UNIVERSAL
LIBRARY

OuU_168740

AdVvVddl T
TVSHIAINN






OSMANIA UNIVERSITY LIBRARY
CallNo. S 07 ;/ S Accession No }? 7 3/

Author ?Z’y
Title / /. o k/ rede h{ -
on

This book should be returne or before the daté last marked below.






SCIENCE PAST AND PRESENT



Author of

THE WORLD OF SCIENCE
A SHORT HISTORY OF SCIENCE
A CENTURY OF SCIENCE
INORGANIC AND THEORETICAL CHEMISTRY
ORGANIC CHEMISTRY



SCIENCE
PAST AND PRESENT

by

F. SHERWOOD TAYLOR
Ph.D., M.A., B.Sc.

>4

WILLIAM HEINEMANN LTD
MELBOURNE :: LONDON :: TORONTO




FIRST PUBLISHED NOVEMBER 1945
REPRINTED DECEMBER 1945
NEW EDITION 1049

PUBLISHED BY
WILLIAM HEINEMANN LTD
99 GREAT RUSSELL STREET, LONDON, W.C.1
PRINTED IN GREAT BRITAIN BY THE PUBLISHERS AT
THE WINDMILL PRESS, KINGSWQOD, SURREY



PREFACE TO THE SECOND EDITION

The present Edition of this work has been augmented by
several new extracts, and by five new chapters, concerned with
the history of chemistry and modern developments in physics.
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of Professor B. G. Gunn in obtaining the photograph which
appears as Pl. I, and to Dr. Hugh M. Raven for the photo-
graphs reproduced as Pl. XXII. My thanks are also due to
the Editors of The Lancet and the British Medical Journal; to
the Liverpool University Press, to the Clarendon Press, to the
University of Chicago Press, to the Princeton University Press,
to Messrs. J. M. Dent and Sons, and to Messrs. T. Werner
Laurie, for permission to reproduce extracts from their publica-
tions, the titles and authors of which are acknowledged at the
foot of the extracts in question.
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MUSEUM OF THE HISTORY OF SCIENCE,
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CHAPTER ONE

The Study of the History of Science

The Importance of Science

It is not, perhaps, too much to say that Natural Science is
the principal cause of human society being such as it is to day.
The very existence of perhaps two-thirds of the population of
the world has been made possible by the application of science
to the growing of food and the elimination of disease. The
expectation of life has been multiplied by a factor of per-
haps scven or cight in the last four centuries and this alone
has altered the orientation of human thought. We do not
expect to die young, and so we think more of how we shall
live than how we may die. The external circumstances of our
daily lives are almost wholly dependent upon science and
there is scarccly anything in the modern home that has not
been made by processes whose principles involve the scientific
advances of recent years. Communications and transport have
become so rapid as to bind the nations into an external in-
timacy in which they are very ill at ease. Power has been
placed in man’s hands by which he can work his will with
unprecedented speed, and science has done nothing to prepare
him ethically for its use. It is indeed transparently obvious
that science has transformed the external world which man
inhabits and uses: but it is also true that it has less dircctly
transformed man’s way of thinking. His approach to the age-
old problems of his origin, his nature, his conduct and his
destiny tend to day to be scientific, which means that he looks
for guidance more and more to that which can be stated as
matters of scientifically observed fact, and less and less to the
ethical side of his nature, which cannot be stated in such
terms, but requires the usc of the verbs ‘ought’ or ‘should’,
which are unknown to science. The principal source of man’s
ethical and moral life has, throughout the ages, been religion,

I



2 THE STUDY OF THE HISTORY OF SCIENCE

and, as a matter of experience, religion has declined where
science has flourished—not necessarily, but from the failure of
men to think clearly concerning the nature of religion and
of science.

It is clear, then, that science has profoundly modified the
lives of men; and this fact and its circumstances are quite
cbviously among the most important subjects that must be
studied by the man who seeks to understand the world in
which he finds himself.

Every citizen is directly and vitally concerned with science;
for whether he know it or not, pure science has moulded his
philosophy of life, and applied scicnce has determined almost
the whole of his material surroundings, his chances of life or
death, poverty or affluence, freedom or slavery. Natural
science is by far the greatest movement in modern history,
and the most important factor to be taken into account in
political planning.

The Nature of Science

In the preceding paragraph science is not defined, and for
the historian it is not easy of definition, because through the
ages it has been growing into an ever more sharply-defined
entity. If we require a definition of science that shall be
applicable from the earliest period of civilisation to the present
time, we may say that Science, in its widest sense, is a systematic
method of describing and controlling the material world. This is an
activity which we find chronicled in those writings of the
Egyptians and Babylonians that we call ‘scientific’, and it is
the principal function of science to-day. Yet the activity to be
described was necessarily prior to the description, and the
roots of the activity that we call ‘science’ are in man’s first
dealings with the material world around him. A man who
has acquired a craft has in his head and hands the laws of the
behaviour of the material he works in, albeit unexpressed in
words or writing: he has to subdue himself to the conditions
that the material imposes and so he comes to establish a true
relationship with it, a relationship which will be verified in
the production of a satisfactory article. When certain crafts
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came to be studied by the learned and their methods recorded
in writing, then was the beginning of recorded science. The
progress from this beginning to the highly organised science of
to-day is the subject of this book. We shall sce how the practical
recipes and records of the Egyptians and Babylonians gave
place to the theoretical and philosophical science of the Greeks.
We shall see how this, after enlightening and dominating the
thought of the world for two thousand years, was rcjected by
the men of the seventeenth century, who divorced philosophy
fromscience, which theyrefounded ona mathematical and quan-
titative basis, which has persisted essentially to the present day.

The Historical Study of Science

Science can be understood in two ways. It can be seen as
it stands at any moment, as a logical coherent account of that
order which the scientist of the time finds in nature; and the
man who wishes to use science or to add to it can, in fact, get
on very well without knowing its history, as we can see
demonstrated in the persons of many scientists who are
eminent in their subject, but little acquainted with its past.

But science is not merely a coherent system, here and now;
it is also something that has grown and is growing, and that,
as it grows, progressively affects man’s life. Anything that
grows and develops can only be understood by studyingit
historically. An organism, a movement, a civilisation must be
studied in time; and in so far as we concern ourselves with
science as something in progress, and as something that brings
about changes in the institutions of mankind, so we must study
its history. The responsible citizen of the world must come to
an understanding of the way in which science influences and
will influence philosophy, religion, and the externals of living:
this he can accomplish only by noting the directions in which
science has been modifying these matters in the past, and
following those tendencies into the future.

The purpose of this book is then, to present the picture of
science as an actively growing organism, and to that cnd we
must return to the remotest beginnings of man’s relation
with nature.



CHAPTER TWO

The Beginnings of Science

Science and Crafts

The history of science, as we have seen, must begin with
the history of crafts, for these are the foundation and necessary
fore-runners of true science. Before architects and engincers
come carpenters and smiths, and before these the simple un-
specialised Man.

The beginnings of Man

The making of flint tools is the first known craft, which was
discovered by creatures of a different species from ourselves, a
million or so years ago, more or less. These carly man-like
creatures made rough flint weapons and worked bone and horn,
but we know almost nothing as to their mentality. Our own
species, homo sapiens, appeared perhaps some fifty thousand
years ago, and from the first showed evidence of high intelli-
gence. The first men had almost everything to learn: we do
not even know if they had wqrds by which to name and so to
classify what they saw and handled. They improved the making
of flint weapons; invented and brought to great perfection
pictorial art. No one has drawn a bison better than it was
drawn in the Altamira caves at the very beginning of the human
story. Such drawings imply close observation, the making or
collection of pigments, and also the use of fire and of lamps to
see by, for they are depicted on the walls of dark caves.

Neolithic Culture

As time went on men began to build huts and to make crude
pottery. Such cultures have existed in many different ages and
parts of the world, but that which developed into civilisation
and gave rise to science was in Egypt, where, perhaps about
5000 B.C. or even earlier, ther€ dwelt the most cultured men of

4



THE BEGINNINGS OF SCIENCE 5

that distant age. They had learnt to domesticate animals and
plants, and so were able to provide a securer supply of food
and settle down in small communities. Dogs, cattle, goats,
sheep and pigs were domesticated at least as early as the
neolithic period immediately preceding civilisation in the ncar
East: the ass probably somewhat later and the horse later still.
Agriculture dates from a period at least as early, for wheat
grains of a type showing much advance over the wild forms
have been found in tombs and settlements dating from
c. 3500 B.c. These men rapidly increased in skill. Their
flint-work was such as no one could imitate to-day: they made
stone vessels by grinding them out with emery; and although
they had not the potter’s wheel, yet they mads sound and
shapely pottery ornamented in black and red and white. They
had learnt to make cloth and mats and baskets, they built
simple huts to dwell in and travelled in boats with oars and
sails: they cven carved spirited representations of hunting and
crude statues of their gods.

They lacked however three very important things, metal,
writing, and a national organisation; and from the discovery
of these we may date civilisation.

The Beginning of Civiiisation

The very early history of civilisation is still largely unknown,
but at the present it appears that in the earliest times there
were at least three contemporary civilisations. First that of the
Nile Valley—the Egyptian; secondly, that of the Sumerians,
who transmitted their culture to the Pabylonians in Meso-
potamia and thence to the Assyrians; thirdly, a civilisation in
the Indus valley, of which as yet we know comparatively little.
All three civilisations seem to have developed about 4000~
3400 B.c. and to have had a similar level of culture.

