Metaphysical Foundations of Modern Physical Science; the editor
of The Mathematical Gazette for extracts from the Gazette; the Open
Court Publishing Co. for extracts from Prof. Mach’s Mechanics; Messrs.
The Oxford University Press for extracts from Mr. Hastings Berkeley’s
Mysticism in Modern Mathematics; Messrs. The Times Publishing Co.,
Ltd., Sir Robert Giles, Mr. H. W. B. Joseph, Hon. Stephen Coleridge,
and Sir James Jeans for extracts from correspondence which appeared in
The Times; Messrs. Watts & Co. for extracts from Prof. Levy’s The
Universe of Science; Messrs. Williams & Norgate, Ltd., for extracts from
Prof. Dingle’s Science and Human Experience.

Special thanks are also due to the following persons, authorities,
and publishers, for permission to reproduce various illustrations:

Messrs. Bailliere, Tindall & Cox (figs. 189, 190); Messrs. Bell & Sons;
Mr. ¥. W. Bond and the Zoological Society; Sir William Bragg (figs. 117,
118, 119, 120, 121); The British Museum; Messrs. Cassell & Co., Ltd.
(figs. 171, 177); The Cambridge University Press (figs. 135, 172, 175,
183, plate 41); The Clarendon Press (figs. 164, 165, 170A, 170B, 173,
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plates 39, 40); Messrs. Glyndendalk, Copenhagen (fig. 110); Dr. Knox
Shaw (fig. 137); Messrs. Lippincott & Co. (fig. 174); Professor McGregor
of New York; Messrs. Macmillan & Co. (figs. 25, 74, 75, 82, 124, 178);
Messrs. Macmillan & Co. (New York) (fig. 168); Messrs. Methuen & Co.
Ltd. (figs. 108, 109); The Mosquito Control Institute, Hants. (figs. 184,
185); The Mount Wilson Observatory; Messrs. John Murray (figs. 99,
113); The National Physical Laboratory; The National Portrait Gallery;
The Hon. John (pllier; The Royal Institution; Messrs. Williams &
Norgate, Ltd. (figs. 179, 182); Messrs. Wright & Murray (fig. 156).

Aspky Heath,
March, 1934.
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THE ENDLESS QUEST:
3000 YEARS OF SCIENCE

CHAPTER 1

Geography of the Ancient World

If the reader is to obtain an adequate appreciation of the
beginnings of science, and to place the facts in a proper
perspective, he must know something of the geography and
history of the ancient world. To this end, we begin with
two short introductory chapters.

The first chapter is concerned with geography. The
sketch maps show the positions of the places named in the
text, but the reader should also examine the corresponding
maps in a good physical atlas. The inter-relations between
the history and the physical geography of the countries
concerned are so close that the history cannot be understood
without a clear visualization of the countries physically.
Mountains and rivers, deserts and fertile plains, accessible
and inaccessible places, must be seen as in a picture.

The geography is concerned mainly with N.E. Africa,
S.W. Asia, and S.E. Europe, the three regions round the
eastern Mediterranean which formed the natural centre of
the geography and history of the ancient world.

Observe that the Tunisian peninsula of N. Africa juts
out into the sca towards Sicily. Ancient Carthage, virtually

on the site of modern Tunis, was almost in sight of Sicily,
(1709) 1 2
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the principal town of which, Syracuse, was one of her greatest
rivals. The western Mediterranean stretches out to Gibraltar,
and contains the Balearic Isles, Corsica, and Sardinia. The
eastern Mediterranean extends to Syria and Palestine, and
the Adriatic and Agean Seas are prominant arms to the
north. The /Egean encloses a multitude of islands, and is
itself more than half converted into a lake by the long island
of Crete stretching across east and west (fig. 1).

Flowing into the Mediterranean at its S.E. corner is the
River Nile. For many hundreds of miles before reaching the
sea the Nile does not receive a single tributary. The river
runs along a narrow valley with rainless and waterless deserts
on either side, and this valley i1s, for all practical purposes,
Egypt. The modern town of Cairo stands at the head of the
delta. This delta is about the size of Wales; it extends along
the coast for 150 miles, and it is intersected by many sluggish
streams. A little to the west of the delta is Alexandria, the
chief port of Egypt, and for 1000 years its capital. A few
miles south of Cairo stood Memphis, the much older Egyptian
capital, founded 4000 years before Alexandria; and near
Memphis are the famous pyramids. The town of Assuan is
at the first Nile cataract, and between Cairo and Assuan are
the villages of Karnak and Luxor, where arc the ruins of
Thebes, the capital of Egypt in rather later times (fig. 2).

For the most part, Africa is separated from Asia by the
Red Sea, but the isthmus east of the Nile delta forms a
connecting land-link. From time immemorial there has
been a caravan route along the coast into Palestine, and
there 1s a second road via Suez and Akaba, towns at the
extremities of the two Red Sea arms which embrace the
mountainous district of Sinai. These two roads lead into
Asia through Palestine and Syria, two neighbouring countries
which form a narrow fertile belt between the sea and the
virtually impassable Syrian descrt. IFor thousands of years
Syria and Palestine formed the highway of invading and re-
treating armies between Asia and Egypt.  Damascus was an
early capital of Syria, and Antioch a later capital. Damascus
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4 GEOGRAPHY OF THE ANCIENT WORLD [CHaP.

and Aleppo werc great trading centres on the caravan routes
(fig. 2).

In the ancient history of S.W. Asia, the geographical
centre of interest is another great river valley, that of the
Euphrates and Tigris. These two rivers risé near each other
in western Armenia, diverge widely, approach at the Bagdad
‘““ waist ”’, diverge again, eventually join,.and then flow as
a single stream into the Persian Gulf. Above the waist, the
country ‘‘ between the rivers”’ is known as Mesopotamia,
a name which signifies the fact literally, and below the waist
is Babylonia. Babylon, the former capital of Babylonia,
stood on the Euphrates. But the names, Mesopotamia and
Babylonia, should be regarded as geographical expressions
denoting rather indeterminate and variable areas. In ancient
days, empires rose and empires fell in this part of the world,
and boundaries changed frequently (fig. 2).

One important thing to notice is the broad and extensive
fertile plain between and about the two rivers, the natural
wealth of which was the envy of neighbours for hundreds,
even thousands, of years. The plain is hemmed in on the
west by desert lands, and adventurers into Egypt always had
to travel via the Aleppo and Antioch angle. To the east of
the great river plain lies range upon range of high mountains,
and the fierce Highlanders who inhabited this mountainous
area often invaded their western neighbours, and empires
not infrequently changed hands. Assyria (capital, Nineveh),
a daughter of Babylonia, lies to the north-east, and Elam
(principal city, Susa) to the east. Rather more remote is
Media (capital, Ecbatana), and then Parthia. To the south-
east lies ancient Persia (capital, Persepolis). It is thought
that the inhabitants of all these districts came originally from
the great plateau of Iran, 5000 or 6000 feet in height, lying
between the Caspian and the Arabian seas (fig. 2).

Pheenicia, nominally a province of Syria, was a coastal
strip between the Lebanon range and the sea, north of Pales-
tine, about 120 miles long and 10 or 12 miles wide, a strip
comparable to a strip from Dover to Portsmouth, in area
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Needless to say, these colonists did ‘not always find very
friendly the mainland peoples whose shores they had made
their own. The inland town of Sardis (capital of ancient
Lydia) should be noted; also the coast towns of Miletus,
Ephesus, and Halicarnassus, as well as Ilium (Troy) near the
mouth of the Hellespont; also the coastal islands Lesbos
(and its city Mytjlene), Chios, Samos, Cos, and Rhodes.
Eubeea (close to the Greek coast), Thasos, and Lemnos, are
other important islands in the Zgean, and Cnossus, the
ancient capital of Crete is of the greatest prehistoric impor-
tance. On the mainland of Greece (which the Greeks them-
selves called Hellas) the historic cities of Sparta, Athens,
Thebes, and Corinth, should be noted; also the prehistoric
cities of Mycen® and Tiryns (fig. 3).

'The Pheenicians were bold and enterprising sailors.
They founded Carthage on the African coast, Massilia
(Marseilles), Gades (Cadiz) beyond Gibraltar, and 2000 miles
away from their homes; and they are said to have visited
Britain, probably several hundreds of years before Casar
crossed from (Gaul. The Phenicians were very secretive, and
kept their discoveries to themselves. The Greeks were less
enterprising at sea, though they felt their way round the
coasts; they established colonies at Cyrene on the African
coast, Syracuse and other places in Sicily, and on the coasts
of Italy and elsewhere.

The 15 “Early Maps’ comprising Set VII of the
Pictorial Postcards, published by the British Museum, will
be found of special interest. The first is a map of the world
drawn at Alexandria before 140 A.D. by Claudius Ptolemzeus.

b

Books FOR REFERENCE:
1. Classical Geography, 11. I'. 'V'ozer.
2. Historischer Handatlas, G. Droysen,



CHAPTER 1II

Early Civilizations: Historical Summary

It may be a million years, it may be more, since rationality
first dawned in our ancestors, and there is little doubt that
for hundreds of thousands of yecars afterwards progress was
exceedingly slow. But the time came when primitive man had
learnt to make a fire, to talk, to make simple defensive weapons,
to skin animals and to use their skins for coverings, and
gradually he seems to have made his way into most parts of
the habitable world. Columbus found him still in America
in 1492, and he is with us even now in parts of Africa and
Australia.

In some places, for instance in the region of the Pyrenees,
Palzolithic man eventually madc relatively great progress.
His pictures show that, for example, his women folk wore
well-cut skirts. His painted designs on the walls of rock
shelters and caverns display extraordinary skill and resource.
Many of these were executed on the ceilings of inner vaults
and galleries where the light of day had never penetrated.
Nowhere is there any trace of smoke, and good progress in
the art of artificial illumination must have been made. To
science this is a great puzzle: how was it done?

It may be 50,000, it may be 100,000, years since darkness
closed down on the Palzolithic age, and it may be 20,000
since it rose again and the Neolithic age was revealed. What
had happened during that long night? We do not know,
except that the Old Stone man had gone and the New Stone
man had come.

The first thing that strikes us about Neolithic man is
8
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his enormous leap forward since the Pal®olithic age. He is
far, far nearer to our own times than he is to his old-stone
ancestors. During the long unknown period between the
two ages, he had learnt to do a thousand things and to do
them well. Ile had become a skilled agriculturist. He had
tamed the domestic animals. He was versed in the fundamental
arts of spinning angl weaving. He was a highly skilful potter.
He was a builder and an architect. He had developed inven-
tions ’and arts which have gone on spreading in countless
varieties ever since. He was no longer the wild huntsman of
Paleolithic times; he had settled down into communities.
He had established forms of government. But he had not
yet discovered metals, and his best weapon of defence was the
polished stone axe, keen-edged, and beautifully made, in-
comparably superior to the chipped thing of his ancestors.
But the javelin and the battle-axe had still to come.

It 1s reasonably certain that Neolithic culture was already
firmly established in the Nile and Euphrates valleys and in
Crete 8000 or 10,000 years ago.

The Neolithic age passes insensibly into the Bronze age,
perhaps at about 6ooo or 5000 B.C., and that again into the
Iron age, perhaps at about 1500 B.C.

Whence do we obtain evidence of the Neolithic age?
History depends on written records of some kind, and writing
is an art of rclatively late invention. For records of the Neo-
lithic age we depend largely on archzology, aided by geology
and pal®ontology. TIor scveral decades archzologists have
been exploring early sites, in many cases huge stratified
mounds; unearthing buried buildings; opening tombs;
examining relics; and thus they have been able to reconstitute
the successive stages of former civilizations, the existence of
which was almost unsuspected fifty years ago. Archaology
has been continually checking, supplementing, illustrating,
and correcting written history.

Discoveries of the Palaolithic age have been compara-
tively few; of the Neolithic age, many and varied; of the

Bronze age, prolific indeed. Sculpture, pottery, jewellery,
(ET09) 20
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furniture, metal utensils, from ancient tombs and from sites
of ancient cities, have taught us much. Inscriptions and
written records on rock or clay or papyrus roll have been
deciphered and their data compared vnth evidence from
other sources. See Plate 2.

Alphabetic writing emerges in recognizable form about
1000 B.C., but the simplicity was the result of many cen-
turies, perhaps of millenia, of complicated signs and scripts.
A tremendous advance was made from the practice of using
a picture to represent some idea associated with the object
depicted, to that of representing a sound. Ultimately, a
phonetic system was introduced, in which a certain picture
stands for the sound of each syllable of a name. The final
analysis of sounds which reduces the multitude of syllables
into some twenty-five elementary sounds was a further
tremendous step, and the Egvptians made such an analysis
before the dawn of history proper, though they did not give
up the older method of picture writing.

The wedge-shaped writing first used by the ecarly Baby-
lonians was originally a picture writing, of which the pictures
were made up of a number of wedge-shaped impressions on
soft clay which was afterwards baked. Later the pictures
became patterns, and the signs came to rcpresent syllables
but not letters. At the beginning of their historic period the
Babylonians had introduced a most elaborate system of
syllabics.

The interprctation of the Egyptian hicroglyphics and
Babylonian cunciform writing (Lat. cuneus, wedge) has added
greatly to our knowledge in recent yecars of the ancient civili-
zations.