Material culture and scientific study did not continue steadily
to advance throughout the thirty centuries in which the
Egyptian and Assyrian cultures continued to flourish. It seems,
on the contrary, that the first centuries of these civilisations
were the greatest: that their art and learning reached the highe:t
point before 2400 B.c. and thereafter were transmitted with no
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more than minor alterations, not always for the better. The
products of the Old Kingdom of Egypt, made in the years

following 3000 B.C., are artistically and technically equal or
superior to the later ones.

Science before 600 B.C.

What did these early civilisations contribute to science?

(1) The necessary means for discovering and recording
scientific fact; e.g. tools; vessels; materials of all kinds, and
especially the metals; writing, 'and writing-materials.

(2) The beginnings of medicine and surgery.

(3) The beginnings of astronomy, and a fairly satisfactory
calendar.

(4) The beginnings of mathematics.

This may not sound a great achicvement for three thousand
years of civilisation, but we have to remember, first, that
beginnings are very hard to make, and that each advance in
thought makes the next advance easier; secondly, that these
peoples very soon found a way of living which was reasonably
satisfactory to themselves, or at least to the learned caste, and
that there was therefore little incentive to discovery.

The Necessities of Life

In the first few centuries of their civilisation the Egyptians
invented a great many of the things which we no longer think
of as inventions. Greatest of these perhaps was the development
of tools, and the smelting of copper and bronze, which latter
metal is a mixture of copper and tin.

Copper came into use probably before 4000 B.c. Ores con-
taining copper carbonate or silicate are supposed to have been
mined in the Sinai peninsula, and these could be smelted simply
by burning them in charcoal-fires. The rough ingots so obtained
were forged into tools by the hammer, and these tools enabled
men greatly to improve their surroundings. With copper saws,
fed with sand or emery, they cut the hardest stoncs, which they
pounded and rubbed into shape and polished with infinite
labour, Early Egyptian carpenters used bronze axes, adzes,



(2) (3)
PrATE I
The development of the oldest craft—flint-working. The implements
shown are (1) an Eolith, typical of the dawn of human craftsmanship.
(2) a Palzohthic hand-axe, typical of the old Stone Age (perhaps
20,000-40,000 years old). (3) a Neolithic dagger, typical of the age
immediately preceding the general use of metals.



Prare IT

A map of the heavens from a ceiing n the temple of Hathor at
Dondera. It dates from about the 1lst century a.p , and combines
the 36 decan-stars (outermost circle) which mark out the 36 10-day
periods of the Egyptian year, with the Babyloman signs of the
Zodiae (nner aircle) and certain Egyptian constellations.
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saws, chisels, drills and knives: but arrowheads were still made
of flint, for metal was too scarce to throw away. Commerce
required balances and standard weights, as well as measures
of length and means of reckoning. The use of metals originated
what may have been the first specialised trade—that of the
smith. The tools he made for the carpenter, the stonemason,
and other makers of household goods, helped to elevate their
activities into skilled trades; and the appearance of skilled
tradesmen led in turn to more complex productions. The
organisation of villages into bigger units created a wealthy
class, which wanted better household furniture and equipment.
So were made the first chairs and tables, and the same demand
may have brought about the invention of the potter’s wheel.
Nobles and their ladies required beautiful jewellery; so the
desert sands were washed for gold, and gold-workers vied with
each other in the perfection of their wares. The rulers required
palaces, nobler temples and more splendid and permanent
tombs: these called for architecture and the beginnings of
geometry, mechanics and surveying.

Supreme among these monuments is the Great Pyramid, built

~
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Fic 1 —Transporting a gigantic stone figure. Note use of rollers,
levers and ropes—and unlimited man-power. (Neuburger, Technical
Aris and Sciences of the Ancients. By courtesy of Messrs. Methuen.)
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about 2800 B.C. as a king’s tomb, and perhaps as something
more. Its workmanship is incredible. Its sides, 254 yards long,
differ only by two-thirds of an inch, and its angles differ from
right angles by only a three-hundredth of a degree. Some of
its stones weigh 50 tons, yet their edges are straight to within
a hundredth of an inch and fit each other so that but a fiftieth
of an inch of mortar separates them. As far as we know they
were built simply by the concentration on this single task of
enormous quantitics of labour, skilled and unskilled. No more
elaborate mcans of erection than wedges, ropes, levers, rollers
and pulleys seem to have been employed. There are no pictures
of the building of the Fyramids, but representations of the
moving of colossal statues give us hints of how it was done.
It is obvious that the Great Pyramid was not the work only
of skilled labourers, but that architects, astronomers and
mathematicians must have designed it and supervised the work.
No written documents on these or other sciences have survived
from that ancient time, but we have reason to suppose that
some of the documents of a thousand years later are copies or
adaptations of what was written in the great time of Egyptian
discovery and achievement.

Writing

The invention of writing was one of the foundations of
science. As long as knowledge was handed on by word of mouth
from old to young, it had to remain comparatively scanty and
unreliable, marvellous as is the memory of those who cannot
rcad. Both the Egyptian and the Assyrian writings were
complicated systems employing many characters, and before
about 1000 B.c. they were the monopoly of learned scribes of
the priestly class; wherefore all learning and much else of im-
portance remainced in the control of the priesthood. The
Egyptian or Babylonian priest was not simply a ‘clergyman’;
but he was the man of lecarning and the man of God in one—a
common combination among primitive people. Thus archi-
tects, medical men, mathematicians, and even the supervisors
of metal-workers, were priests, and the temples were not only
‘churches’ but libraries, observatories and warkshops.
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The use of new materials

There was nothing that could strictly be called chemistry
in Egypt and Babylonia, but there were crafts which had to do
with materials, a great number of which were described and
named. The metallurgists used and named many kinds of ores,
and the common metals soon became available. Gold, being
found as the native metal, was discovered before the bezinning
of civilisation. Copper followed; silver and bronze came into
use a little later. Tin and lead were also known in early times;
brass, however, does not scem to have been known until the
Roman period. Iron comes into use from about 1500 B.C. but
is not a common metal until about 850 B.c. The Sumerians
and Babylonians were fine metal-workers. They also made
coloured glasses and enamecls, but transparent glass does not
occur before about 1500 B.c. The making of glass implies a
knowledge of alkalis and of the various metallic compounds
which can be used as colouring material. The beautiful
turquoise-blue Egyptian glaze is witness of a high technique,
for such delicate temperature-regulation is needed for its firing,
that only in recent years has it become possible to reproduce it.
The Egyptians and Babylonians, in addition to these materials,
record some hundreds of animal, vegetable and mineral pro-
ducts, which were employed as drugs. None the less they cannot
be said to have begun the science of chemistry, for we have no
record of any conjectures as to the manner in which these
materials were rclated to each other.

Egyptian and Babylonian Medicine

The demand of the sick to be healed has always far out-
stripped the powers of the healer. Throughout history two
methods have been employed, healing by mental means: magic,
spells, dream-interpretation, etc.; and healing by physical
means: drugs, baths, diet, manipulation, and the knife.

Frequently both were employed together, but it would seem
that the Babylonians and Assyrians excelled in spells, and the
Egyptians in physical medicine. It must not be thought that
mental healing is ineffective, for every doctor knows the power
of faith. Itis only when physical medicine and surgery become



10 THE BEGINNINGS OF SCIENCE

really efficient that mental healing is neglected; in ancient times
many of the drugs and procedures were, we may suppose, useless
and possibly harmful; and so the patient treated by spells was
often better off in the hands of nature than he who was treated
by drugs or manipulation.

Some very sound surgery was practised in Egypt, perhaps as
early as 3000~2500 B.c. The papyrus named after Edwin Smith,
of unknown authorship, written about 1500 B.c. but probably
derived from sources at least a thousand years older, gives pre-
cise and well-founded instructions for treating such fractures,
wounds and dislocations as could be treated successfully. In
Babylon an unsuccessful or negligent surgeon might lose his
hands, or at least be heavily fined, and the same may have
been true in Egypt. In any event, the papyrus carefully dis-
tinguishes ailments which may be treated, from those that are
likely to be fatal and should be left alone (p. 17). The Edwin
Smith papyrus is extremely practical and unlike most of the
documents of this time is quite free from superstition.

The medical papyri do not impress us so powerfully, but we
must remember that the assessment of the value of drugs is a
very difficult task; and, considering that a number of totally
useless drugs were still employed in the nineteenth century A.D.,
we must not expect too much of the sixteenth century s.c.

The Beginnings of Astronomy

Some knowledge of the heavenly lights is needed by even
the most primitive people; for they must reckon time, and their
only timekeepers are the sun, and moon, and stars, which
measure out the day, month, and year. The beauty and
glory of the sun and its effect on living nature, are such that
almost all races, the Egyptians and Babylonians included,
have identified it or associated it with a god: the moon and
planets, likewise, are commonly linked with spiritual powers.
Astronomy was therefore studied, both to provide a calendar,
and to predict natural and human events from the movements
of the celestial powers; this prediction we now call astrology,
but in early times this cannot be distinguished from astronomy.
The calendar was not only practical but religious, for yearly
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events such as seed-time and harvest are commonly associated
with religious festivals. In Egypt, where the whole of agricul-
ture turns upon the cardinal date of the rising of the Nile, the
prediction of this event from the positions of the stars was
obviously of the first importance.

We do not know how long it took to settle the outlines of the
calendar, that is to count the days in a month and the days and
months in a year. To do this it is necessary to mark the instants
at which the day, month, or year, begins and ends. Days could
be counted from noon to noon, this being the moment when the
shadow of a vertical stick is shortest. Months could be counted,
e.g. from the first appearance of the crescent moon till its next
first appearance, but this could only indicate the beginning
and end of the month to the nearest whole day. The year could
be reckoned from solstice to solstice. In winter the sun rises
further to the South of East each day, until mid-winter, when
its place of rising begins to return towards the North. The day
on which it reaches the most southerly point is the winter
solstice, and a year is the period from one solstice to the next.
The year could also be reckoned from equinox to equinox, this
being the day when the rising sun, the setting sun, and the
point of observation lie in one straight line. By counting great
numbers of days, months and years, and by dividing the number
of days by the number of months or years, the Egyptians and
Babylonians settled the year first as 360, then 365, and finally
as 365% days. The month was taken as 294 days, so they had
months of alternately 29 and 30 days, and the astronomers
thus contrived that full moon always came at the middle of
the month. Both the month and the year were correct to a few
minutes, but as 12 lunar months are only 354 days, every two
years or so an extra month was inserted into the year in order
to keep the same month at about the same time of the year.
The astronomers who regulated this and also made astrological
predictions for the King are “the astrologers, the stargazers,
the monthly prognosticators’ of Isaiah 47, 13.

The Egyptians deliberately made no allowance for the quarter
of a day over and above the 365 whole days which made up
this year, so every Egyptian year started a quarter of a day
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t00 soon, and their calendar was like a clock that gains. All
the fixed feasts gained on their true times and ran through all
the seasons in turn: and just as a clock that gains comes right
again in time, so after 1461 years, which they called a Sothis,
a feast which had been at, let us say, the spring equinox came
back to the spring cquinox again. It was an Egyptian astro-
nomer, Sosigenes, that advised Julius Casar in constructing
the Julian calendar in which the extra quarters of a day in four
successive years were gathered up and made an extra day of
leap-year, the last of the four.

The Egyptians or Babylonians divided the sky into the twelve
signs of the Zodiac, named most of the constellations, and dis-
covered all the five planets which were known bcfore the
eighteenth century. Astronomical records in Babylonia go back
to a very remote cra. There is cvidence of the recording of the
eclipse of March 8th 2283 B.c. which was belicved to presage
the fall of the city of Ur, and the beginnings of astronemy in
Mesopotamia can be dated as near 4000 B.c. From the reign
of Nabonassor (747 B.c.) up to about A.p. 100, the ‘Chaldaan’
astronomers kept continuous records of observation. It seems
that the older Babylonian astronomy was mainly astrological.
It was very important to them to be able to predict eclipses.
They recorded eclipses of the moon and sun for religious reasons,
and discovercd that they recurred at intervals of a Saros, about
18 years (223 lunations), so that they were able to predict them
moderately well. These cighteen-year cycles give all the times
when thce sun, moon and carth are in line, and it is only at these
times that an eclipse is possible: it often fails to take place at
these times because their orbits are not in the same plane. But
the astronomecrs did not mind predicting an cclipse that did
not in fact take place, for this meant that the gods had averted
the portent: they were, however, subject to censure and peril
if an eclipsc occurred which they had failed to predict. From
about 500 B.c. these astronomers acquired more accurate
methods than the use of the Saros; in fact their later predic-
tions could not have been made by the use of any cycle, how-
ever accurate. The later Chaldeans must have been able to
compute positions from the elements of motion, as do modern
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astronomers, and so accurately that their figures for the motions
of the Sun and Moon have only about three times the error of
the best astronomers of the cighteen-fiftics. We shall have more
to say of this work apropos of Greek astronomy.

At night, time could be mcasured by the stars, which move
through one sign of the Zodiac in two hours: in the day, time
was reckoned by the sundial. The Babylonians probably in-
vented this—in the form of a vertical stick casting a shadow:
they also measured time by water-clocks, vessels from which
water slowly lcaked away and in which the water-level marked
the hour. These are inaccurate because the viscosity and sur-
face-tension of the water, which dectermine the rate of flow, vary
with its temperature; but they remained the only timckeepers
indcpendent of the heavens until ¢. A.D. 1250, when the first
mecchanical clocks secem to have been invented: sand-glasses
did not come in until the fiftcenth century. Indeed, no clock
that was more accurate than a sundial was available until the
second half of the seventeenth century.

The beginning of Mathematics

We may suppose that counting began long before civilisation,
but we have no reason to suppose that arithmetic existed before
the Old Kingdom of Egypt. The Egyptians and Babylonians
were a commercial people. They bought and sold goods, made
buildings, owned land and reckoned time, so they required an
arithmetic capable of handling the problems of commerce and
astronomy, and a gcometry sufficient for the surveyor and
architect. They necded, for example, to work out how to share
goods in various proportions and to know how tall and wide to
build a granary to hold a given number of measures of corn.
This they learned to do, but, as far as we know, they were
interested in mathematics as a practical art, but not as an intel-
lectual pleasurc or discipline; and they would never have built up
a system of geometry for the sheer interest of it, asdid the Greeks.

Counting usually begins with the fingers and tocs. Most
primitives count up to five or ten or twenty and then start
again. Thc Egyptians countcd by tens; their arithmetic was
not as easy as ours because they had quite different signs for
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10, 100 and 1000 (as in Roman figures), instead of using the
same sign and altering its position as we do. They could add,
subtract, multiply and divide, which latter they did by re-
pecatedly doubling or halving. The Babylonians, who were the
finest mathematicians of those ancient times, were excep-
tional in counting both by tens and by sixties. This was a
learned system, artificially compounded of the primitive
counting by tens and the convenient number 6. Thus 6o is
divisible by 2, 3, 4, 5, 6, a great convenience in calculation.
The Babylonians employed three signs, the wedge ¥ that

, I, 6o, 60% etc., according to position, and the

signified 1

6o
sign < which meant 10, and the zero, $ which could be used
internally (as in 105), but not externally (as in 150). Thus

1YY2>> 7 can be written 3 x60*+0x60+22 or 10822.

Civilisations other than in Egypt and Mesopotamia

As far as we know, the Egyptians and Babylonians were by
far the most agvanced peoples of the years 4000-600 B.c. Very
little is known about India and China at this time: undoubtedly
there were independent civilisations in both these countries
before 1000 B.C., but much excavation and study will be re-
quired before we know what they achieved. In the years
between 2000 and 600 B.c. many other centres of civilisation
derived their culture partly or wholly from Egypt or Babylon.
The Cretans, Pheenicians, Jews, and Hittites may serve as
examples, but none of these seem to have made noteworthy
contributions to science. The next wave of culture appears
among the Greek-speaking people in Greece and its colonies,
Asia Minor and Southern Italy.

Examples of Eg yptian and Babylonian Science
BABYLONIAN SOLUTION OF A QUADRATIC EQUATION, C. 1700 B.C.
(The problem is stated and worked in the scale of 60. So 1
is unity, as in the usual denary scale, but 15’ is %5), ie. },

and 30’ is 4 and 45’ is §.
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The problem is that of finding the side of a square from the
data given.)

1 have added the surface and the side of my square: 45'.

You will put 1, unity. You will break one in two: 30’. You
will multiply 30’ and 30’ : 15'".

You will add 15’ to 45" : 1. That is the square of 1. You
will subtract 30’, which you multiplied, from 1 : 30’, the side
of the square.

(The problem can be written x% 4+ x = §.

The scribe squares a half and adds it to both sides

X x+i=1+1
I

x+4: =

x4+ 3% =1

X =1-%
x =3}

The Babylonians solved much more complicated quadratics
than this, and indeed had a general solution of the equation
of the type ax®+bx=c, very similar in principle to our own.
It is to be noted that the Babylonians do not use algebraic
notation nor do they write an equation.)

(Adapted from Textes Mathematiques Babyloniens.

F. Thureau-Dangin, Leiden, R. J. Brill, 1938.)

EGYPTIAN MATHEMATICS (C. 1700 B.C.)

Example of reckoning the produce of a herdsman. Behold
now this herdsman came to the numbering of cattle with 70
oxcn: Said the accountant of cattle to this herdsman, How few
are the head of oxen which thou hast brought! Where then are
thy numerous head of oxen? This herdsman said to him, What
I have brought thee is two-thirds of one-third of the cattle
which thou didst entrust to me. Count for me and thou wilt
find me complete.