Some of the pcoples of the ancient civilizations were gradu-
ally attracted towards the Mediterranean shores, and eventually
we find that therc were three great centres of rapid progress,
namely, in the Nile and I“uphrates valleys and in Crete. The
rise and fall of Egypt, the risc and fall of the succession of
empires in the Babylonian region, and the rise and fall of Crete,
mark the first great stage of history. The second great stage—
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the rise of Greece and later the rise of Rome-~followed at once.
Then camc the third—the clash betwcen the weakening
peoples of the Mediterranean and the more vigorous peoples
of central LEurope, and the eventual scttling down of the
modern world. 'Timc after time a ruder and less civilized
people overwhelmed an older civilization, but the ruder
conquerors usually® assimilated something of the civilization
they overwhelmed and eventually took their turn as world
leaders. The successive supremacies —Babylonian, Assyrian,
Persian, Greek, Roman—all left behind them valuable
legacies for their succcssors.

Egypt.

Until conquered by the Persians, Egvpt was rather
isolated. During the goo years since Hastings, England has
had a succession of five ruling dynasties; during the 4000
years from the establishment of the Egyptian capital of
Memphis to the time when Alexander seized the country,
there werc thirty-one dynasties, and these form fairly well
attested landmarks in Egyptian history. The 4000 years in
Egypt before the Christian era was essentially a civilization
of the Bronze period, though there must have been an ad-
vanced stage of Neolithic culture at least as far back as 6ooo
B.C. When Memphis was founded by Menes, the first king
of the first dynasty, in 4400 B.C., copper workers and gold
workers were alrcady showing great skill; so were the carvers
of alabaster vessels; and beautiful work in inlaid ivory and
ebony was being turned out. By 3800 B.c., the great stepped
pyramid and the great sphinx of Ghizeh had been built, and
obviously a very high level of technical skill in building had
been reached. It is an impressive fact that the time gap
between the pyramid-builders and Homer (8oo B.C.) is as great
as between Homer and oursclves. It is the remarkable skill
shown by the pyramid-builders that compels us to believe
that there must have been in Egypt a long preceding period
of advanced preparatory culture. At a later period Egypt fell
a prey to her neighbours time after time: first to the Hyksos,
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a thousand years later to the Persians, then to Alexander,
then to the Romans; and, later, to Islam. Alexander drove
out the Persians in 332 B.C., and at his dcath his general
Ptolemy became the ruler and founder of a new dynasty. The
Roman conquest took place in 30 B.c. Alexandria, founded
by Alexander himsclf, was the great centre of activity during
the time of the Ptolemies. It was not-only a great port
but for a long time the greatest educational centre of the
world. .

Iron seems to have been known in Egypt as far back as
the first dynasty, but it was not much used. Copper was
used for a long time, though for cutting purposes it was
inferior to the old sharp-edged flints; it was too soft. When,
where, and by whom tin was first added to copper to make
bronze, we do not know. It may have been a lucky accident;
if so, it was an accident which led to a tremendous leap
forward in civilization. But it may have becn the result of
repetitional experiments, by some skilful craftsman, Egyptian
or other, though, if so, i1t is more probable that the craftsman
was working empirically rather than according to any formu-
lated hypothesis. ‘T'his important early chapter*of science
is unknown to us. The Egyptians also engaged seriously in
astronomical observations, but in this respect they seem to
have been outrivalled by the Babylonians. It is as builders
and measurers that the early Egyptians claim the attention of
modern science. They scem to have known little or nothing
of geometry as a branch of formal mathematics, but they
were great masters of practical mensuration.

Another unrevealed Egyptian secret is the first making of
glass. The production of porcelain was an art which grew
out of a knowledge not only of pottery but of glass and glaze,
and this seems to be traceablc to a date as far back as 3500
B.Cc. The discoveries, in 1922, in the shrine of the tomb of
King Tutankhamen (1400 B.C.), included some pancls of
beautiful blue glaze, scarabs of rare colours, and a host of
objects of the finest and dainticst craftsmanship. What a
secret from science is the origin of all these things!
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Babylonia.

Somewhat later than in Egypt, a remarkable civilization
arose in Babylonia. It was characterized by great progress in
practical, legal, and commercial matters, and at the same time
it was devoted to the belief that human destiny might be
read in the stars. The Babylonians’ extraordinary skill in the
study of celestial bbdies furnished the data which in the hands
of the Greeks became the foundations of astronomy. Thales’
predietion of an ecclipse was certainly based on Babylonian
observations. . The entire Babylonian Jaw code, which was
put together in 2100 B.C., has been discovered, and it is
clear that Babylonian life was organized under a highly
developed legal system. 'T'he earliest surviving written
records go back to perhaps 3500 B.c. The city of Babylon
was by far the greatest capital city of the world for a very
long period.

Assyria, a Babylonian colony on the north east, gave its
parent much trouble almost from the start, and eventually
became master (750-600). Its own great capital, Nineveh,
was the home of a famous library. The Chaldeans of Baby-
lon came into their own again for a period (606-539)

Persia followed in building up a great empire which
included Babylonia and Assyria, but it found Greece (490)
much too hard a nut to crack, and it was conquered by
Alexander in 334.

Crete.

The prehistoric archaology of the AEgean begins with
Schliecmann’s attempt in 1872—4 to find Homer’s Troy. In
1876 Schliemann passed over to the Greek mainland, and at
Mycenz and Tiryns in South Greece he found any amount of
evidence of a very old civilization, totally un-Hellenic. The
splendour of Mycena belonged exclusively to the later
Bronze age, and in 1goo Sir Arthur Evans discovered that
the birthplace and the chief home of this culture had been in
Crete.
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It soon became evident that there had been a widespread
advanced Neolithic culture in the islands of the Aigcan
and on the Greek mainland, and possibly on the shor~s of
the Mediterranean generally, a culture which, perhaps,
progressed rather slowly until the discovery of bronze.
This culture has been appropriately called “ Minoan ”,
after a legendary king of Crete.

According to Sir Arthur Evans, the Minoan age includes
the whole of the Bronze age, and the early Minoan period
was contemporary with the carly dynasties of Egypt. But
Cretan development was cut short. Apparently some great
catastrophe took place about 1350 B.C.; the wonderful
palace at the Cretan capital, Cnossus, was destroyed, and the
civilization was overwhelmed. 'I'he successive invasions of
Greece by hordes from the north and the east certainly
overwhelmed Greece then or a little later, and afterwards
the /AEgean islands as well, and the invaders were probably
responsible for the general destruction.

It is belicved that Cretan culture was indigenous and had
grown up there from immemorial times, though it is true
that extraneous influences from the Nile and from Asia
Minor operated from a remote period. The hill of Cnossus,
with its stratified human deposits, tells a story of 10,000 or
12,000 years. But even the carliest stratum shows the culture
in an advanced stage, with carcfully ground and polished
axes and fincly burnished pottery. T'he beginning of Cretan
Neolithic must thercfore go back to still more remote anti-
quity.

The recently discovered achievements of this civilization
are remarkable indeed. The Minoan priest-kings, by the in-
genious planning of their lofty palaces, story after story, by
their successful combination of the useful with the beautiful
and stately, by their scientific sanitary arrangements, far outdid
the similar works of Lgypt and Babylonia. As builders and
sanitary engincers, the Cretans showed the most amazing
skill. They also developed new and original crafts, for
instance, inlaid metal-work never yet surpassed. Moreover,
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wonderful artistic skill was shown. Domestic arrange nents
were most claboratc. Women’s clothing was beautifully cut
and finished, the flowing drapery suggesting first-class dress-
makers rivalling those of the present day. We are able to trace
a complete systém of writing, from its earliest pictographic
shape, through the conventionalized hieroglyphic, to a linear
stage of great perfgction.

Did science play any part in the development of this
early civilization? We do not know. But of the astonishing
skill of the Cretan architects, builders, and craftsmen we
have the most abundant cvidence, and it is exceedingly
difficult to believe that all this work was carried out by mere
rule of thumb.

Phoenicia.

We seem to get a glimpse of science in the early history
of Pheenicia. 'This small country had already had a long
history, but it made its greatest strides on recovering its
independence from Lgypt about 1400 B.c. The fall of Cretan
sca-power left the whole Mediterranean to the enterprising
Pheenician sailors, who were great shipbuilders and whose
maritime trade extended afar. They secized the isle of Thasos
in the north ZAgean and mined its gold; they obtained copper
from Ceylon; they fetched tin from Britain. In short,
they scem to have been efficient metallurg'sts. They manu-
factured Tyrian purple (the city of 'I'yre is frequently men-
tioned in the Bible), a famous dye bringing them much
wealth because of the great demand for it in connexion with
priestly and imperial ceremonial; it was obtained from a
shellfish on the Mediterrancan shores. Did they know
something about chemistry? How did they learn the art of
shipbuilding?

Greece.

The wonderful Minoan civilization in Greece, as exem-
plified in so marked a way in such recovered cities as
Mycenz and Tiryns, was overwhelmed about 1300-1250 by
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invading hordes of Ach®an ‘ horse-tamers ”’ from the north.
They conquered Greece, Crete, and the /Egean islands, and
settled down, destroying much, but nevertheless absorbing
a great deal from the civilization they overwhelmed. 'The
Trojan war (1194-84) was a war between‘the Achzxans of
Greece and the Phrygians of Asia Minor, arising from an
act of piracy at Sparta. About 1100 thesc was another in-
vasion of Greece, this time by Dorians, also from the north.
(We are reminded of the successive invasions ot Britain by the
Saxons, Danes, and Normans.) For centuries the peninsula
was paralysed by feuds between the two races. Refugees
colonized the coasts of Asia Minor, Ionia in the centre,
Zolis in the north, and Doris in the south. The outstanding
fact of these centuries is that the Minoan age sank sud-
denly. Elaborate Minoan dress gave way to a mere blanket,
fastened with safety-pins. Bronze is gradually superseded
by iron.

The Greeks of history are the products of the fusion.
Like oursclves they are a hybrid stock. Much was lost by
the overthrow of the Minoan civilization, but the ultimate
gain from the fusion of the different stocks was incomparably
greater than the loss.

During the Bronze age, Grecce was remarkably rich in
gold, as the sensational finds at Mycenz readily testify.
Homer has many lines reminiscent of the riches of Mycena
but he himself does not seem to have lived in times of such
abundance. In the early Iron age gold was cven rarer, as is
seen by the astonishment of the Greeks at the royal wealth of
a man like Creesus. Macedonia also seems to have worked
a little gold in early times, as is seen from gold slags found
on various sites. 'There were also many early silver mines in
the Taurus and other places. Copper was certainly found in
Mycenz, and the prehistoric copper mines of western Crete
were reopened in Hellenistic times and continued until the
Middle Ages.

Hellenic culture was not, as classical scholars used to
think, ‘““a wonder-child which sprang, like Athena herself,
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fully panoplied from the head of Zeus ”. It took its birth in
prehistoric Crete, from which it derived its high efficiency in
almost all departments of human art and industry. The best
of the traditions of Cretan culture survived, and formed the
basis of future Hellenic culture.

The history of Greece is largely the history of rival city
states, of jealousy, of trcachery, of civil wars. The cities of
Athens, Sparta, and Thebes, cach had a season in the sun, and
each in its turn was crushed. ‘ The glory that was Greece ”
began to fade, and at this critical time a new power began to
rise in the neighbouring state to the north. The Macedonians
were closely akin to the Greeks, and their kings claimed
Greck descent. Philip invaded Greece, and, speedily getting
the upper hand, formed an alliance with the Greeks for a
war with Persia. His son Alexander (““the Great’’), com-
parable with such world figures as Cazsar, Mahommed,
Charlemagne, and Napoleon, spread Greek civilization by
the sword practically all over the known world. On the
throne at twenty, his lifc was closed at thirty-three. He
reflected the true genius of Greece by his incessant search
for new knowledge. His successors held the ground until the
Romans in their turn set up an even greater world dominion
than Alexander had done.

Round about the years 450-400 B.C. Greece reached its
golden age. Athens is then the great centre of a great picture.
Never in the world’s history has there been such a rapid
succession of famous men—statesmen, writers, philosophers,
builders, sculptors—prominent Greeks all certain of a place
in history as long as history lasts. It was now that science
really took its birth: we shall refer to this again.

Rome.

At the end of the Minoan age, say 1200 B.C., the political
and economic conditicns cf Italy and Sicily were hardly in
advance of those in the Agean 2000 years before. The wants
of the peasants were few and easily provided, and nothing
was to be gained by co-operation. Everything remained
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stationary. Whence and when the * Ttalic ”’ speaking peoples
of the lowland plains of south Italy camc is a matter of con-
jecture. 'I'he clans were not closely associated and they lived
in scattered settlements. But migrants from Asia Minor seem
to have set up some sort of an empire west of the Apen-
nines and between the Arno and T'iber rivers about 1100
B.C. The name given to this area was Etryria, and certainly
the Etruscans were of far greater antiquity than the Romans.
Etruria was an empire when Rome was still one of hundreds
of insignificant ‘‘ cities ”’ in her dominions.