The doing as it occurs:

I I 1 1/641/18 II&;Iultilply 70 tt?: 4
esult 315. these
2/3 2/3 2 1/3 + I/9 are what were en-

1/3 1/3 4 2/3 4 1/6+41/18 trusted to hum.
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2/g3of 1/3 of itis 1/6 +1/18 } 1/9 1 315
Divide 1 by 1/6 +1/18 Total 1 2/3 210
1/3 105

2/3 of 1/g it is 70:

these are what he brought
(The question is: If two-thirds of one-third of a number is 70,
JSind the number. Egyptian arithmetic was chicfly a collection
of facts about numbers, like our multiplication table. He had
hardly any gencral rules, but one of the very few of these is
used in this example. By a rule which we would express as
2/g of 1/x = 1/2x + 1/6x: they could reckon that 2/ of 1/3
was 1/6 + 1/18. This is inverted; that is to say, 1 is divided
by it, giving 44, which, multiplied by 70, is g15: the rest of
the sum proves that answer to be correct. The calculation is
taken from the Rhind Mathematical Papyrus, translated by

T. Eric Peet, University Press of Liverpool, 1922, page 110.
No. 67.)

EGYPTIAN SURGICAL INSTRUCTION CONCERNING
BROKEN NOSES

Instructions concerning a break in the Chamber* of the Nose

If thou examinest a man having a break in the chamber of
his nose, (and) thou findest his nose bent, while his face is
disfigured?, (and) the swelling which is over it is protruding
Thou should say concerning him: “One having a break in the
chamber of his nose. An ailment which I will treat.”

Thou shouldst force it to fall in, so that it is lying in its
place, (and) clean out for him the intcrior of both his nostrils
with two swabs of linen until every worm of blood® which
coagulates in the inside of his nostrils comes forth. Now after-
wards thou shouldst place two plugs of linen saturated with
grease and put into his two nostrils. Thou shouldst place for
him two stidt rolls of linen, bound on. Thou shouldst treat him
afterwards with grease, honey, (and) lint every day until he
recovers.

Instruction concerming a smash in the nostril
If thou examinest a man having a smash in his nostril, thou
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shouldst place thy hand upon his nose at the point of the -
smash. Should it crepitate under thy fingers, while at the same
time he discharges blood from his nostril (and) from his ear,
on the side of him having the smash; it is painful when he
opens his mouth because of it, (and) he is speechless.

Thou should say concerning him: “One having a smash in
his nostril. An ailment not to be treated.”

* Notes by a commentator about 2600 B.c. to whom this
treatise was even then ancient enough to require explanation.

I. “A break in the chamber of the nose’’, it means the middle
of his nose as far as the back, extending to the region between
the two eycbrows.

2. As for: “His nose bent while his face is disfigured”, it
means that his nose is crooked and greatly swollen throughout;
his cheeks likewise, so that his face is disfigured by it, not being
in its customary form, because all the depressions are clothed
with swellings, so that his face looks disfigured by it.

3. As for “‘every worm of blood which coagulates in the in-
side of his two nostrils”, it means the clotting of blood in the
inside of his two nostrils, likened to the ‘n’.r.t—worm, which
subsists in the water.

(The Edwin Smith Surgical Papyrus, T. H. Breasted,

Chicago, 1930. Vol. I1.)

REPORT OF BABYLONIAN ASTRONOMER-ASTROLOGERS

No. 162 (Rev. 2ff.). When Jupiter goes with Venus, the
prayer of the land will reach the heart of the gods. Merodach
and Sarpanitum will hear the prayer of thy people and will
have mercy on thy people.

Let them send me an ass that it may ease my feet. From
Nirgal-itir.

REPORT OF A PREDICTED ECLIPSE WHICH THE OBSERVER
THINKS MAY NOT HAVE IN FACT OCCURRED

No. 274. To the king of countries, my lord thy servant
(Bilusur (?) May Bel, Nebo and Samas be gracious to the king
my lord. An eclipse passed the city of Assur, wherein the king
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is dwelling; now there are clouds everywhere so that whether
it did or did not happen we do not know. Let the lord of kings
send to Assur, to all cities, to Babylon, Nippur, Erech and
Borsippa; whatever has been seen in those cities the king will
hear for certain. The omens (?) . . . the omen for an eclipse
happened in Adar and Nisan; I send all to the kings, my lord,
and they shall make a nambulbi-ceremony for the eclipse.
Without fail (?) let not the king omit (?) to act rightly. The
great gods in the city wherein the king dwells have obscured
the heavens and will not allow the eclipse; so let the king know
that this eclipse is not directed against the king, my lord, or
his country. Let the king rejoice. . . .
(The Reports of the Magicians and Astrologers of Nineveh and
Babylon, by R. C. Thompson, Luzac, 1900. Vol. II.)

BABYLONIAN EPHEMERIS

This tablet, for the month of Nisan (about Easter) 123 B.C.,
gives the position of the moon and also the following informa-.
tion about the planets.

Nisannu 8 Mercury goes to the West into Taurus heliacally.
On night 10 in the evening Mars under 3-gemi-
norum 2 ‘yards’.* 10 Jupiter goes into the begin-
ning of Taurus heliacally. During the night 13 in
the evening Mercury under a-tauri 4 yards. 14
Saturn goes into the beginning of Aries heliacally.
On night 21 in the evening Mercury under 3-tauri
1 yard 6 inches. Night 23 in the evening Mercury
under {-tauri 1 2/3 yards. Night 30 in the evening
Mars under vy-canceri 4 inches.

(From F. X. Kugel S. J. Sternkiinde und Sterndienst in Babel.)

*The word translated yard signifies an angle of 2°6’, that translated “inch”,
6257,
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CHAPTER THREE
Theoretical Science Begins

The Greeks and Science

As early as 30002000 B.c. there were high civilisations in
Crete and on the mainland of Greece, but we know little of the
men who made them. The Achzans, depicted in the Homeric
poems, seem to have come to Grecece from the North some time
after 2000 B.C : finally the Dorians invaded the whole of Greece
from about 1200 B.c. There followed several centuries of unrest,
but about the eighth century B.c. the Greeks became vigorous
and active sea-traders, gradually displacing the Phcenicians
from the Eastern Mediterranean. There were Greek States in
the islands of the Agean Sea, on the coast of Asia Minor and
in Southern Italy, and these grew wealthy by trade with these
countries and with Asia and Egypt. The intellectual genius of
the Greeks had already appeared in the poems of Homer (per-
haps c. 950 B.c.) and Hesiod (perhaps c. 800 B.G.): in the sixth
century B.C. certain of the Ionians, living about the coast of
Asia Minor, turned their attention to the nature and origin
of the world about them. Greek interest in these matters con-
tinued for many centuries and we may distinguish three chief
periods of scientific work.

(1) c. 600—400 B.Cc. Rise of natural scicnce as a department

of philosophy.

(2) c.400-200 B.c. Greatdevelopments in science (anatomy,
mathematics and astronomy), now largely separated
from philosophy.

(3) c. 200 B.c.—A.D. 200, Decline of original work, which is
replaced by the making of compilations and encyclopzdias.

The spirit of enquiry
The contribution of the Grecks was nothing less than the

creation of the very idea of science as we know it. As far as
20
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we know, the Egyptians and earlier Babylonians recorded and
studied only those facts about the material world that were of
immediate practical use, whereas the Greeks introduced what
is still the chief motive of science, the desire to make a mental
model of the whole working of the universe. Practical use
they despised, and they desired the knowledge of things as a
means of understanding and realising the harmony and order
of the world. It is one thing to desire knowledge: another to
find the right way to achieve it, and the first requisite for
obtaining accurate knowledge about the world, namely the
making of great numbers of accurately recorded observations
and experiments, was not to the taste of the Greeks. They were
“full of curiosity: they had great artistic ability: but they always
preferred the discussion of abstract principles to those practical
measurements and weighings and prosaic descriptions of things
that are the material of science. Simple experiments with tools
and vessels and mechanical contrivances they felt to be slavish
and degrading, so naturally they did not go far with physics and
chemistry. Certain manual operations, it is true, had an
honourable origin and tradition: the healing art, and to a less
extent the study of animals and plants, was not unworthy of a
philosopher, while astronomy, the study of the cternal mathe-
matical harmony of the universe, was nobler still. But the
greatest success of the Greeks was in geometry, for which little
or no observation or cxperiment was required, but simply the
exercise of pure reason.

The Greeks found few obstacles to scientific progress other
than those inherent in their own temperament. There was
little in the way of religious dogma with which their scientific
speculations could come into contact; and, although Anaxagoras
was brought to trial on the charge of asserting that the sun
might be an inanimate mass of red-hot rock, it must be said
that, considering the boldness and width of their discussions,
the Greek philosophers were little troubled by religious restric-
tions. The Greeks were always great talkers and free specu-
lators, critical and humorous: so it is not surprising that in the
first two hundred years of their science they managed to discuss
a great many fundamental scientific problems.
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The Ionians and their critics

Modern science starts with small, readily soluble problems;
It asks how things fall or float or melt, and comes lastly, if at
all, to the great problems of the nature of life and the universe.
Greek science started with the most difficult of questions—
how the world came into existence. Before their time the answer
had been a creation-myth, the story of how a personal God or
Gods had fashioned the world, sometimes from nothing, some-
times from some simple formless matter such as water or slime.
The Ionian philosophers likewise pictured the complex world
they knew as having arisen from something simple and uni-
form, but they pictured it as having arisen by natural causes.
They did not deny the existence of gods, but they tried to
explain how the world might have come to be through im-
personal agencies. The works of the three early Ionian philoso-
phers, Thales, Anaximander, Anaximenes are lost; but we know
that they all agreed that the world had come from one simple
stuff.  Thales called it ‘water’, Anaximander ‘the indefinite’,
Anaximenes, ‘air’: but we must be careful not to read any of
our scientific ideas about air and water into their work. Next
they thought that this mass of uniform “first principle’ sepa-
rated into parts, some hotter and some colder, some heavier
and some lighter, and this difference of parts brought about
circulation and motion, the result of which was the series of
changes that have brought the earth to its present state. To-day,
as far as we know anything of the origin of the universe, we
suppose it to have arisen from condensation of a homogeneous
cloud of cosmic dust, so the Ionians were not so far from an
aspect of what we now think to be the truth.