Emigrants from Greecc and probably from Asia Minor
seem to have scttled on the shores of Italy and Sicily from
the time of the I'rojan war onwards, and one part of the
“broad ” (latus) flatland on the coast of Italy gave its name to
Latitm and to its pcople, the Latini; and across the northern
corner of the flatland ran the yellow I'iber. Some fiftecn
miles up-strcam was a low isolated hill; the Palatine, com-
manding a ford-like crossing into LItruria. lere Rome was
born, tradition says, in 753 B.c. By this time, Sparta, the
chief Dorian camp in Greece, had already settled down and
was engaged in wars of conquest.

How Rome cventually became mistress of the world is
a matter of well-known history. She reached her golden
age at the beginning of the Christian era; she showed signs
of decay during the second century A.p.; and eventually she
was overwhelmed by the more vigorous peoples from the
north and north-east.

'The Romans werc not, by a very long way, the intcllectual
equals of the Greeks, but they were far more practical. 'They
were eminently a common-sense people, not unlike ourselves.
Scicnce owes them little, as we shall see.

Like the Greeks, the Romans were a hybrid race, though
of a different ancestral fusion. They appropriated thc heri-
tage which Greece had received from Minoan civilization,
but as the centurics went on, the civilization was placed on
a much broader basis, by the welding together of many
heterogeneous elements.
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Evidence from Archzology and from History.

Until comparatively recent times, it was the custom of
historians to think of history, as Ireeman did, merely as
past politics, or'as a record with a strong bias of some kind,
it might be in favour of a particular party, of a particular
church, or of a pagticular royal personage. It rarely occurred
to them to write coldly and impartially, to supply the main
facts, pro and con, from which readers themselves might
form'a judgment. They wrotc as the popular press of to-day
writes; they suppressed facts unfavourable to the causc they
advocated, and the facts that were favourable they attrac-
tively coloured. ‘T'he present-day historian dares not pursue
such a course; his critics would be many and ruthless.
Nevertheless he often has great difticulty in arriving at the
truth when he has to depend for his facts on his predecessors
of a bygone age. Morcover, a large proportion of the facts
necessary for the real understanding of the past have never
been recorded and are unknown. 'To the student of science,
nothing 1s of greater importance than a knowledge (i) of
the conquest of matcrial resources by means of new tools,
implements, machinery, and other devices, and (ii) of the
industrial, social, political, artistic, and religious consequences
of such a conquest. Yet at one time historians would devote
page after page to the doings of a ruffianly baronage, and not
spare even a line for such far-rcaching ipventions as gun-
powder, the mariners’ compass, and printing. Even in more
modern days some of them do not seem to realize that the
external and internal combustion engines are as truly the
great symbols of power in the present age as werc the
flint hatchets in the stone age. 'The recovery of the past
is demanding a new type of historian, and happily he is
forthcoming.

For the facts of ancient history we have to depend in
large measure on Herodotus. That his testimony is some-
times to be questioned may be seen from his statement that,
when Xerxes invadcd Greece, over 5,000,000 men accom-
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panied him to Thermopyle. 'That this number is grossly
exaggerated, the simplest arithmetic applied to the local
conditions of the time shows at once, as all present-day
historians readily recognize. Five millions of men and all
their impedimenta on a single march through an almost
roadless country and living on the small villages they passed
through! Our confidence in such an historian is inevitably
shaken.

Now contrast this with an entirely different type of
evidence, from archzological records. A treaty between
Rameses II of Egypt (1345 B.C.) and the Hittites has long
been known from deciphered Lgyptian records. Recently,
the old capital of the Hittites, Pteria (Boghaz Keui), has been
unearthed, and cuneiform records of the draft of the same
treat;7 have been discovered. Thus we have in stone, at two
placcs 1500 miles apart, records of the same event made in
different languages by two nations. 'The records when inter-
preted are essentially identical.

During the last thirty years the work of archaologists
has been wonderfully fruitful. Agreement among them is
common, and inasmuch as their rescarches are essentially
scientific-—every scrap of cevidence is scrupulously examined
—the results may be accepted as at least of cqual value with
many of the records of the ancient historians.

The student of science may profitably place the main
facts of the history of his subject in a true perspective setting,
chronologically. When he reads a textbook of English history
and finds only about one-tenth of the available space devoted
to the first half of the chronological record, he is apt to forget
that history was as much in the making during those first
thousand ycars as during the second. An accurately spaced
time-linc is a good corrective:

L l |
55 B.C. 10600 1934

That we do not know many of the facts of the first thousand
years must be admitted, but that these facts can have been
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fraught with less far-reaching consequences than those of
the next thousand years must be denied.

'The child gleans from his Bible that the first fixed point
in history was 4004 B.C., assigned as the date of the creation.
We now know that this represents about the time when the
Egyptian calendar was settled, some 3000 years before the
Trojan war and before the time of the Jewssh King Solomon.
By that time (4000 B.C.), both Egypt and Babylonia and
Crete were in a comparatively advanced state of civilization.
The famous capitals, Memphis, Babylon, and Cnossus, were
in being, and they were capitals indeed.

A few outstanding dates of early events should be com-
mitted to memory. 'T'he main facts of history will then fall
into a proper perspective. ‘The reader might well design for
himself a little chart, based on a correct time-line, something
like the one on the previous page.

Books FOR REFERENCE:

1. Historians’ History of the World, Vols. 1, II.

2. Palace of Minos at Knossos, Sir A. Evans.

3. Mycence, 11. Schliemann.

4. Agean Archaology, 11. R. Hall.

5. Crete, the I'orerunner of Greece, C. and H. Hawes.



CHAPTER III

BaBylonian Astronomy

Even primitive man must have been familiar with the
apparent revolution of the sun round the earth and with the
periodical recurrence of the phases of the moon, and he
must therefore have been able to measure off his time in
days and months. And he must have had some idea of the
length of a year, though he would have gleaned that from
recurring seasons and from the succession of his crops,
rather than from astronomical observations. The week came
later, when he felt the need of allocating seven days, in turn,
to ceremonial associated with the sun, moon, and the five
planets he had already discovered.

Gradually his interest in the heavenly bodies would be
extended. On the extensive Euphrates-Tigris plains, star-
gazing by the Chaldxan shepherd nomads became almost
proverbial. Babylonian records from as carly as 3800 B.C.
imply that even then the varying aspects of the sky had
long been under expert observation. ‘The temple towers
made excellent observatories. The stars were grouped as
we know them now at least as early as 2800 B.c. It was early
discovered that the sun pursued amongst the stars practically
the same path as the moon and planets; and this path was
divided into 30° divisions among the belt of twelve constella-
tions forming the Zodiac. 'The advantage of the easily fac-
torizable number, 360, was evidently recognized.

During the hundreds, perhaps thousands, of years of
observations and the carcful making of records, various
important astronomical cycles were discovered, for example,

the time of revolution of the sun and hence the length of the
23



24 BABYLONIAN ASTRONOMY [CHAP.

year; and the times of revolution of the five known planets.
But more than this, they discovered the Saros cycle of 223
lunar months (18 ycars 11-3 days, or 6585 days), the period
during which the sun, moon, and earth, make a complete
cycle of movements with respect to one another. During this
period there is thus a certain definite number of eclipses of
the sun and the moon. Hence, if eclipses are recorded during
one period of the cycle, they can be exactly predicted for any
future period. The Chaldaans could not predict eclipses
to the minute, as modern astronomers can, but they“could
do it to within an hour or so. And all from naked-eye obser-
vations!  Think of the patient labour, systematized over
centuries! Did they expect a periodical recurrence, and tabu-
late their records in such a way as to discover 1t? or did they
hit upon it by chance? |

But, more than this, the Babylonians were apparently aware
of the precession of the equinoxes. If an ordinary spinning-
top be watched when it begins to “die”’, it 1s seen to “ wobble”’.
Its axis no longer remains vertical but describes an inverted
cone. So it 1s with the earth’s axis, which, wobbling about
its mid-point, describes a pair of cones, apex to apex. The
earth’s axis is not ‘‘ vertical ”’, that is, it is not perpendicular
to the plane of the ecliptic; it makes an angle of 231 degrees
with the vertical, and it now points very nearly to the so-called
Pole star. But, owing to the wobbling, instead of always
pointing in the same direction, it describes among the con-
stellations a circle, like the axis of the spinning-top. This
circle has a radius of 231 degrees, the axial inclination of
234 degrees to the vertical being constant.

Both the * vertical” and the inclined axis are axes of
two great circles, the ecliptic and the equator, respectively.
These intersect at opposite points, like two equal hoops, one
thrust half-way through the other, the angle between the
planes being, of course, 23} degrces. The intersecting points
are usecfully called equinoxes. If the earth’s axis remained
parallel to itself, the equinoxes would remain fixed. In
point of fact they are moving backwards (hence the term pre-
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cession), and the vernal equinox, once at the first point of
Aries, has moved back to a point in Pisces. The cycle of the
complete precession amounts to 26,006 years. DBut although
the Chaldzans were apparently awarc of the fact of the pre-
cession, they evidently did not understand its significance.
The knowledge they had acquired implies patient, systematic,
accurate, and intelligent observation extending over a long
period of years. The explanation of the precession was
given by Hipparchus, a long time afterwards.

We have no evidence that the Babylonians formulated
any sort of theory of celestial motions. They seem to have
made no scientific analysis of their observations. 'They had
no hypotheses. They cngaged in observation; they made
records; they noted regularitics; they framcd laws. Their
records made an easy jumping-off ground for the Greeks.
They had no instruments, though they invented a water
clock (clepsydra) and they used a sundial.

Before the reader condemns the Babylonians for not
making a greater advance, let him ask himself (if he is not
a trained astronomer) how, for example, he would dctermine
the length of the solar year. How would he detéerminc the
odd quarter of a day (or rather 5 hours 48 minutes) in the
3653 days? Let him not refer to books but think out the
problem for himself. Thec Babylonians did it, and they had
no instruments of any kind. Or a much simpler problem: how
would he determine the sun’s path among the stars? The
sun and the stars arc never scen together, except during
eclipses. The Chaldxans probably did it by a systematic
observation of the last conspicuous star to rise just before
the sun. But let the reader face the problem for himself.

Quite intelligent people have never yet discovered how
easy it is to tell the approximate time on a starlight night,
merely by noting the amount of revolution of prominent
stars or constellations. Leave the house, say, at cight o’clock,
and note a star exactly due north. Where will the star be at,
say, eleven o’clock? How familiar some of Hardy’s humble
Wessex folk were with such facts! Perhaps.the reader sits all
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day long in his library with a window facing south. From
morn till eve all the ycar round the shadow of a vertical
stile of his window travels round the room and records the
position of the sun: it is a good working sun-dial. Has he
ever noted the positions of the shadows for future reference?
The systematic and accurate observation of the Chaldzans
puts most of us to shame.

The Chaldzan pricsts used their k.novxlcdge for base
purposes. By their occasional accurate forecasts of happen-
ings in the sky, made from their knowledge of periodical
cycles, it was an ecasy thing to induce the simple-minded
peasantry to belicve that the sun, the moon, and the planets
were gods to be feared, worshipped, and conciliated by
presents—a simple way of eking out the priestly incomes. The
surviva: of their astrolegy, cven to the present day (it may take
the morc medern forms of phrenology or palmistry), is a reflec-
tion both on the gullibility of not a small section of the popu-
lacc and on the chicanery of individuals who know, none
better than themselves, that the “art” they profess to
practise is dcliberately fraudulent and a sham.
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CHAPTER 1V

Egyptian Mathematics

Our most important source of information in regard to
early Egyptian mathematics 1s a hicratic papyrus forming
part of the Rhind collection of the British Museum. It was
written by a scribe named Ahimnes, probably about 1600 B.C.,
and 1s itsclf mainly a copy of a trcatise perhaps 1000 years
older. ‘ Directions for attaining knowledge of all dark
things ”’ are the opening words of the treatise. The text,
which has been deciphered, consists of actual problems
rather than of principles; answers arc given but not as a
rule the processes by which they arc obtained. Fractions in
arithmetic arc dealt with; so are formule, equations, and
progressions in algebra; but the greater part of the treatise 1s
devoted to practical geometry and mecnsuration. Owing to
the periodical Nile floods and the consequential frequent
obliteration of thc boundarics of estates, the art of practical
surveying and mcasurement was highly developed in very
carly times. Iigyptian geometry was esscntially practical.
Problems were not systematized; no thecoretical scheme of
any kind scems to have been built up. It was left to the
Greeks to develop a system of deductive geometry.

A more rccent discovery, however, the Moscow Papyrus,
going back to about 2250 B.c., seems to suggest that the
Egyptians may have made much greater progress in mathe-
matics than has hitherto been supposed. This papyrus has
not yet been published in full, and it is therefore still necessary
to suspend judgment.

Egyptian mathematics may be suitably illustrated by

-
27
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reference to the Great Pyramid of Ghizeh, and to the two
problems from thc Moscow Papyrus that Sir T. L. Heath
has singled out for comment.

The planning of such a colossal building as the Great
Pyramid, the perfect finish and the fitting together of the
vast number of stones composing it, its transport and its
construction, is a tremendous building and enginecring
achievement. 'The carly ILigyptian architects and builders
may have had no knowledge of abstract mechanics or geo-
metry, but of their great technical skill thc amplest evidence
still remains for all the world to sec.