At about the same period Pythagoras and his followers
originated the idca of the mathematical character of the universe.
They were preoccupied with numbers and they seem to have
pictured the world as a structure of geometrically arranged
points, just as we sce it as geometrically ranged ‘lattices’ of
atoms. Pythagoras, who was pre-eminently a mathematician,
was not interested in the kind of stuff the universe was made
of, but in its harmony and proportions. The Pythagorcan
believed that if he knew the mathematical relationships that
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lay bchind the visible universe he would understand it.

These theories are static, they are concerned with what things
are rather than with how they move. Heracleitus (fifth century
B.C.) was the first to be impressed with the ever-changing
character of the universe: it was ever flowing, a living fire, in
which the only rest was that of balanced forces, as of the bow
and the string. Parmenides on the other hand had great diffi-
culty in seeing how change could come about at all and con-
cluded that it was an illusion of our senses, the real world being
externally unchanging.

Empedocles contributed the notion that all things were made
of elements, root-substances of which all the varying objects of
the world were compounded: this notion of elements is one that
has come down to modern times.

So the earliest Greek Philosophers, of whom we know very
little because most of their works are lost, contributed funda-
mental and permanent notions about the universe, but very
little in the way of positive scientific fact, except in the fields
of geometry and perhaps astronomy.

Plato and Aristotle

These two great men, who lived in the fourth century B.c.,
had the deepest influence on the world’s thought, scientific
and otherwise. The actual scientific facts they record are not
very numerous and largely wrong, but they taught the world
how to reason. As we shall see, the Greeks had invented
geometry (as distinct from mere rules-of-thumb about measure-
ment), and they were greatly impressed with the power of
geometry to discover and prove all kinds of properties of com-
plicated figures, such as spheres and cones and polyhedra,
simply by starting with a few simple definitions and reasoning
correctly about them. So they came to take geometrical
reasoning as a model for scientific reasoning in general: this
would have done very well, if they had had accurate observa-
tions to reason about, but, in fact, they did not realise the diffi-
culty of ascertaining the truth about the simplest things.

Plato and Aristotle saw that scientific knowledge was not
of individual things but of classes. The circle in a geometrical
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proof was not any particular circle but the ideal circle. So the
doctor studies the Body—not the body of Mr. A. or Mrs. B.,
but the body in general. Throughout history men have dis-
cussed the relationship between these universals and particulars.
Plato would say that the circle we study in geometry was a real,
unchangeable, eternal existence, and that the circles we draw
on paper or visualise are imperfect copies of it. Aristotle would
have the latter circles to be real, and the circle about which we
make assertions in geometry to be a mental abstraction only.
Because of such views Plato was not much interested in scientific
observation of individual things, while Aristotle on the other
hand made some admirable observations in biology.

The Elements

The Ionians thought the world sprang from a single sub-
stance, e.g. water or air, but Empedocles and many later
writers thought there were and had been from the first several
elements or ‘roots of things’ in matter. Plato adopts this view
and believes his four elements, earth, water, air and fire, differ
because their atoms have different shapes. Aristotle did not
believe in atoms, because he did not think a void was possible,
and so could not believe in the empty space which must be
supposed to lie between atoms. He regarded everything as
matter + form, form being the hidden cause of what we now call
the properties of a thing, and matter the stuff that has these
properties. Neither matter nor form could exist alone, but the
simplest combinations of matter with the minimum of form
were his four elements.

Earth. dry and cold

Water. moist and cold rime matter
Air. moist and hot P
Fire. dry and hot

Unlike our elements these could change into one another, for
they were all modifications of simple formless matter. They
did not represent what we call earth, water, air and fire, but

more nearly the qualities of
B
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(1) the heavy, infusible and solid
(2) the fusible and liquid

(3) the gaseous and volatile

(4) the volatile, energetic, and light

But as there was no way of discovering with certainty which
elements and what proportion of them any specified piece of
matter contained, this theory was not of practical use to those

who were concerned in the manufacture and use of different
kinds of matter.

Greek Astronomy

The Greeks certainly took over a good deal of knowledge of
the stars and planets from Egypt and Babylon. It is difficult
to conjecture how much the earliest Greeks learnt from their
predecessors, but it seems that the highly accurate knowledge
of the Babylonians concerning the motions of the heavenly
bedies was available to the Greek astronomers from the fourth
century B.c. We must think of the Greeks and these Chaldxan
astronomers as working simultaneously along rather different
lines. The Chald®ans had made an enormous mass of observa- -
tions over a very long period and so could discover the regulari-
ties in the solar, lunar and planctary motions with great exact-
ness: they also had mathematics very suitable for numerical
calculation. The Greeks, on the other hand, had fewer
observations and those not very accurate; they were not great
computers but were wonderful geometers, and so they excelled,
not in making accurate calculations concerning the motions of
the heavenly bodies, but in finding geometrical explanations
of them.

The earliest Greeks seem to have thought the earth to be
flat or cylindrical, but, from the fifth century on they knew
that the earth was a sphere, and nearly all of them supposed
this sphere to be in the centre of the universe and motionless.
The stars were supposed to be at the surface of a vast sphere
concentric with the earth. The stars rise and set once a day,
so this sphere was supposed to rotate on its axis once in 24
hours. Outside this there was nothing, or a sort of unformed
chzos. The chief problem of antiquity was to work out how
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the bodies between the earth and stars moved. These were the
moon and sun, and the planets, Mercury, Venus, Mars, Jupiter
and Saturn. These rose and set, but not in exact time with
the stars. The moon rises about an hour later every day, the
sun about four minutes (reckoned by the stars). The planets
behave very oddly, for although they generally very slowly fall
behind the stars, they sometimes stay still relatively to them
and even gain on them for a short time. The Greeks decided
that the only fitting path for a heavenly body was the ‘perfect’

F16. 4 —The Arnstotelian scheme of the umverse, as portrayed m the
middle ages. From within, outwards, (1) Spheres of earth, water, air and
fire. these compose the terrestrial region, (2) the planetary spheres
carrying Moon, Mercury, Venus, Sun, Mars, Jupiter, Saturn and the
fixed stars. Then come (3) the crystalline sphere which provided the
rotation of the pole, needed for the precession of the equiroxes (unknown
to Aristotle); (4) the first mover, which impels the rest, and (5) the
habitation of God and the Saints
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figure of a circle; and Aristotle, indeed, laid down that just as
on earth bodies, if undisturbed, naturally fell down (i.e. to-
wards the centre), so heavenly bodies naturally moved uni-
formly in circles round the centre.

The problem the Greeks set themselves was to discover a
combination of circular motions which would give rise to the
curious paths which the planets in fact took. The first im-
portant solution was that of concentric spheres. Imagine a
‘nest’ of spheres one inside the other, turning on axles like

. F1c 5 —Eudoxian or concentric system of planetary motion, later
mwdified by Callippus and adopted by Arnstotle. The figure shows
the scheme for one planet only, e g Saturn. The Earth E 1s stationary
at the centre The starry sphere S rotates about the centre of the
earth in this sphere and carried about with 1t are the axes cf a
second sphere D1 rotating at a different rate in this arc are the
axes of a third sphere D2 which carries a fourth D3 1o this 1s
attached the planet whose motion 1s therefore a combinat on of
the rotations of all four spheres. (From Blackfriars Monthly Review,

by courtesy of the Editor)
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wheels (Fig. 5). Each sphere has its axle set in the surface of
the sphere next larger than itself. The axlés incline in various
directions and the spheres rotate at very different speeds. The
planet, borne on the innermost sphere, will combine the
motions of all of them, and will describe at intervals a sort of
figure-of-eight path which is not unlike its apparent path
through the heavens. The correspondence of this system with
the observed facts was not at all exact; and another difficulty
was that the planets change in brightness and so scem some-
times to be nearer to the earth and sometimes further from it,
which could not be the case if they moved on a sphere con-
centric with it.

The idea of concentric invisible spheres, adopted though not
invented by Aristotle, persisted until the seventeenth century;
but at the same time another and better system, the Ptolemaic,
was used by astronomers from the second to the seventeenth

) ,‘;1,’ fxstm exvens 571:,5{
s E %

Fic 6 —Motion of Saturn according to the Ptolemaic system. The
Earth 1s stationary and 1ts centre M 1s the centre of the universe
The planet travels 1n the epicycle, whose centre travels round the
deferent circle whose centre 1s at D It does not move umformly
about D, but about E the centre of the equant circle 1 e so that the
angle CEX 1ncreases umformly Meanwhile the whole system is
carried about the éarth once a day by the motion of the heavens,
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century. The earth, as before, is supposed to be motionless at
the centre and the planets to move round it. Each planet moves
round a circle, the epicycle, the centre of which moves in
another circle which surrounds the earth, though its centre is
not at the earth’s centre. The centre of the epicycle does not,
however, move uniformly but so as to lie always on the uni-
formly rotating radius of a third circle. This complicated
system, if the size of the circles, the position of their centres
and the rate of rotation were properly chosen, could give a
very fair account of the motion of the planets. This was im-
portant in all ages up till about 1700, because men took much
account of astrology, which foretold the events of their lives
by the relative positions of the stars and planets. Although by
modern standards these systems were far from accurate, they
were a great advance on no system at all, and, moreover, were
wonderful feats of mathematical reasoning.

It is interesting to note that the great Chaldzan astronomer,
Kiddinnu, who lived about 150 B.c. did not use a purely geo-
metrical system. He accounted for the motion of the sun by
supposing it to move in a circle and to accelerate steadily from
a minimum to a maximum and decelerate back to a minimum
in each revolution. This gives a near approximation to its
apparent motion.

The Greeks did not confine themselves to systems in which
the earth stands still at the centre of the universe. Aristarchus
of Samos, about 270 B.C., proposed a system identical with the
Copernican (Chs. V, VII); it attracted few, if any, followers,
however, and there was talk of a charge of impiety being brought
against him.

The Greeks had only very inaccurate ideas about the sizes
and distances of the sun and moon, still more of the planets.
They had, however, measured the earth with fair accuracy by
the method described on pp. 43-45; Aristarchus estimated the
distances and sizes of the sun and moon by a method which
was sound in theory and, although it gave very inaccurate
results in his hands, served to demonstrate that the sun was
many times bigger than the earth and much further away
than the moon.
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Greek Mathematics

The modern child starts with arithmetic and goes on to
algebra and geometry. The Greeks made very little study of
arithmetic, had almost no algebra, but did practically every-
thing in geometry that can be done without algebraical or
trigonometrical help. Euclid, about 300 B.c., collected and
systematised the geometry of his time, and seventy or eighty
years ago a literal translation of Euclid’s Elements was the
standard text-book of geometry. Euclid worked up through
his thirteen books to the construction of the five regular solids
(p- 39) by the use of ruler and compass only. Later Greeks
went much further than Euclid and worked out the geometry
of the figures we get by slicing a cone (the ellipse, parabola and
hyperbola), and invented many other special curves. They
worked out the geometry of spheres very carefully, because they
needed it for astronomy. They made very great efforts to find
geometrical constructions to solve three problems that cannot
in fact be solved in that way; squaring the circle (i.e. construct-
ing two straight lines whose ratios are I : 7); constructing a
cube of double the volume of a given cube (this involves find-
ing 34/2); and trisecting an angle. A great deal of valuable
geometry was discovered in their efforts: and ways of approxi-
mating to solutions of all three were discovered (pp. 40-42).

Greek arithmetic could not get very far because their system
of numeration was like the Roman and did not depend on
position: calculation was possible but laborious. Nothing like
algebra is found till near the close of Greek activity, and then
may have come from India, where arithmetic and algebra
developed much quicker than geometry.

Physics

The Greeks made some study of optics, because shadows
and rays followed geometrical laws and were important in
astronomy, e.g. in predicting eclipses. They worked out the
laws of reflection in mirrors, but they did not understand re-
fraction; and though they seem to have had burning-glasses
they do not record any study of lenses.

Aristotle greatly hampered physics and astronomy by build-
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ing a system on two assumptions which he omitted to check
by experiment. He had evidently noticed that light bodies
fell more slowly than heavy ones (e.g. leaves than stones) and
that bodies fell more swiftly through air than water, and mcre
swiftly through water than, e.g., honey. So he deduced that
the speed of fall of a body was (1) proportional to its weight,
(2) inversely proportional to the resistance of the medium.
So a ten-pound weight would fall ten times as quickly as a
one-pound weight: and if water had 20 times the resistance
of air things would fall in air 20 times as fast as they would
sink in water. Neither of these rules agree with the facts, and
Aristotle unfortunately used them as axioms. He thus proved
by quite sound reasoning a number of false conclusions (e.g.
that a vacuum could not exist). Consequently mechanics had
to wait nearly two thousand years to make a start.
Archimedes, a very great mathematician, measured densities
and studied centres of gravity and the way things float, but
rather as an exercise in geometry than as physics. He even
constructed mechanical devices and engines of war, though we
are told that he did not consider these material applications

Fic 7 —"Penny-in-the Fic 8 —Heron'’s reaction turbine
slot”” machine for de- Water 1s boiled by a fire beneath
livering holy water, as the cauldron and steam jets 1ssuing
described by Heron of from the pivoted globe cause 1t to

Alexandna. rotate
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Fic 9 —XII-XIII century manuscript of Philon of Byzantmum

showing his instrument for demonstrating the expansion of air by

heat The sphere a contains some air and some water into which the

central tube dips The heat of the sun causes the air to expand and

drive water through the tube b into the flask ¢ (From The Annals
of Science, Vol V, No 2)

of science as worthy of record. When Greek science was
already beginning to decline, two authors—and probably
others whose works are lost—began to study the flow of liquids
and the properties of gases, rather as a way of making ingenious
toys than as real science. Heron of Alexandria discovered the
first steam-engine—to him a mere toy, and Philon of Byzantium
describes what might have been used as a thermometer (Fig. 9).

The Romans were quite good engineers, they made bridges,
pumps, aqueducts, theatrical machinery, engines of war and
the like, but they were not interested in the theory of such
things. The Greeks were all theory and no practice: the Romans
were the opposite, and it was only in the eighteenth and nine-
teenth centuries that we began effectively to combine these two
aspects of science.

Greek and Roman Medicine

Medicine is a science that cannot be entirely theoretical
because patients have to be treated. The first Greek medical
practice was by the priest-physicians of the temples of Askle-
pios, god of healing, but in the fifth and sixth centuries there
arose a class of lay physicians of whom the most famous was
Hippocrates. Their practice was, on the whole, sensible: they

B#
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preferred diet, baths, rest, and massage, to the use of quanti-
ties of largely useless drugs. They also worked out excellent
ways of replacing dislocated joints. But the chief merit of
Hippocrates and his followers was their careful observation
of disease. The best of them rejected the superstitious type of
medicine. They took concise, clear notes of the symptoms of
illnesses at all stages and set down rulés by which the course
of the disease might be predicted. In the third century B.c.
the Alexandrian surgeons studied anatomy much more care-
fully, and acquired a fair knowledge of how the body was
constructed, although they had scarcely any knowledge of how
it worked. After this period medicine seems to have become
less scientific. More and more drugs became known, and
medicine tended to degencrate into the administration of
elaborate messes of ingredients, many of which we should
regard to-day as disgusting in the extreme. The main body of
medicine was finally summed up by Galen, about A.D. 150, in
several long treatises. The work of Galen and Hippocrates was
the basis of almost all medicine until the sixteenth century and
remained influential until the eighteenth.

Anatomy and Physiology

There was a prejudice against dissecting the human body at
most periods of antiquity, though at Alexandria, in the third
century B.C., it was allowed, and there are even stories of human
vivisection. So even Galen had a good many serious anatomical
mistakes, resulting from his deduction of human anatomy from
animal dissections.

Of physiology—the way the body worked—there were
numerous theories, but almost no understanding; of these
theories the following is only a sketch. There were generally
supposed to be four body-fluids (humours), blood, phlegm,
yellow bile and black bile, the quantities of which were per-
fectly proportioned in the healthy body. The different tem-
peraments as well as diseases depended on an excess of one of
these; thus we still speak of people as sanguine, phlegmatic, choleric
or melancholy in temperament. The physiology of Galen may
be taken as typical. Blood was not believed to circulate, but
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Fic 10 —The Physwology of Galen (from C. Singer. Greek
Buology and Greek Medicine) (By courtesy of the Oxford
University Press)

35
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to ebb and flow in the veins as a result of the expansion and
contraction of the right side of the heart. Food was digested,
and from the products the liver separated natural spirits, some-
thing more subtle than air but coarser than the soul. Blood
charged with natural spirits was supposed to pass through pores
in the septum of the heart to the left side of that organ, where
it met with air from the lungs. The heart transformed the air,
blood and natural spirits by a sort of combustion to the even
more subtle vital spirits. These travelled through arteries to
the brain which transformed them into ammal spirits, some-
thing almost like mind. The brain forced these spirits along
the nerves into the muscles so inflating them and making them
swell up and shorten (i.e. contract). 'l hese theories were of no
assistance to the practical physician, but for lack of anything
better they were taught and believed till the seventeenth century.