The present appcarance of the Pyramid is that of a succes-
sion of squarc courscs of stone masonry, diminishing from
the base upwards, cach course consisting of fitted rectangular
blocks of uniform thickness. Though fatiguing, it is easily
feasible to climb to the top, just as one would ascend a stair-
case; the 202 surviving steps are, however, of an average
height of well over two feet. 'This stepped appcarance does
not represent the Pyramid in its original form. Originally,
the angles of the steps were all filled in with beautifully
fitting outer blocks of casing, and the whole polished. Most
of this outer casing has long ago been taken away and used
for other purposcs by local builders, and cven the upper
courses of the corc masonry have disappeared; the top is now
a platform, over thirty fcet square. The Pyramid was built
on the solid rock, the corners being Ict into prepared sockets.
Around the basc was a limestone pavement, over forty feet
in width (fig. 4).

The rectangular slabs composing the core were accurately
cut to fit, the average size being 40 cubic feet and the weight
2} tons. But over the king’s chamber in the heart of the
pyramid are 56 special roofing stoncs, cach weighing 54 tons.
All the stones were quarried on the other side of the Nile,
cut to exact shape and size, floated down the river, and then
probably levered into position up a specially prepared in-
clined plane. The stones were cut by means of bronze saws
eight feet long set with jewels (the bronze itself was not hard
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enough); and in the preparation tubular drills and circular
saws were also used. The correct cutting of the angular
stones for the casing at the corners of the pyramids suggests
a sound knowledge of practical geometry.

The pyramid covers 13} acres; the walk round takes a
good quarter of an hour. 'The height is some 120 feet higher
than St. Paul’s, or more than threce times the height of the
Nelson column.

SuBTERRANEAN A

CHAMBER \_hljrv/ n

Fig. 4—Scctional drawing of the Great Pyramid

Flinders Petric, Piazzi Smith, Howard Vyse, and others
have measured up the pyramid with very great care, and, alto-
gether, years of labour have been devoted to the task. Diffi-
culties have been many, partly because of the disappcarance
of most of the casing stones, partly because of the worn
condition of much of the masonry of the core, espccially at
the angles, and partly because of the vast accumulation of
rubbish round the base.

Taking the mean of the various measurements made, the
original length of each side of the base was approximately
9120 inches (760 feet), and the vertical height, 5804 inches
(484 feet). 'The angle of the facial slope to the horizontal
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8
works out to 51° 50" (tan-! 2004 51° 50'), and this cal-

culated slope agrees exactly with theodolite determinations
of the angle obtained from the aligned cdges of the successive
steps of core masonry.

An examination of these measurements reveals some
interesting results: '

1. The Ratio of the base edge to the height == g120/5804
= L1 very nearly. Hence the ratio of thec semi-peiimeter
to the height - - 22 -- 7 (approximatcly).

2. 9120"" =— 760" = 6080'/8 - - 1 of a geographical mile,
or 1 of a degree of latitude. Thus the Lgyptians may have
planned the pyramid with a perimeter of 1/2 of a degree of
latitude in length. Did they know cnough about astronomy
to be able to measurc latitude with this close degree of approxi-
mation?

(In Egyptian cubits, the base edge and the height were
440 and 280 cubits, respectively.)

It has been suggested that the Egyptians may have set
to work in this way: The theoretical polar cubit is the
1/10,000,000th part of the earth’s semi-polar axis (7891
miles — 500,500,000 inches); hence the polar cubit =
25-025 inches. Possibly the Egyptians estimated this cubit to
be approximately 25 inches. Now 25" X 365 — g125” which
is very nearly the length of the base edge of the pyramid.
Did the Egyptians thus intend the dimensions of the pyramid
to be based on the number of days in the year and on the
polar cubit? It is very unlikely. 'The arithinetical approxi-
mation is probably due to mere chance. In point of fact, all
sorts of ‘‘ remarkable” arithmetical relations have been
‘““ discovered ”’ from the pyramid measurements, some of
them almost childish. One author gravely puts forward the
view that they definitely foreshadow certain important events
in the Biblical narrative, and he writes at great length to prove
his thesis.

In the interior of the pyramid, there are two large recesses,
the king’s and the queen’s chambers. The measurements in
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cubits of the chambers and of the passages leading to them
reveal a far-reaching scheme of proportional planning.
Lengths, breadths, heights, diagonals, areas of floors, areas
of walls—there is throughout an interdependent ratio sim-
plicity that is more than a little astonishing. 'The mere positions
of the two chambers and the angular directions of the passages
leading to them are, in relation to the pyramid as a whole, of
particular mathematical interest.

Not the Icast interesting fact about the pyramid is the
correcf orientation, north and south, east and west. The
most skilful checking has not discovercd an crror of more
than a minute fraction of a degrce. And the base is really
square. ‘'There is practically no deviation from true right
angles. Has the reader himsclf cver tried to plan out, say,
a tennis court? T'o make quite sure that the angles are exact
right angles and the diagonals exactly equal 1s a really difhi-
cult problem. Yet the Ilgyptians solved it. They probably
did not know the theorem of Pythagoras, but they undoubtedly
knew the particular casc that a triangle with sides in the
ratio of 3, 4, and 5 must be right-angled. It was probably the
business of thc so-called * rope-stretchers ” to take a piece
of rope, say, 120 fcet long, to mark it into lengths of 30’, 40’
and 50’, then to convert it into a triangle, to stretch the sides
tight, and thus to provide a huge set-square for setting off
perpendiculars. 'T'his device is often used even at the present
day, though, since a rope tends to stretch, a metal chain is
preferable; for instance, g6 of the 100 links of a surveyor’s
chain, with 24, 32, and 40 links in the three sides of the
triangle.

The Moscow Papyrus leads us to question the opinion,
which was hcld until recently, that the Ligyptians’ knowledge
of mathematics was exclusively of a practical nature.

We lcarn from Archimedes that it was Democritus who
first discovered that the volume of a pyramid is cqual to 1/3
of the corrcsponding prism, but from the Moscow Papyrus
it would scem that the discovery was made at least a thousand
years earlier. Problem 14 of the papyrus is the more difficult
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problem of determining the volume of a truncated pyramid,
on a square base.

The formula used is quite familiar to the modern school-
boy: V = }h(a®-- ab + %), where a and b represent the
edges of the two square faces, and % the height. We do not
expect such a complex formula to be determined empirically.
On the other hand, if it had a theoretical basis, how could
it have been obtained except by deduction from the formula
for the volume of a complete pyramid on a square base,
V = 3ha®? And this minor formula itself is not particularly
easy to establish; it is not usually considered by boys until
they reach the Sixth Form. The Egyptians may have estab-
lished it empirically; for example, they may have compared
the volumes of a prism and a pyramid on equal bases and of
equal heights, by filling specially made hollow models with
water, corn, or other convenient material. They could
hardly have failed then to discover that 44a® represents the
volume of the pyramid, at least very approximately. Even
s0, it is a very big jump to deduce the formula V == }A(a? -|-
ab -}- b?), representing the volume of the frustum, 2 now
representing the difference in the heights of the two pyramids,
viz. (1) the small pyramid cut from (2), the main pyramid.
This is another piece of mathematical work for capable
Sixth Form boys. We are almost bound to infer that the
Egyptians knew morc about mathematics than has hitherto
been thought.

We may now refer briefly to Problem 10 of the Moscow
Papyrus, the determination of -the area of the surface of a
hemisphere. Let the reader forget his school mathematics
and try to determine this area for himself. Nay, let him try
to solve the much easier problem, to determine the value of
m, the ratio of the circumference to the diameter of a circle.
Let him devise a practical plan of some kind, say by winding
thread several times round a cylinder, dividing its ascertained
length by the number of turns, and dividing the result by
the length of the measured diameter of the cylinder. He may
feel much satisfaction if he obtains a value correct to two
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decimal places (3-14). But he probably won’t. Schoolboys
often have to ‘‘ verify ”’ the value of = by a practical plan of
this kind, but even the best of them seldom produce a really
satisfactory result. Of course the value of = has now been
calculated to several hundred decimal places (it is known to
be non-terminating and non-recurrent), but the calculation
has been made by,indirect, not direct, means. The value
usually memorized is 3-1416.

Now, the Egyptians calculated the value of = to be 28/3% =
256/81 = 12 — 3.16. We deduce this from the Ahmes
Papyrus, where the area of a circle is stated to be (d — }d)?
d being the diameter of the circle.

The Moscow Papyrus gives for the area of the surface of
a hemisphere'

= [2d — }.2d — §(2d — } . 2d)]d,
= 1(23 6)d°

= —g'n'dz

= twice the area of the great circle,

which is exactly right if we accept the Egyptian value 256/81
as the value of .

How such a remarkable result was arrived at we do not
know. There seems to be no record of any attempt to deter-
mine the surface of a sphere before the time of Archimedes,
who was the first to prove that the surface of a sphere is equal
to four times the area of the plane circle through the centre
(four times the area of the great circle).

That the Greeks learned much from the Egyptians we
know. 'That they learned much more from them than we
are aware of is highly probable.
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CHAPTER V

(g

The Genius of the Greeks

The remarkable intellectual achievements of the hybrid
race of people which in early historic times had settled
down in Greece have always stirred the imagination of the
modern world. The complete fusion of the successive hordes
of invaders took many hundred years to bring about. Civil
wars continued for centuries, and intellectual life was rather
slow in its awakening. When at last it did awake it was on
the periphery rather than at the centre, in the quicter colonies
across the sea rather than on the mainland. Thus we find
the first Greek ‘school” in Ionia—the islands and the
coastal strip of western Asia Minor; the second a little later,
in the Greek colonies of Sicily and southern Italy. The two
famous schools at Athens, the Academy and the Lyceum,
were founded later still. Eventually, all the local schools
were overshadowed by the world university established at
Alexandria. A Greek “ school ” must not be thought of as
a specially erected building with a teaching staff and equip-
ment of the modern type; rather it usually refers to a place
where somc prominent teacher had arisen, whose original
methods and doctrines had attracted attention. That teacher
might or might not set up an actual school for teaching
purposes; in the main he was the founder of a new school
of “ thought .

People often wonder why the Greeks were so greatly
the intellectual superiors of their predecessors, the Egyptians
and the Babylonians. At least two reasons may be put for-

ward as possible explanations. In the first place it is probable
34
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that their intellectual gifts were the result of the particular
race blend resulting from their hybrid ancestry. Inthe second
place it is certain that they were completely free to give full
play to their reason. In Babylonia and Egypt, science, such
as it was, had been the monopoly of the_ priests; it “thus
becamie involved in routine observances and was used in a
collection of lifeless formule. Any layman who searched
for new knowledge was immediately suspected; he was a
potential enemy of priestly privileges. Progress under such
conditions was necessarily slow. But the Greeks, fortunately
for themselves, had no organized priesthood. They were
untrammelled by traditional dogmas or by superstition.
They were free to give their reasoning faculties full play, and
to create science as a living thing susceptible of development
without limit.

There can be no question that the Greeks possessed the
love of knowledge for its own sake. ¢ To see things as they
really are ”” was with them an obsession. To give a rational
explanation of everything seems to have been almost their
chief life-purpose. They were drawn to science, to mathe-
matics, to logic, and to exact reasoning, as kecenly as they
were to literature and toart, T'heir methods were often faulty,
their conclusions™ were often absurd; but they had that
fearlessness of intellect which is the first condition of seeing
truly.

That their methods of investigation were sometimes
even a little crude need not surprise us at all, for they were
first in the field, and they had to grope their way along.
All methods they had to invent.

In their power of analysis, they have never been sur-
passed, and their mathematicians as a group take the foremost
place in mathematical history. In their power of synthesis,
they do not take a first place or even a second, and, judged
by modern standards, their science is of little importance,
although there are one or two bright patches. In matters
of taste, again they stand first. Contrast the simplicity and
the beauty of a Greek temple, with the lavish ornament of
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a Gothic cathedral. Greek architecture, Greek statuary,
Greek literature, are all singularly free from any sort of
violent emphasis. What a contrast with our habitual use of
florid language, our habitual exaggeration of small emotions!
Even the greatest of the Greeks appear to us moderns
to have made so many mistakes of such an elementary
character that we are inclined to castigate them over and
over again. And yet again and again we go back to them,
recognizing in them something immensely great, somgthing
permanent, something of eternal value. Always we find some-
thing that we failed to find before. All down the ages the
Greeks have been recognized as subtle and profound; no
great scholar has ever denied it. 'That so few of us fully
appreciate them must probably be put down to some kind
of innate mental deficiency, just as we may be tone deaf to
Mozart or Beethoven, or colour blind to Raphael or Rubens.

Book FOR REFERENCE: The Legacy of Greece, R. W. Livingstone.



CHAPTER VI

The Greek “Schools”

The Ionian School.

The best known of the twelve Ionian cities are Miletus
and Ephesus, and the best known of the islands, Samos and
Cos.

The Ionian School was founded by Thales (624-547
B.C.), who was born at Miletus though he was of Pheenician
descent. By profession an engineer, he constructed an em-
bankment for the river Halys in Asia Minor. He went tc
Egypt and when he returned to Greece he brought back an
extensive knowledge of practical geometry, about which h
began to think and to theorize, and it is virtually certain thaj
theoretical geometry owes its birth to him. Indeed we ma
almost say that mathematics, science, and philosophy all
owe their birth to ‘T'hales and his successors. At this
time the three subjects formed a single discipline, an un-
divided subject of study. Division came with Aristotle.
The Ionians were men of science rather than philosophers.
in the strict sense.