Biology

Almost the only serious studies of animals that have come
down to us from the classical world are those of Aristotle. His
descriptions of the creatures he has seen are accurate and full
of good observation. He took a great deal of trouble to watch
the animals he was able to study, especially the sea-creatures
with which he became familiar in his two years’ stay on the
island of Lesbos, and some of his observations which were re-
jected by later naturalists have in recent years been found to
be quite correct. Furthermore he took the trouble to make
dissections of as many as 48 different species. Moreover he
grasps the really significant points, picks out the really im-
portant points of ditference and classifies animals in a sensible
fashion. Aristotle was looking for purpose, for evidence that an
animal was perfectly adapted to the end for which it strives,
and any study of biology soon shows the marvellous adaptation
of animals to the lives they lead. It is true, of course, that
without the microscope or any knowledge of chemistry, he
could not discover much about the inner workings of the body
and many of his explanations were incorrect: nevertheless he
stands out as immeasurably the greatest biologist who lived
before the time of modern science.
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His pupil Theophrastus has left a text-book of botany which
shows the same admirable observation. It is not so attractively
presented as are the works of Aristotle but one can find in it
important features of classification of plants and their organs,
and nothing like it is found again before the sixteenth century.
No one else in antiquity produced any first-class studies of the
departments of biology other than medicine. Plants are chiefly
studied from the druggists’ point of view; and, as time goes on,
zoology, started so well by Aristotle, degenerates into uncritical
fables about beasts and the moral lessons to be learnt from
them. The Greeks were the founders of biology as a science,
the study of organisms for their own sake with a view to eliciting
general laws concerning them. They set out the main classes
of animals, and recorded the main outlines of anatomy. They
generally assigned the true function to each organ, though they
did not understand how it operated,

The decline of science

The Greeks were great logicians and geometers, and fair
astronomers; they made a beginning in many other sciences,
but no more than a beginning. They were the originators of
the scientific spirit and of almost all the science of classical
times; for in this the Romans were only their followers. Their
best work was finished by 150 B.c. After that we have plenty
of encyclopadists who compile long books from the works
“of others and may or may not add something themselves.
Pliny’s Natural History, though containing masses of informa-
tion, is poor uncritical stuff. Only Galen the physician and
Ptolemy the astronomer, who date from the second century A.p.,
are anything more than mere compilers. After about A.D. 300
interest in natural science almost ceases: Christianity, new and
living, was giving men what they had always been seeking,
and in that new world of inspiration and love, nothing seemed
important except to live well and know the Divine truth. So
science almost disappears and for centuries the learned world
is busy confuting heresies and defining exactly what a Christian
can believe without fear of error.
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Examples of Greek Science
PLATO ON THE STUDY OF GEOMETRY

Those then who are but a little conversant in geometry, said
I, will not dispute with us this point at least, that this science
is perfectly contrary to the common modes of speech employed
about it by those who practise it. How? said he. They speak
very ridiculously, and as if through poverty of ideas; for all the
discourse they employ in it appears to be with a view to actual
practice. Thus they speak of making a square, of prolonging,
of adjoining, and the like. But yet the whole of this discipline
is studied for the sake of knowledge. By all means, said he.
Must not this further be assented to? What? That it is the
knowledge of that which always is, and not of that which is
sometimes generated and destroyed. This, said he, must be
granted; for geometrical knowledge is of that which always is.

F16. 11.—The five regular solids.

Icosahedron Dodecahedron
Tetrahedron Cube Octahedron
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It would seem then, generous Glauco, to draw the soul towards
truth, and to be productive of an intellectual energy adapted
to a philosopher, so as to raise this power of the soul to things
above, instead of causing it improperly, as at present, to con-
template things below.

(From The Republic of Plato, translated by Thomas Taylor.
Book VII.)

A PROPOSITION OF EUCLID, BOOK XII

I say next that no other figure, beside the said five figures, can be
constructed which is contained by equilateral and equiangular figures
equal to one another.

For a solid angle cannot be constructed with two triangles
or indeed plancs.

With three triangles the angle of the pyramid is constructed,
with four the angle of the octahedron, and with five the angle
of the icosahedron:

but a solid angle cannot be formed by six equilateral and
equiangular triangles placed together at one point,

for the angle of the equilateral triangle being two-thirds of
a right angle, the six will be equal to four right angles:
which is impossible, for any solid angle is contained by
angles less than four right angles.

For the same reason neither can a solid angle be constructed
by more than six plane angles (triangles?).

By three squares the angle of the cube is contained, but by
four it is impossible for a solid angle to be contained.

For they will again be four right angles.

By three equilateral and equiangular pentagons the angle of
the dodecahedron is contained;

but by four such it is impossible for any solid angle to be
contained;

for, the angle of the equilateral pentagon being a right
angle and a fifth, the four angles will be greater than four
right angles:

which is impossible.

Neither again will a solid angle be contained by other poly-
gonal figures by reason of the same absurdity.
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Therefore no other figure beside the said five figures can be
constructed which is contained by equilateral and equiangular
figures equal to one another;

which was required to be proved.
(The XIII books of Euclid’s Elements. Sir Thomas L. Heath,
C.U.P.)

EXAMPLES OF ATTEMPTS TO SOLVE THREE
GREAT PROBLEMS

The squaring of the circle. Euclidean methods are incapable
of constructing a square equal to a given circle, but Hippo-
crates of Chios about 440 B.c. showed how to construct a square
equal in area to a lune, bounded by two circles.

E C

A - D B

Fic 12 —Quadrature of a lune.

In Fig. 12 ACB is a semi-circle, on the diameter AB. DC
is a radius perpendicular to AB. AEC is a semi-circle on the
chord AC as diameter. The student can easily prove that
the area of the lune AECF is equal to that of the square on
half the line AC.

Trisection of an angle. To trisect the angle AOD, draw a
circle, with centre O, to cut AO in E; produce DO. Draw a
straight line EBC so that OB = BC. Then BOC = 1/3 AOD.

Is this construction sound? Can it be done with ruler and
straicht edge only?
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D

Fi1c 13 —Trnisection of an angle

Duplication of the cube

The problem is to construct a cube of volume double that of
another cube. If the side of the latter is of length 1, that of
the former must be 34/2. The problem is therefore to con-
structaline of length 34/2. This cannot be done by Euclidean geo-

metry. Eratosthenes

A M N Q X_ adopted the construc-
tion shown in Fig. 14.
AX, XY are two
parallels, 2 units
apart, and AMF,

" MNG, NQH, are
E y three cqual set-
F G H squares. The per-
pendicular DH of
A M N _@a X_ length 1 unitisdrawn.
v Then the set-squares
B . are adjusted so that
8\ their intersections B,
D C, lie on the line AD.

Then

E Y BF BF CG
F G H = =TE = OE

F16. 14 —The finding of two mean proportionals, dif
leading to the duplcation of the cube and 1
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AE BF
DH = 2 then = 34/2 and a cube drawn on BF will be

double the volume of one drawn upon CG.

PLATO ON THE STUDY OF ASTRONOMY

(Plato defines astronomy as ‘the circular motion of a solid’
and regards it as an exercise in 3-dimensional geometry, to
which the measurements of the actual movements of the
heavenly bodies is not essential.)

“But which was the proper way, said you, of learning
astronomy different from the methods adopted at present, if
they mean to learn it with advantage for the purposes we speak
of? In this manner, said I; although these variegated bodies in
the heavens are deemed the most beautiful and the most
accurate of the kind, yet (as they are only part of the visible
world) are far inferior to the real beings which are carried in
those orbits in which real velocity, and real slowness, in true
number, and in all true forms, work with respect to one
another, and carry all things that are within them: which
latter things truly are to be comprehended by reason and the
intellectual power, but not by sight: or do you think they can?
By no means, replied he. Is not then, said I, that variety in
the heavens to be made use of as a model for learning those
real things, in the same manner as if one should meet with
geometrical figures, drawn remarkably well and elaborately
by Dzdalus, or some other artist or painter? For a man who
was skilled in geometry, on seeing these would truly think the
workmanship most excellent, yet would esteem it ridiculous to
consider these things seriously, as if from thence he were to
learn the truth, as to what were in equal, in duplicate, or in
any other proportion. It would be ridiculous, replied he. And
do not you then think, that he who is truly an astronomer is
affected in the same manner, when he looks up to the orbits
of the planets? And that he reckons that the heavens are estab-
lished in the most beautiful manner possible for such works;
but would not he deem him absurd, who should imagine that
this proportion of night with day, and of both these to a month,
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and of a month to a year, and of other stars to the sun and
moon and towards one another, existed always in the same
manner, and in no way suffered any change, though they have
a body and are visible; and who would search by every method
to apprehend the truth of these things. So it appears to me,
replied he, whilst I am hearing you. Let us then make use of
problems, said I, in the study of astronomy, as in geometry.
And let us dismiss the heavenly bodies, if we intend truly to
apprehend astronomy, and render profitable instead of un-
profitable that part of the soul which is naturally wise.”
(From The Republic of Plato, tr. Thomas Taylor. Book V1I.)