Thales became famous through his prediction of a solar
eclipse, but this reputation was probably very lightly won,
as he seemsto-hawe had access to the Babylonian astronomical
records, and his prediction amounted to little more than the
working out of a simple arithmetical sum. His real reputation
rests on the fact that he was the world’s first mathematician.
Certain propositions of geometry, with their proofs, after-

wards embodied in Euclid, were almost certainly due to him.
37
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The Pythagorean School.

Thales made a start, but the real foundations of mathe-
matics were laid by another Ionian, Pythagoras (570-504
B.C.), who was born in Samos. He visited Egypt and Babylonia,
and finally settled down at the Greek colony of Croton in
southern Italy, where he founded a schogl of his own. The
school was really a sccret society, and left no writings. All
discoveries were attributed to * the Master ”’, and it is_there-
fore not possible to distinguish the work done by Pythagoras
himself from work done by his followers.

There can be no doubt that Pythagoras was a great
mathematician. He was the founder of arithmetic. He
discovered a great deal concerning the theory of numbers,
more especially in connexion with music and geometry; in
fact, it became a main tenet of the school that number
was the mainspring of the universe. His greatest success,
however, was in geometry; every schoolboy knows (or
ought to know) ‘“ the theorem of Pythagoras’, and most
schoolboys nowadays have made models of Pythagoras’s
five *‘ Regular Solids”’. We shall return to Pythagoras in
the next chapter. -

The Pythagoreans not only placed mathematics on a
scientific basis, but they developed, however vaguely and
imperfectly, the idea of a world of physical phenomena
governed by physical laws. They also taught that the best
and truest purification of the soul was scientific study. This
seems to explain the religious note which is characteristic of
all Greek science.

Three famous difficult mathematical problems that have
come down to us from antiquity are: (1) To determine the
edge of a cube twice the volume of a given cube; (2) To
trisect an angle; (3) To find the area of a circle.

About a century after the death of Pythagoras, we find
Archytas (430-361 B.C.) head of the school, and it was he
who solved the first of the three problems. His remarkably
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ingenious solution has been the admiration of modern mathe-
maticians. It depends on a construction in three dimensions,
from which a certain point at the iritersection of three surfaces
is determined. Sir-"Fr—I—Heath-gives a workable figure in

his books, to whith the-reader-may bereferred.

The Eleatic Schqol.

N The Eleatic School was so called because its leaders were

natives of the Greek colony, Elea, in south Italy. Parmenides
and his disciple Zeno* were the two leaders specially identified
with its main principles. In particular, Zeno (495-435 B.C.)
is famous for the difficulties he raised in connexion with
questions that required the use of infinite series, such, for
instance, as the well-known paradox of Achilles and the
tortoise. Zeno’s various paradoxes made the Greeks sus-
picious of the use of infinitesimals, and ultimately led to the
invention of the method of cxhaustions. Zeno went with
Parmenides to Athens.

The Athenian School.

After the disastrous defecats of the Persians at Marathon
and Salamis, the intellectual life of Greece became gradually
centred at Athens, and eventually the intellectual prominence
of that city was firmly established. As the wealth and power
of Athens increased, many sophists sgigled there. Among
the other things the sophists did w teach the art of
oratory: the power of effective speaking was a condition of
success in Athenian public life. One of the best-known
sophists was Hippias of Elis (c. 420 B.c.), a geometrician who
managed to solve the second of the famous mathematical
problems, viz. the trisection of an angle. For this purpose
he invented a curve known as the Quadratrix (see p. 48).
Anaxagoras of Clazomenz, the last of the great Ionian
philosophers, an astronomer, settled at Athens about 460
B.C. Zeno of Elea also settled there.

* Not to be confused with Zeno the founder of the Stoic philosophy of Epi-
curus, both of whom lived much later than Zeno the mathematician.
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The history of the Athenian school begins with the teach-
ing of Hippocrates of Chios* (¢. 420 B.C.), one of the greatest
of the Greek geometricians. He succeeded in devising a
simple method of finding the areas of lunes, and so of giving
a useful clue to the connexion between the areas of rectilineal
figures and of curved figures.

The Athenian school was put on a permanent basis by
the labours of Plato (427-347 B.C.).

Socrates Plato
From the bust in the Capitoline From the bust in the Naples
Museum, Rome Muscum
Fig. 5

Plato had been a follower of Socrates (469-399 B.c.), and
they were the only two Athenians to become front-rank
philosophers. Socrates, a man of singularly independent
mind, acquired a great reputation for ‘‘ wisdom ”’; he was
a great dialectician, and the influence of Zeno on his dia-
lectic is unmistakable. He led his pupils to inquire what
they really meant by the words they used, and so taught them
to form the habit of scrupulously examining the premisses
of all their arguments. His opponents he covered with
ridicule by weaving around them a dialectical web from which

* T'o be distinguished from his contemporary, Hippocrates of Cos, the physician.
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they simply could not disentangle themselves. Naturally
he made many enemies.

Socrates did not invent a system: he devised a method.
‘“ All reasoning depends on original premisses; all premisses
consist of words. Never attempt to reason until both pre-
misses and words have been scrupulously examined, or the
reasoning will igfallibly be spurious.” Can we imagine
advice more sound!

This was indeed the golden age of Greece. Never before
and never since in the history of the world has there been
such a galaxy of intellectual stars, all within the space of about
100 years. Philosophy, history, the drama, poetry, archi-
tecture, sculpture, mathematics, science, all save the last
were represented by -intellectual giants. In mathematics
alone there were at least a dozen whose names will live for
all time. In philosophy there are at least two, Plato and
Aristotle, who still dazzle the world by their remarkable
gifts.

After the tragic death of Socrates, Plato remained away
from Athens for eleven years. He then returned and became
head of the Academy, over the portals of which he caused to
be inscribed the words, All Non-Mathematicians barred. He
was not a great mathematician himself, but he was fully
alive to the necessity of giving education a mathematical
basis. With Plato as head, no wonder the school produced
such a large number of famous mathematicians. 'Though
Plato did little original work in mathematics he made valuable
improvements in the logic and methods employed in geometry.
Perhaps the greatest achievement of Plato’s school was the
invention of analysis as a method of mathematical discovery
and proof. The method had been used before, but it was
Plato who systematized it and established it as a definite
method.

We have no space to refer to Plato’s philosophy, his
main subject. As to his science, the reader may obtain a
fairly accurate survey of his views from the Timcus. 'This

particular dialogue seems at first to be rather obscure. Unless
(E709) 3
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the reader is a thoroughly competent Greek scholar, he had
better be satisfied with Jowett’s translation. We shall refer
to it again.

Plato’s most famous pupil was Aristotle (384-322 B.cC.),
a native of Stagira on the shores of the North ZAgean, “ who
is felt to be so mighty, and known to be so wrong.” Though
for more than twenty years with Plato at.sthe Academy, he
was no mathematician, and after Plato’s death, he set up in
Athens another school which became known as the Lycgum.
Though Aristotle took all knowledge for his province, he
was primarily a zoologist. No later zoologist has excelled
him in accuracy of observation. He also introduced a new
method, a method which may be roughly described as the
method of induction. He insisted on observation, on facts,
on verification. The method he taught was well-nigh perfect.
The method he used when investigating physical science
was, outside the rcalm of zoology, almost puerile. He often
‘made the most absurd statements about things which he
must have accepted on hearsay and never attempted to verify.
And yet the world has always recognized him—and rightly
—as one of some half-score of its greatest sons.

The effect of Aristotle’s rejection of the mathematics of
Plato’s Academy was to make a permanent breach between
philosophy and science.

Aristotle’s best-known pupil is Theophrastus (372-
287 B.C), who did for botany what his master had done for
zoology. But with the death of Theophrastus, the Peripatetic
School (as the Lyceum came to be called) practically died
too. Then science for the most part came to a full stop.
Mathematics still forged ahead.

Of the other mathematicians of the Athenian School,
Eudoxus (407-355 B.C.), a student of Archytas, and then of
Plato, was probably the most famous and second only to
Archimedes. He developed the theory of proportion, and
applied it to commensurables and incommensurables alike;
he used the method of exhaustion for measuring curvilinear
arcas and solids; he discovered some theorems involving
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golden section; he constructed an orrery, and he wrote a
treatise on astronomy.

Democritus of Abdcra (c. 460 B.c.) hardly belonged to
the Athenian school, though he was a contemporary of
Eudoxus. He was a front-rank mathematician but our main
interest in him is as an atomist. Hippocrates of Cos (460-
357 B.C.) was a little earlier than Democritus; he-was the
great physician of antiquity.

The’ Alexandrian School.

After Alexander’s death in 323 B.C., his vast empire was
dividéd among his generals, and Alexandria, the new Egyptian
capital;fellTo Ptolemy. Under the rule of the successive
Ptolemies the city became the centre of the learned world.
By 300 B.C., the *“ Museum ” (the seat of the Muses), was
founded and became, in effect, a university of Greek learning.
Attached to it were a great library and lecture-rooms for the
professors. Here for 700 years Greek science and mathematics
had its head-quarters and its home. Athens was entirely
eclipsed. Rome was never a scientific centre in ancient times,
and Romans as well as Greeks went to Alexandria to study
medicine, mathematics, astronomy, and geography.

It was at Alexandria during the third century B.c. that
mathematics reached its highest development, and with this
development are associated the great mathematicians, Euclid
(c. 330-275 B.C.), Archimedes (287-212 B.c.), and Apol-
lonius of Perga (c. 260-200 B.Cc.). Aristarchus, a contem~l
porary of Archimedes, was famous as an astronomer.

The next century was a period of some decline, though
not a few men came well to the front. Hipparchus (c. 1601

120 B.C.) was perhaps the greatest astronomer of antiquity,
though Claudius Ptolemy of Alexandria (fl. c. A.D. 140) wa
scarcely less distinguished.

Of inventors and engineers, there are two well-known
names, Ctesibius (¢. 135 B.c.) and his pupil Hero (c. 75
B.C.). Of physicians, Galen. (c. A.p. 130) ranks high.

kThe last two Greek mathematicians of note are heard of
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300 or 400 years later. Diophantus (c. A.n. 300), whose
name is associated with algebra, and Pappus, who taught at
Alexandria about the same time.

Despite the increasing opposition of the churches, science
struggled on for a century or two longer, but in the fifth
century A.D., the Greek torch, which had geen aflame for a
thousand J?%}’ gigkered out. The an invasion
took place, and 't

e famous é!giandri_an library wag ruthlessly
destroyed by the c&g@m&r The next ears
was mainly a period of darkness,

The Greeks had to begin at the beginning; they had to
find the way. They were animated by the true spirit of
inquiry, and this inquiry they were free to pursue for hundreds
of years. They aimed at an interpretation in the light of
reason. As time went on they learnt to verify their dis-
coveries by repeated observations. But their power of analysis
exceeded their power of deduction, and this explains why
they made such amazing headway in mathematics, so little
headway in other directions. As now, so then: scientific
workers were far too prone to invent hypotheses, but unlike
workers of the present day they had very few facts to work
on, and nearly all their hypotheses in physical science eventu-
ally collapsed like soap bubbles.

But if their blunders were many, their achievements
were many, too. Eventually, their supply of geniuses ran out,
but even if the supply had lasted the new world conditions
from the fifth century A.n. onwards would have proved
fatal to them. With the Renaissance great men were born
again. .

Greek “gcience” is generally considered to include
mathematics as well as physical and biological science. We
Shattconsider briefly, 1n order, Greek mathematics, astronomy)’
biology, medicine, an V] emistry. Lhis order
probably indicates correctly the degrees of diminishing success.
Space does not permit of a general historical treatment. Only
the most famous leaders will be mentioned and the value of
their work estimated.

.
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CThe principal members ? the earlier schools may bc

shown chronologlcally thus: S~ b-u-af(J
BC. 600 300
~——THALES —>
<+PYTHAGORAS~
~—PaARMENIDES
<+—ZENO
o ~—ANAXAgIORAS—

<HiPPoCRATES C—>
~+—HiprocraTES Cos—>
<«— SOCRATES—
<—DEeEMOCRITUS ——>
~—Hippias—
“—— PLATO—>
~—Evooxus—-
<—ApRisToTLE~>
~<+—THEOPHRASTUS—>

And of the great Xlexandrian school thus:

BC. 300 ' 200 100 0
~—EucLio—
~—ArisTArRcHUS—
~—ARCHIMEDES—
~<-ApoLLONIUS —
<o—HIPPAROHUS
~<—CresiBlUS~>
~—Hero—>

Note that Theophrastus in the first group and Euclid
in the second were contemporaries, though FLuclid was
forty-two years the younger.

Ptolemy the astronomer flourished about A.D. 140. Galen
was born in A.D. 130, and Diophantus and Pappus both
flourished about A.n. 300. Some of the dates given in the
chapter are necessarily rough approximations.
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3. Early Age of Greece, W. Ridgeway.

4. Lectures on Classical Subjects, W. R, Hardie.

5. Some Aspects of the Greek Genius, S. H. Butcher.



CHAPTER VII

Greek Mathematics

Pythagoras.—Pythagoras not only made great advances
in practical arithmetic and in the theory of numbers, but his
knowledge of geometry covered the greater part of the subject-
matter of Euclid I, II, IV, VI. His theory of proportion did
not apply to incommensurables, but he appears to have
discovered the existence of the incommensurable or irrational
in the particular case of the ratio of the diagonal to the side
of a square. He was also acquainted with the five regular
solids, and since the construction of a pentagon (the dodeca-

hedron is based on the pentagon) required a knowledge of
‘““golden section’, Pythagoras’s knowledge of geometry
may have been much more extensive than we know. ‘‘ Golden
Section >’ (Euclid II, 11; VI, 30) is of far-reaching importance
in mathematics.

Pythagoras certainly proved those properties of right-
angled triangles which are given in Euclid I, 47, 48, but the
proofs given in Euclid were Euclid’s own. What proofs did
Pythagoras devise? We can only conjecture. It may have been
based on some simple method of dissection: for instance,
in two equal squares in which the sides of both are divided

in the same ratio, it is obvious (fig. 7) that the four
40
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shaded triangles in the one are identical with the four in the
other, and that therefore,

area T = area W - area V.

Whether he succeeded in devising a rigorous proof we do
not know.

The method attributed to him of proving that the ratio
of the diagonal to the side of a square is incommensurable is
quite easy to follow:

If possible, let the ratio be commensurable and consist
of two integers, a and b, prime to each other, i.e. having no
common divisor other than unity. Then (Euclid I, 47):

b = 24?,
.. b% is an even number,
.. b 1s an even number.

And since a is prime to b, .. @ is an odd number.
Again, since it has been shown that b is an even number,
b may be represented by 2#;

S (2m)? == 242,

c.a® = 2n?

s, a%1is an even number,
.. a 1s an even number,

.". the same number a must be both odd and even, which is

absurd.

.. the ratio of the side to the diagonal is 70t commensurable.
The point of interest in this is the rigour of the proof at

this early stage of mathematics: the whole subject was still
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in its cradle. (The proof appears as the last proposition in
the tenth book of Euclid.)

Hippias is best known to us through his invention of a
curve described by combining two uniform movements, one
angular, one rectilinear, taking the same time to complete.
The curve, known as the quadratrix, was uszd for the division
of an angle in any ratio.

Let the rotating radius AD move through the right
angle DAB to AB in the same time that AD moves, parallel to
itself, to BC. The point determined by the intersecting lines

B c describes the quadratrix BQ.
E For instance, let AD
rotate to AE while AD moves
' ' to A'D’. Then F is a point
A E D
2z on the curve.

o’ LDAB __arc BED _ AB
LDAE arc ED FH

The curve once constructed
enables us not only to trisect
an angle but to divide an
angle in any ratio. For
instance, divide the angle EAD in the ratio 3:4.

Divide the perpendicular FH at F’ in the ratio 3:4 so
that % = 3; and through F’ draw the parallel A”’D",
cutting the quadratrix in Y. Join AY and produce it to meet
the arc BD in Z. Then Z divides the angle EAD in the
ratio 3 : 4. Draw the perpendicular YK.

LZAD YK FH.

LEAD FH FH'’
. LEAZ _FF' _ 4
"2ZAD FH *

Such a simple expedient for solving such a difficult
problem is remarkable. Hippias devised an instrument for

A H KQ D

Fig. 8
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constructing the curve mechanically, but Plato would not allow
the use of any instruments except a ruler and a pair of compasses.

Hippocrates of Chios developed the general geometry
of the circle, but his most celebrated discoveries are in con-
nexion with two "of the three classical problems already
referred to, the quadrature of the circle and the duplication
of the cube. The reader will readily understand that to find
the area of any given rectilinear figure is a comparatively
simple matter, but that the transformation of the area of a
curvilinear figure into an equivalent rectilinear area is another
matter altogether. It will sufficc here to indicate the way in
which Hippocrates approached the problem. Again note the
simplicity and the elegance of
the solution.

The figure shows a right-
angled triangle with semicircles
described on the three sides.
From Euclid I, 47, and XII, 2,.
it follows that

area of semicircle on EF

= area of semicircle on ED
- area of semicircle on DF,

thatis, Q + M +R = N + Q + P + R;
o.M = N -+ P,

that is, the area of the triangle is equal to the sum of
the areas.of the two lunes. Thus we have the sum of
two curvilinear areas expressed in terms of a rectilinear
area.

Plato.—Compared with some of his contemporaries,
Plato was not a great original mathematician, but he was a
mathematical enthusiast, and above all things a mathematical
teacher. We often hear it said that mathematics is a deductive
science, and so it is if judged from the dress in which it is
set out, for a mathematician sets out the solution of his
problems as Euclid set out his propositions; the setting out
consists of chains of deductive reasoning, based upon ultimate
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premisses. But the mathematician solves his problems
analytically. As Plato so clearly showed, this method is the
only method. We will take the reader back to his early school-
days, and repeat a lesson in the form he probably received it.
Let him observe how the data of the préblem are examined
and analysed, and how, once the solution has been discovered,
the whole thing may be set out, deductively, rigorously
reasoned from first principles.

ABCD is a parallelogram ; E s the mid-point of OBC, and
AE and DC produced intersect at F. Prove that AE = EF.

Argument.

(1) What facts are given?
(i) ABCD is a/Zm; .. its opp. sides are ||.
(ii) BE == EC (by constr.).

(2) What have I to prove?

That AE = EF. ,
(3) How have I been able to prove before, that two lines
are equal?

(i) Somctimes by finding them in two congruent As.

(ii) Sometimes by finding them in a A with two angles
equal.

(iii) Sometimes by finding them to be the opp. sides
of a Z7m.

(4) Does either of these plans seem possible, to prove
AE eq. to EF? .
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(5) Yes, the first, for the As ABE and FCE look congru-
ent? .

(6) Are they congruent?
(7) Yes. Two 4s and a side, as marked.

Now I know how to write out the proof in the ordinary way.
Proof. Inthe As ABE, FCE,

., BE = EC, (constr.)

LAEDB = £LTFEC, (vert. opp. Ls)

LABE := 2FCE, (alt. £s; BC across ||s AB, DF)
. AABE =AFCE, (2 4s and a side)

.. AL = EF. (which was to be proved).

This is not onc of Plato’s own problems; it is just a
simple illustration of Plato’s mcthod. Plato was a master of
mathematical method; a great master too. We shall return
to him as a teacher of science in Chapter XI.

Euclid.—Euclid’s reputation rests mainly on his Elements.
This treatise contains a systematic exposition of the leading
propositions of elementary geometry, exclusive of the conic
sections. It is largely a compilation from the works of previous
Writers.

The form in which the propositions are presented, con-
sisting of enunciation, statement, construction, proof, and
conclusion, is due to Euclid; as also is the synthetical character
of the work, each proof being written out as a logically correct
train of reasoning, based ultimately on a number of defini-
tions and axioms, but without any clue to the method by
which it was obtained.

The definitions and axioms contain, however, many
assumptions which are not obvious; 1in particular, the postu-
late about parallel lines is not only not self-evident, it is not
capable of proof. Further, no explanation is given as to the
reason why the proofs take the form in which they are pre-
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sented; the synthetical proof is given but not the analysis
by which it was obtained. How Euclid solved his problems,
we do not know; he merely wrote out the solutions, though
that he did perfectly. On the other hand, the propositions
are arranged in such a way as to form‘a perfect chain of
geometrical reasoning. The logical relations of the first
thirty-two propositions of the first book are clearly shown in
this tabular scheme.

1
|
2
|
3 4
| ]
|
5
|
7
|
8
IR
22 [ |
| 11
O |
i 13
10 |
‘ 15
23 l
[ l
16
217 29
|
l
31
[

52

Books I-1V and VI deal with plane geometry, Book V
with the theory of proportion, Books VII to X with the
theory of numbers, Books XI and XII with solid geometry,
and Book XIII, probably an appendix, with golden section,
the construction of the five regular solids, and other matters.

Euclid also wrote a book on geometrical optics, and another
on geometrical astronomy.

Euclid was essentially a logician. 'That he has now been
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driven out of our schools may go far to explain why it is so
often said that the reasoning of the ordinary educated man
is much less rigorous than it was a generation or two ago.

schoolboy knows the various
stories about Archimedes—his excitement on discovering,
when having a bath,the clue to solving the problem of the
king’s crown; his invention of ‘ burning-glasses > by which
he is supposed to have set fire to the Roman fleet; his death,
when busy with a geometrical problem, at the hands of a
Roman soldier. The record of his life, so far as it 1s known,
is of absorbing interest (Portra’t, Plate 3).

Which is the greatest mathematician that the world has
hitherto produced, Archimedes or Newton? Opinion is
perhaps about equally divided. Here is a list of Archimedes’
writings:

1. Geometry:
(1) Mensuration of the circle.
(2) Quadrature of the parabola.
(3) Spirals.
(4) The sphere and the cylinder (2 books).
(5) Conoids and spheroids.
(6) The semi-regular polyhedra.
(7) Various problems: for instance, ‘‘ the shoemaker’s
knife .
2. Arithmetic:
The Sand reckoner.

3. Statics, Hydrostatics, &c.:
(1) Equilibrium: levers, balances, centres of gravity,
(2) Floating bodies.
(3) Qatoptrica (an optical work).

By far the greater part of these writings represents Archi-
medes’ own original work. He differs from Euclid and
Apollonius whose work consisted largely in systematizing

and geqerahzmg the methods and the results obtained by

earlier geometricians. Archimedes’ objective was always

e e e s

something new.
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Not only was Archimedes a great mathematician but he
was in an eminent degree a practical man as well. There is
little doubt that he usually obtained a clue to the solution of
a new mathematical problem by adopting some practical
device. For instance, to determine the area of a curved
figure he would cut out the figure from some easily manage-
able material (paper, metal plate) and «weigh it against some
rectilinear figure (square, rectangle) cut from the same
material and easily measured up.i So with volumes: for
instance, a sphere, and a cylinder 6f the same diameter and
height as the sphere, might be cut from the same piece of
wood, and the weights of the two compared. But once he
had obtained an approximate result this way, he would set
to work anew, and devise a method which would yield an
exact result and which could be rigorously proved.

It should be noted that, in his
B C demonstrations, Archimedes did
not use ‘‘infinitesimals’. Like
Eudoxus and Euclid, he took to
: heart the lesson to be learnt from
A Zeno’s paradoxes. Apparently Ar-
chimedes considered infinitesimals
sufficiently scientific to suggest the
solutions of propositions, but not
to furnish rigorous proofs.

We will illustrate his work by
reference to two problems: (i) the determination of =, (i1) the
quadrature of the parabola.

The determination of m.—Figure 11 shows a circle with
inscribed and circumscribed squares, the sides of the latter
being drawn as tangents at the angular points of the former.
It is easily proved that the length of the arc AC is greater
than the chord AC but less than the sum of the two tangents
AB and CB. It therefore follows that the length of the cir-
cumference of the circle is greater than the perimeter of the
inscribed square but Jess than the perimeter of the circum-
scribed square. The perimeters of the two squares are easily

Fig. 11
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measured, and thus we obtain a very rough approximation
to the length of the circumference of the circle.

If instead of using squares we use regular polygons
having a large number of sides, the perimeters will much
more closely approximate to the length of the circumference.
If, for instance, the diameter of the circle 1s 17, the length of
the perimeter of the,outer polygon is 3-1417", and that of
.the inner polygon is 3-1413"; since these two lengths agree
to the third decimal place, the value 3:141 must indicate the
length of the circumference of the circle to that degree of
approximation.  Obviously, by increasing the number of
sides of the polygon, and so exhausting more and more the
differences between their perimeters and the circumference
of the circles, we obtain a value of 7 to any degree of approxi-
mation we please. 'This was Archimedes’ method. He
calculated the perimeters of polygons g6 sides, and he found
7 lies between 2524 and 27276, 'The reader may convert
these fracticns into decimals for himself, and compare the
values. *

Observe Archimedes’ caution: he did not say that the
circumference 1s the lmiting form of the two polygons; he
said merely that the polygons can be made to approach the
curve as nearly as we please.

Euclid (and probably Eudoxus) had also used the method
of exhaustion, but had used inscribed figures only. Archi-
med ethod leads.to a proof pof much greater rigour.

;9( uadratu;i o thzc? 7a£¢{bola —The parabola i1s, of
course, an indefinitely extending curve. Let PQ be any
chord. It is required to find the area of the segment QSP.

Let M be the middle point of the chord and draw MS
parallel to the axis of the parabola. It is a well-known pro-
perty of the curve that the grcatest perpendicular from any
point on the curve to the chord is the perpendicular from S,
and this property is the kéy to Archimedes’ solution (fig. 12).

In the two small segments bounded by the chords SQ
and SP, draw triangles STQ and SUP exactly as the first
triangle was drawn, viz. by bisecting the chords at N and R
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and drawing parallels NT and RU to the axis. Archimedes
proved that each of these two triangles T'SQ and USP is
equal to § of the triangle SPQ, or together are equal to {.

Again, in each of the four small segments bounded by
the chords QT, TS, SU, and UP, we may inscribe triangles,
exactly as before, and so we can proceed indefinitely, ex-
hausting to a greater and greater degreg the area of the main
segment QSP. ‘The ratio } holds good always. Thus the
area of the parabolic segment approximates to the area
determined by the sum of the following series:

(let the first triangle SPQ be denoted by A)
A+ +@+@°+. . )
Q

Fig. 12

This sum approximates ever and ever nearer to $A and
thus it is easy to establish formally that the area of the para-
bola is % that of the ASPQ, or £ that of the rectangle with
base PQ and altitude the distance of S from PQ.
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Only the mathematical reader is likely to appreciate the
wonderful resourcefulness of Archimedes, some of whose
works he is advised to read. We shall return to him again.

Archimedes established those principles of geometry
that depend on measurements. 'The method of exhaustions
which he used does not differ in principle from the method
of limits as used by Newton.

- The calculus was the natural sequel to Archimedes’
work. ),

Apollonius is chiefly celebrated for having introduced
a systematic treatise on the conic sections. He did the work
so well that he left little for his successors to add. 'The
treatise contains about 400 propositions. It was Apollonius'
who introduced the names ellipse, parabola, and hyperbola.

Apollonius was the last of the famous Alexandrian mathe-
maticians. Together, Archimedes and Apollonius accom-
plished whatever was possible without the resources of
analytical geometry and of the calculus. The world now had
to wait for Descartes and Newton.

4
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CHAPTER VIII

Greek Astronomy

The modern astronomer is not greatly interested in dur
little solar system. He rambles about the whole stellar uni-
verse, and even that he is making ¢ expand ”’ at a prodigiously
rapid rate. But our solar system is not such a puny thing
after all. An airman is now able to travel two hundred miles
an hour. If he could keep up this speed (it is nearly five
thousand miles a day) and, without stopping, travel straight
to the sun, the journey would take him well over fifty years.
Astronomically to the Greeks, the solar system—the * cen-
tral ” earth, the revolving sun, the moon, and the five known
planets—meant practically everything. The stars were simply
jewelled points of brilliant light, set in an outer sphere, quite
close neighbours of the members of the solar system. Little
did the Greeks dream that even the nearest star of all is so far
away that the five-thousand-miles-a-day airman would take
ten million years to cover the distance. Such a vast distance
(in miles it is twenty-four billion) is beyond the comprehen-
sion of the ordinary man in the street, but to the modern
astronomer it is the veriest bagatelle.

The Babylonians were astronomical observers and re-
corders. '[he Greeks saw, or thought they saw, the various
celestial bodies in a state of motion, a motion with an obvious
regularity of some kind despite many puzzling irregularities.
Their great question was, How does the machine work?

Before the reader smiles at some of the early conjectures
of the Greeks, let him examine his own first-hand knowledge
of astronomy. Let him write down all he knows from his

own observations of the sun, the moon, the stars, and (if he
68
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can find them) the planets. How from these observations
does ke make the machine work? Doubtless he was told
when a boy at school that the moon travels round the earth
and the earth round the sun. Did he accept that statement
unquestioned, or did he make himself a nuisance (as he would
have been justified in doing) and press his teacher to prove
that the moon and earth thus moved? Let him walk in a big
circle slowly round a tree in a field, and let him instruct a
boy to,walk round him continuously in small circles as he
himself walks round the big one. The boy may leave a trace
of his path by dropping bits of paper on the ground, or, if
the experiment is tried after a fall of snow, the boy’s path
may be seen plainly in the snow. The path is a continuous
series of loops. Now does the reader honestly believe from
his own observations that, if the moon could leave behind it
in the sky a fiery track that we could see, its path in space
would appear to be really looped? If he does, he is getting
on.

It is instructive to note the progress of the Grecks, century
after century, in the conjectures they put forward to explain
the movements of the heavenly bodies.

Thales believed the earth to be a disc floating in water.
What is there irrational in that? The hypothesis squared
with all the facts he knew. But his pupil Anaximander
shrank from the idea that the earth required support to keep
it in its place; he believed the earth to be balanced in the
centre of the universe, not tending, therefore, to fall in one
direction rather than in another. Another pupil of Thales,
Anaximines, conceived the stars to be fixed in a crystal
sphere as in a rigid frame. Since the stars all appear to
preserve their relative positions, surely this was a perfectly
rational conjecture. Pythagoras regarded the universe as
a sphere rotating about an axis passing through the centre
of the earth, the earth remaining at rest—a simple hypothesis
admirably explaining things as they appeared to the eye.

So much for the Ionians and Pythagoreans. When we
come to Athens we find Anaxagoras (c. 460 B.c.) of Clazo-
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menz correctly stating the fact that the moon does not shine by
her own light but by that of the sun. It was about this time
that the more obvious irregularities of the planetary motions
began to attract attention, and Eudoxus (407-355 B.C.),
wrote a treatise on astronomy in which he put forward the
hypothesis of a number of concentric spheres having their
common centre at the centre of the eartk. By their combined
motions, one inside the other, and revolving about different
axes, each sphere revolving on its own account but also being
carried round bodily by the revolution of the next spherc
encircling it, Eudoxus was able to explain all the various
motions of the planets as actually observed, especially their
apparent stationary points and retrogressions. The hypo-
thesis was one of great mathematical ingenuity. Heraclides
(388-315 B.C.), a pupil of Plato, put forward the then startling
hypothesis that the earth is not at rest but rotates on its
axis once in twenty-four hours. (Is the reader convinced—-
convinced—that the earth so rotates?’) Aristarchus (310-
250 B.C.) (we have now come to a really great astronomer—
he belonged to the Alexandrian School) accepted Heraclides’
views about the rotation of the earth, and put forward the
still more startling hypothesis that not the earth but the sun
is the central body of the solar system, and that the earth and
the other planets revolve round it. Thus he actually antici-
pated Copernicus who lived nearly two thousand years later,
but neither his contemporaries nor his famous successors
Hipparchus and Ptolemy would accept the hypothesis. Aris-
tarchus also estimated the sizes and distances of the sun
and moon, but the results were only rough approximations.
Eratosthenes (276-194 B.C.), librarian at Alexandria, and the
inventor of the sieve for winnowing prime numbers, measured
the diameter of the earth and determined the obliquity of the
ecliptic.

But the greatest astronomer of antiquity was Hipparchus
(c. 160 B.c.). Here is a list of some of his achievements:

1. He determined the length of the year to within six minutes
of its true value.
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2. He estimated the inclination of the ecliptic to the equator
to be 23° 51'; actually at that time it was 23° 46’

3. He estimated the annual precession of the equinoxes to be
59”'; actually it is 50:2".

4. He estimated .the lunar parallax to be 57, which is nearly
correct.

5. He estimated the excentricity of the solar orbit to be 3s;
it is approximitely 3.

6. He calculated the extent of the shifting of the plane of the
'moon’s motion.

7. He obtained the synodic periods of the five planets then
known.

8. He gave the correct interpretation of the precession of the
equinoxes (this was really the inspiration of genius).

He did many other things as well, and his work placed the
subject of astronomy for the first time on a scientific basis.

In attempting to deal with the motions of the planets,
as he had done with the motions of the sun and moon, he
was baffled; the available data were insufficient, and he began
a series of planetary observations, to enable his successors
to account for the motions. He predicted it would be neces-
sary to introduce epicycles, but he refrained from putting
forward a complete hypothesis. This caution reveals the
true man of science. Had Hipparchus adopted the helio-
centric theory put forward by Aristarchus, it is not improbable
that he would have solved the whole problem; he would
certainly have anticipated Copernicus. But he did not think
the available facts justified Aristarchus’s theory. He was a
very great but a'very cautious investigator.

The last well-known astronomer of antiquity, Ptolemy,
appeared about three hundred years later (fl. A.D. 140).
Naked-eye astronomy naturally still held the field: at that
time a telescope was never dreamed of, and Ptolemy’s form
of theodolite for angle measuring might well have been made
by any ordinary mechanic. He produced a treatise on astro-
nomy usually known as the Almagest in which was presented
for the first time the whole of the astronomical science then
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developed. He himself did not carry the subject forward to
any appreciable extent. Ptolemy maintained the geocentric
theory of Hipparchus, and his system, the * Ptolemaic
system ”’, was accepted, unquestioned, until it was over-
thrown by Copernicus some 1400 years later. He elaborated
a theory of epicycles to account for the motion of the planets,
thus fulfilling the prediction of Hipparckus. The scheme he
put forward was so far satisfactory that he was able to pre-
pare tables of the movements of the sun, moon, and planets,
to a close degree of approximation. It is difficult to under-
stand why Ptolemy did not adopt the hypothesis of Aristar-
chus that the sun and not the earth was the centre of the
solar system. The epicycles with all their complications
would then have disappeared, and simple circles would have
taken their place. His system was a mere representation of
motions as observed from the earth which he assumed to be
fixed.

With Ptolemy’s death all astronomical progress ceased.

Hipparchus’s discovery that the planetary hypothesis he
had received from his predecessors would not stand the
test of known facts, and yet his consequent decision not to
put forward a fresh hypothesis but to begin the accumulation
of new facts which he knew could never be used by himself,
ought to prove a lesson to modern investigators. Had he
put forward a fresh hypothesis, he would have added greatly
to his reputation amongst his contemporaries, but he was
utterly indifferent to a great reputation; he wanted to know.
‘This was the spirit that so strongly animated the ancient
Grecks.

The reader will not find it difficult to understand how
the Greeks came to stumble so badly over their hypothesis of
planetary epicycles. In the first place, they could not bring
themselves to believe that the earth was not the head-quarters
of the solar system, with the sun, moon, and planets all revol-
ving round it. Was not the earth obviously at rest, and were
not all the other bodies actually seen to be in motion? In the
second place, the planets sometimes seemed to stop, then
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travel for a short distance backwards, then go forward again.
How was this curious movement to be explained?

Let a pencil be stuck at right angles to the edge of a disc
(a common bread-board will do) and let the disc be rolled
on its edge along the end of the table which has been pushed
up against the wall; the pencil will describe on the wall an
epicycloidal path. New let a cardboard disc 3” or 4" greater
in diameter than the bread-board be fastened centrally to the
latter, apd let the pencil be stuck at right angles to the edge
of the cardboard. If the bread-board be now rolled along the
table as before, the table being
kept far enough away from the
wall for the projecting edge of
the cardboard to be below the
table level, the pencil will trace
out a looped epicycle on the
wall. If, now, instead of the
table a large cylinder (a garden
roller would do if there is
nothing else available) can be
used, with 1its circular end
parallel to and nearly touching
the wall, and the compound
disc rolled round it as it was rolled along the horizontal
table, the kind of closed curve shown in fig. 13 results. It
is a closed chain of epicycles, and it exactly represents what
the Greeks thought to be the path of each planet as it
revolved round the earth. We now know the planetary
orbits to be a series of concentric circles (not quite concentric,
not guite circles) round the sun; not as the Greeks believed,
a series of concentric epicyclic chains, round the earth.

What was the justification for the Greek idea?

Mark out a circle, say 100 yards in diameter, on some
large piece of level land (a large field would do), and instruct
a boy to walk round this circle on a dark night, carrying a
bright light, preferably on his head so that it may be seen
whichever way he is facing. Now stand back several hundred

Fig. 13
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yards and watch the moving light; the night being dark, the
boy himself cannot be seen. The light appears to move first
(say) to the left, then to remain momentarily still, then to
move to the right, then to remain momentarily still again,
and so on, backwards and forwards like a pendulum. You
know it is moving in a circle; it appears to be moving in a
straight line. If you can make your, observations from a
church tower or from the top of a house or other building,
you may be able to see that what appeared to be a straight
line now opens out into a flat loop. Only when you are in

Fig. 14

the same plane as the light will the movement appear to be
in a straight line.

Now if you note the position of a planet, say Mars or
Jupiter, every starlight night for several months as it makes
its way amongst the stars, you will find that while the path
it makes is, in general, in the same direction, periodically
there is a pause, then a backward movement, then another
pause, then a general forward movement again. Ancient
observers were well aware of this fact: what was the explana-
tion? They could not bring themselves to believe that a
planet could suddenly halt, and then move on again. More-
over, they observed that the path during the retrograde
movement and the next forward movement sometimes com-
posed a loop, and thus the idea of an epicyclic movement

was born.
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In Whitaker the reader will find the Declination and
Right Ascension (a sort of latitude and longitude) of the
various planets for every fifth day of' the year. With some
small help from an astronomical friend, he might take a
star map and plot out the path of a selected planet for himself.
The apparently epicyclic nature of the path will then be

Fig. 15

obvious. He is less likely to be successful if he tries to
plot the path from actual observations at night. Figure 14
shows Saturn’s apparent path for four years (1862-635), as
plotted by Proctor.

The diagram in fig. 15 shows the sun in the centre, a small
circle denoting the earth’s orbit with the earth in eight suc-
cessive positions, o to 7, during the year, and a larger circle
denoting the orbit of one of the superior planets, with the
planet in successive positions, o to 7, corresponding, in time,

to the successive positions of the earth. As the earth moves
(:700) 4
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round in its orbit, the planet is seen, of course, in or near
the ecliptic, in the background of the sky, in the successive
directions indicated by the straight line drawn through
EPo, E,P,, E,P,, &c. Although the general apparent direc-
tion of the planet in the ecliptic is the same as in its actual
orbit, an observer on the moving earth seems to detect a
backward movement from 3 to 5, as moye clearly indicated
in the supplementary dotted path. (For simplicity, the three
bodies are assumed to be in the same plane, hence loops do
not appear.) This is merely the effect of relative motion.
If we could watch the moving planets from the central sun,
we should see them moving in circles; but we have to watch
them from the moving earth and so we see the looped retro-
grade movements, to explain which we substitute epicycles
for circles.

If we were travelling in a train which ran so smoothly
that we could not feel its motion, ‘it would be impossible to
tell whether the train was moving or whether the landscape
was moving. We might'ﬂb\?g&ve from the moving train that,
for instance, the furrows of % ploughed field are apparently
curving although we know them to be straight. We might
observe more distant objects apparently travelling with the
train as compared with nearer objects apparently travelling
in the opposite direction. The apparently opposite motions
apply to any two observed objects which are at different
distances from the train; we judge their relative motion by
referring them both to the more distant background. A bal-
loonist cannot tell that he is moving at all: the only movement
he is conscious of is that of the apparently moving landscape
below.

The Greeks could not bring themselves to believe that
the earth was a planet moving as the other planets did. They
described the planetary movements correctly as they saw
them. Not knowing that the earth moved, they unconsciously
imposed its motion on the other planetary paths and turned
circles into epicycles.

Later on, Copernicus adopted Aristarchus’s suggestion
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and made the sun the centre of the system. The planetary
paths thus became simple circles (or rather ellipses) and the
old complicated epicycles passed away.

But can we even now be sure that the sun should be
given priority and that it does not revolve round the earth in
company with the other planets, as the Greeks thought it did?
How can we be surey since we are dealing with relative motions?
Well, consider one of the consequences of the contrary
assumption. The volume of the sun is a million times that
of the earth. If the huge sun moves round the tiny earth in
twenty-four hours, it has to travel about 300,000,000 miles
in that time (the distance and size of the sun are easily
measured). The rate is about a million miles in five minutes.
Probability is enormously against such an interpretation of
the relative motions of the earth and the sun. But the main
reason for our rejection of Ptolemaic geocentric hypothesis
is that the alternative heliocentric hypothesis is geometrically
so much simpler.

Still, it is only an hypothesis. Of course we are all apt
to think it is sober fact. But we really do not know.

Books FOR REFERENCE:
1. Histoire d’ Astronomie, Delambre.
2. History of Astronomy, W. W. Bryant.,
3. History of the Planetary System, J. L. E. Dreyer.
4. The Legacy of Greece, article on Mathematics and Astronomy.



CHAPTER IX

Greek Biology

The outstanding figure in this department of Greek
science was Aristotle who, however, was a much keener
student of animals than of plants (Portrait, Plate 3).

Though a distinguished zoologist, zoology was but one
of many subjects of which he was master. In the matter of
mere attainments he ranks easily first of all Greek scholars,
even though he turned away from mathematics. But his
training as a dialectician was a disadvantage to him as an
investigator, for he was led to depend too much on formal
reasoning, to accept words at their face value, to accept
evidence without cross-examination, to be careless in the
matter of verification. The method he faught was sound
enough but, singularly enough, he did not always apply it
in his own investigations.

Unlike most of the Greeks, Aristotlc was a born naturalist.
He was much more than a casual rambler about the field,
the wood, and the seashore; he systematized the facts he
accumulated. In short, he established a branch of science,
and caused it to take rank side by side with astronomy and
mathematics as departments of the general field of organized
knowledge known up to that time as philosophy. He explains
his purpose thus (we quote from Professor D’Arcy W. Thomp-
son): “ The glory doubtless of the heavenly bodies fills us
with more delight than the contemplation of these lowly
things; for the sun and stars are born not, neither do they
decay, but are eternal and divine. But the heavens are high

and afar off, and of celestial things the knowledge that our
68
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senses give us is scanty and dim. The living creatures, on
the other hand, are at our door, and if we so desire it, we
may gain ample and certain knowledge of each and all. We
take pleasure in the beauty of a statue; shall not then the
living fill us with delight; and all the more if in the spirit of
philosophy we search for causes and recognize the evidence
of design? Then will nature’s purpose and the deep-seated
laws be everywhere revealed, all tending in her multitudinous
work o one form or another of the Beautiful.”

There was a wealth of known natural history before
Aristotle’s time, but it was that of the farmer, the woodsman,
the huntsman, the fisherman. The knowledge was, however,
unorganized. Aristotle did for it what the Pythagoreans had
done for mathematics a century or two before: he made it a
science.

What new facts of zoology Aristotle actually discovered,
we do not know, but his knowledge of animals was certainly
profound. His minute and accurate descriptions have always
been the despair of young naturalists. Readers should dip
into the Historia Animalium for themselves, and see what
Aristotle has to say about, e.g. crustaceans, molluscs, and
insects. There secms to be nothing more to find out about
such a thing, c.g. as the cuttlefish, for apparently Aristotle
discovered and told us everything that is to be known.

" Aristotle was a great logician, and he discusses the prin-
ciples of classification with great rigour. But he made no
attempt at a logical classification of animals. He classified
animals as he found them, pronouncing a logical dichotomy
for every difference that presented itself; thus air breathers
and water breathers would be divided, so would wild animals
and tame animals, social and solitary animals. But he had
a quick eye for the great natural groups.

All down the ages Aristotle’s influence has been enormous,
not so much in the department of zoology—that was almost a
trifle in his vast store of learning—as in his methods, his teach-
ing, his outlook, and his philosophy. At one of our oldest
universities his influence is very great still. He made many
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errors, some of them stupid and entirely unforgivable. But
these were completely dwarfed by the great body of know-
ledge and positive truth with which he provided us.

His pupil Theophrastus did for botany what he himself
did for zoology. What Theophrastus owes to his master is
uncertain (Aristotle’s own book on plants is lost), but as an
observer of nature he was unquestionably in the front rank.
Parts of his Historia Plantarum are well worth reading. About
the germination of seeds, for instance, he tells us simply
everything that can be told from naked-eye observation, and
until the invention of the microscope, no further facts were
discovered. A particularly instructive feature of Theo-
phrastus’s description of germinating seeds is the distinction
he points out between monocotyledons and dicotyledons,
more especially the relation of root and shoot. In the former,
root and shoot are represented as emerging from the same
point in the seeds: in the latter, from opposite poles (Portrait,

Plate 3).
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CHAPTER X

Greek Medicine

In the systems of medicine practised by the Babylonians
and the Egyptians, a great deal was based on some theory of
disease which fitted in with the larger theory of the nature of
evil. The commonest theory was the demonic, the view that
regards deviation from the normal state of health as due
either to the attacks of supernatural beings or to their actual
entry into the body of the sufferer. Inevitably, therefore, the
Greeks inherited a variety of systems of non-rational medicine,
but to them belongs the distinction of throwing aside ancestral
traditions and of introducing and practising a system based
on their own observation of accumulated facts.

The earliest Greek medical schools we know anything
about were those established in the outlying colonies, east-
wards those at Cnidus and Cos on the shores of Asia Minor
about the sixth century B.c., westwards those at Croton in
south Italy, and Agrigentum in Sicily about the same time.
The Cnidus School stressed diagnosis, and the Coan School,
prognosis. Empedocles of Agrigentum (500-430 B.C.) put
forward views concerning the function of the heart and
lungs. Alcmeeon of Croton (c. 500 B.C.), a pupil of Pytha-
goras, practised dissection of animals, and he discovered the
optic nerves and the Eustachian tubes.

But the * Father” and by far the most distinguished
representative of Greek medicine was Hippocrates (c. 460~
¢. 377 B.C.), who was born at Cos and practised in various
places including Athens. The * Hippocratic Corpus ” is a

collection of sixty or seventy separate works, some written by
71
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Hippocrates himself, others by members of his school, from
which we learn much about the practice of Greek medicine
during the earlier days of the Golden Age of Greece.

Hippocrates had to begin almost at the beginning. Some-
thing he did inherit from the carlier Greek schools, but not
much, and even that was probably tainted by quackery and
by prevailing quixotic notions in whicha it was utterly im-
possible to trace the relations of cause and effect. Hippocrates
set to work to collect facts; never was there a more patient
observer. His method was essentially a matter of induction.
He was always sceptical of the unverifiable.

But it must be remembered that it was not until the days
of the Alexandrian School that anatomy and physiology, the
basis of our modern system, became the fundamental subjects
of instruction. In these earlier days, the physician had to
depend very largely on his examination of the exterior of the
body. Still, some advance was made in surgery, e.g. the
chest was opened for the condition of empyema, and a frac-
tured skull was sometimes treated by trephining.

From the clinical point of view, perhaps the most inter-
esting feature of the Hippocratic Collection is the description
of cases. They are models, even for the present-day practi-
tioner, of what such records should be. Here is one, presum-
ably a case of diphtheria:

“The woman with quinsy, Aristion’s lodger: her com-
plaint began in the tongue; voice inarticulate; tongue red
and parched. First day, shivered, then became heated.
Third day, rigor, acute fever; reddish and hard swelling on
both sides of neck and chest; extremities cold and livid;
respiration elevated; drink returned by the nose; could not
swallow; alvine and urinary discharges suppressed. Fourth
day, all symptoms exacerbated. Fifth day, she died.” The
record includes all necessary facts, clearly stated, without
a single superfluous word.

Another noteworthy record in the Collection are the
minute directions for surgical operations: the preparation of
the room, the management of the light, the scrupulous clean-
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liness of the hands, the care and the use of the instruments,
the decencies to be observed, the general method of bandaging,
the use and abuse of splints, the placing of the patient: it all
sounds like a lecture to present-day medical students.

Still another interesting feature of the treatise are the
useful medical aphorisms: e.g.

1. For extreme dis®ases, extreme methods of cure.

2. In disease, sleep that is laborious is a deadly symptom; but
sif sleep relieves it is not deadly.

3. Sleep that puts an end to delirium is a good symptom.

4. If a convalescent eats well, but does not put on flesh, it is a
bad symptom.

5. Food or drink which is a little less good but more palatable
is to be preferred to such as is better but less palatable.

6. The old generally have fewer complaints than the young,
but those chronic diseases which do befall them rarely
leave them.

7. Spasm supervening on a wound is fatal.

8. A convulsion or hiccup supervening on a copious discharge
of blood is bad.

What modern practitioner has not embodied all such aphor-
isms in his daily practice?

The keynote of the Hippocratic treatment of disease was
simplicity. After rest and quiet, the main factor was dietetics.
Then came baths, warm and cold suffusions, massage, and
gentle exercise. Drugs were few and not much used.
Consider the wisdom of it all, in the light of modern practice.

When it is borne in mind that practitioners of the Hippo-
cratic school had had no training in dissection or in experi-
mental physiology, it seems remarkable that they acquired
so much knowledge of the cause and origin of disease. The
knowledge was all gained from observed facts by a process
of scientific induction. Very few advances were made on
their diagnosis, their prognosis, and their therapeutics,
until the nineteenth century.

Hippocrates was to Greek medicine what Archimedes was

to Greek mathematics and Hipparchus to Greek astronomy.
(E 709) e
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A century or two later the centre of medical interest is
transferred to Alexandria; Athens fades into the background.

At Alexandria a great medical library was collected, and
medical science made many new advances. Anatomy made
a great leap forward. Herophilus (c. 300 B.c.) gave a
detailed account of the brain and nervous system. Erasis-
tratus (c. 29o B.c.) described correctly the action of the
epiglottis, made detailed dissections of the heart, and dis-
tinguished between the motor and the sensory neryes; his
attitude was dcfinitely experimental.

The advances in anatomy naturally led to increased
surgical efficiency at the Alexandrian School. Medical
training became definitely organized, though no state diploma
was introduced. General medical progress was maintained
for three or four centuries though no names of great investi-
gators are on record. Celsus (first century A.D.) wrote a
treatise which probably represents the best Alexandrian
medical practice.

Some hundred and fifty years later we read of Galen
(c. A.D. 130-200), a Greck physician of Pergamos in Asia
Minor who eventually set up a practice in Rome. He was
honest, industrious, contentious, efficient, learned. He left
behind him twenty-two big volumes of medical lore—
anatomy, physiology, pathology, therapeutics, clinical
medicine, and surgery. The great mass of writings not only
tended to overshadow all the earlier Greek records but also
tended to dominate medical schools for many centuries, in
fact right down to the Renaissance. But Galen must not be
ranked with Hippocrates who, as a man of science, was a
man of far greater distinction.

(Portrait of Hippocrates, Plate 3).
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CHAPTER XI

Greek Physical Science

It is a remarkable fact that physics and chemistry found
scarcely any place in the science of ancient Greece. In the
world of to-day, physics and chemistry, mechanics and
engineering, enter into almost every department of life; but,
in Greece, mathematics sat enthroned, isolated and alone, for
a thousand years, from the time she was born in Ionia to the
time of her decay in Alexandria. All branches of applied
mathematics, with the exception of astronomy, remained un-
developed.

Why this curious limitation? Partly no doubt because the
Greeks had no aptitude for experiments, but mainly because
they had been systematically trained to place their confidence
in deductive reasoning. ‘‘ On the high @ priori road ” they
felt themselves saf