MEASUREMENT OF THE EARTH BY ERATOSTHENES

Syene and Alexandria lie, he says, under the same meridian
circle. Since meridian circles are great circles in the universe,
the circles of the earth which lie under them are necessarily
also great circles. Thus, of whatever size this method shows
the circle on the earth passing through Syenc and Alexandria
to be, this will be the size of the great circle of the earth. Now
Eratosthenes asserts, and it is the fact, that Syene lies under
the summer tropic. Whenever, therefore, the sun, being in
the Crab at the summer solstice, is exactly in the middle of
the heaven, the gnomons (vertical pointers) of sundials neces-
sarily throw no shadows, the position of the sun above them
being exactly vertical; and it is said that this is true throughout
a space three hundred stades in diameter. But in Alexandria,
at the same hour, the pointers of sundials throw shadows,
because Alexandria lies further to the north than Syene. The
two cities lying under the same meridian great circle, if we
draw an arc from the extremity of the shadow to the base of
the pointer of the sundial in Alexandria, the arc will be a
segment of a great circle in the (hemispherical) bowl of the
sundial, since the bowl of the sundial lies under the great circle
(of the meridian). If now we conceive straight lines produced
from each of the pointers through the earth, they will meet
at the centre of the earth. Since then the sundial at Syene is
vertically under the sun, if we conceive a straight line coming
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from the sun to the top of the pointer of the sundial, the line
reaching from the sun to the centre of the earth will be one
straight line. If now we conceive another straight line drawn
upwards from the extremity of the shadow of the pointer of
the sundial in Alexandria, through the top of the pointer to
the sun, this straight line and the aforesaid straight line will
be parallel, since they are straight lines coming through from
different parts of the sun to different parts of the earth. On

y

Alexandria=

F1c. 15.—Measurement of the circumference of the earth,
according to Eratosthenes,

these straight lines, therefore, which are parallel, there falls
the straight line drawn from the centre of the earth to the
pointer at Alexandria, so that the alternate angles which it
makes are equal. One of these angles is that formed at the
centre of the earth, at the intersection of the straight lines
which were drawn from the sundials to the centre of the earth;
the other is at the point of intersection of the top of the pointer
at Alexandria and the straight line drawn from the extremity
of its shadow to the sun through the point (the top) where it
meets the pointer. Now on this latter angle stands the arc
carried round from the extremity of the shadow of the pointer
to its base, while on the angle at the centre of the earth stands
the arc reaching from Syene to Alexandria. But the arcs are
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similar, since they stand on equal angles, Whatever ratio,
therefore, the arc in the bowl of the sundial has to its proper
circle, the arc reaching from Syene to Alexandria has that
ratio to s proper circle. But the arc in the bowl is found to
be one-fiftieth of its proper circle. Therefore the distance from
Syene to Alexandria must necessarily be one-fiftieth part of the
great circle of the earth. And the said distance is 5000 stades;
therefore the complete great circle measures 250,000 stades.
(40 stades = 12,000 royal Egyptian cubits of 52.5 cm.: there-
fore 250,000 stades is 24,662 miles. The true circumference is
about 24,900 miles. The angle of the shadow is correct within
a minute or so of arc, but Alexandria is by no means directly
north of Syene (the modern Aswan): it is not clear whether
Eratosthenes meant 5000 stades to be the distance between the
towns or the distance between their parallels of latitude. If he
intended the latter, the measurement is remarkably correct.)
(Translation from Greek Astronomy, by Sir Thomas Heath;
by courtesy of Messrs. J. M. Dent and Sons.)

ARISTOTLE ON THE CETACEA

The dolphin, the whale, and all the rest of the Cetacea, all,
that is to say, that are provided with a blow-hole instead of
gills, are viviparous. That is to say, no one of all these fishes
is ever seen to be supplied with eggs, but with an embryo from
whose differentiation comes the fish, just as in the case of
mankind and the viviparous quadrupeds.

The dolphin bears one at a time generally, but occasionally
two. The porpoise in this respect resembles the dolphin, and,
by the way, it is in form like a little dolphin, and is found in
the Euxine; it differs however from the dolphin in being less
in size and broader in the back; its colour is leaden-black.
Many people are of opinion that the porpoise is a variety of
the dolphin.

All creatures that have a blow-hole respire and inspire, for
they are provided with lungs. The dolphin has been seen asleep
with his nose above water, and when asleep he snores.

The dolphin and the porpoise are provided with milk and
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suckle their youhg, . . . Its young accompany 1t for a con-
siderable period; and in fact the creature is remarkable for
the strength of its parental affection. It lives for many years;
some are known to have lived for more than twenty-five and
some for thirty years; the fact is fishermen nick their tails
sometimes and set them adrift again and by this expedient
their ages are obtained.

(Hustory of Animals. Aristotle. Ed. Smith & Ross. Trans.

D’Arcy Wentworth Thompson. Oxford, 1910. 566°. 12.

1-27.)
THE STUDY OF BIOLOGY

Having laid this foundation, we proceed to the next topic,
and by way of introduction we observe that (Chap. VI) some
members of the universe are ungenerated, imperishable, and
eternal, while others are subject to generation and decay. The
former* are excellent beyond compare and divine, but less
accessible to knowledge. The evidence that might throw light
on them, and on the problems which we long to solve respecting
them, is furnished but scantily by sensation; whereas respecting
perishable plants and animals we have abundant information,
living as we do in their midst, and ample data may be collected
concerning all their various kinds, if only we are willing to take
sufficient pains. Both departments, however, have their special
charm. The scanty conceptions to which we can attain of
celestial things give us, from their excellence, more pleasure
than all our knowledge of the world in which we live; just as
a half-ghmpse of persons that we love is more delightful than a
leisurely view of other things, whatever their number and
dimensions. On the other hand in certitude and in complete-
ness our knowledge of terrestrial things has the advantage.
Moreover, their greater nearness and affinity to us balances
somewhat the loftier interest of the heavenly things that are
the objects of the higher philosophy. Having already treated
of the celestial world, as far as our conjectures could reach, we
proceed to treat of animals, without omitting to the best of

*The heavenly bodies.
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our ability, any member of the kingdom, however ignoble. For
if some have no graces to charm the sense, yet even these, by
disclosing to intellectual perception the artistic spirit that
designed them, give immense pleasure to all who can trace
links of causation, and are inclined to philosophy. Indeed, it
would be strange if mimic representations of them were attrac-
tive, because they disclose the mimetic skill of the painter or
sculptor, and the original realities themselves were not more
interesting, to all at any rate who have eyes to discern the
reason that presided over their formation. We therefore must
not recoil with childish aversion from the examination of the
humbler animals. Every realm of nature is marvellous: and as
Heracleitus, when the strangers who came to visit him found
him warming himself at the furnace in the kitchen, is reported
to have bidden them not to be afraid to enter, as even in that
kitchen divinities were present, so we should venture on the
study of every kind of animal without distaste; for each and all
will reveal to us something natural and something beautiful.
Absence of haphazard and conduciveness of everything to an
end are to be found in Nature’s works in the highest degree,
and the resultant end of her generations and combinations is
a form of the beautiful.
(From On the Parts of Animals. Aristotle. Trans. by
W. Ogle, 1882. Kegan, Paul, Trench & Co.)

THEOPHRASTUS ON THE GERMINATION OF SEEDS

Some seeds in germinating put forth their primary root and
leaf from one and the same point; others, the root from one
end and the leaf from another. . . . Wheat, barley, rye, and
all the grains sprout from both ends; that is to say the basal
and thicker end of the grain puts forth the root, the upper and
narrower end the green herbage. The two, however, are con-
nected and continuous as one. But neither the bean nor any
seeds of leguminous plants have this way of sprouting. These
put forth root and stem from the same part, namely, that at
which the seed was linked to the pod, as if under that point
lay the special seat of the growing principle. In the case of
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seeds of this kind the root at first appearing begins to show a
downward tendency, the stem an upward.

(Theophrastus. Natural History of Plants. Translated by
E. L. Green in his Landmarks of Botanical History, pp. 95--96.
Smithsonian Miscellaneous Collections, Vol. 54.)

HIPPOCRATES ON THE SACRED DISEASE

“I am about to discuss the disease called ‘sacred’.* It is not,
in my opinion, any more divine or more sacred than other
diseases, but has a natural cause, and its supposed divine
origin is due to men’s inexperience and to their wonder at its
peculiar character. Now while men continue to believe in
its divine origin because they are at a loss to understand it,
they really disprove its divinity by the facile method of healing
which they adopt, consisting as it does of purifications and
incantations. But if it is to be considered divine just because
it is wonderful, there will be not one sacred disease but many,
for I will show that other diseases are no less wonderful and
portentous, and yet nobody considers them sacred. For in-
stance quotidian fevers, tertians and quartans, seem to me to
be no less sacred and god-sent than this disease, but nobody
wonders at them. Then again one can see men who are mad
and delirious from no obvious cause, and committing many
strange acts, while in their sleep, to my knowledge, men groan
and shriek, others choke, others dart up and rush out of doors,
being delirious until they wake, when they becomc as healthy
and rational as they were before, though pale and weak; and
this happens not once but many times. Many other instances,
of various kinds, could be given, but times does not permit us
to speak of each separately.”

“But this disease in my opinion is no more divine than any
other; it has the same nature as other diseases, and the cause
that gives rise to individual diseases. It is also curable, no less
than other illnesses, unless by long lapse of time it be so in-
grained as to be more powerful than the remedies that are
applied. Its origin, like that of other diseases, lies in heredity.

*Epilepsy *
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For if a phlegmatic parent has a phlegmatic child, a bilious
parent a bilious child, a consumptive parent a consumptive
child, and a splenetic parent a splenetic child, there is nothing
to prevent some of the children suffering from this disease
when one or other of the parents suffered from it; for the seed
comes from every part of the body, healthy seed from the
healthy parts, diseased seed from the diseased parts. Another
strong proof that this disease is no more divine than any other
is that it aflects the naturally phlegmatic, but does not attack
the bilious. Yet if it were more divine than others, this disease
ought to have attacked all equally, without making any
difference between bilious and phlegmatic.

The fact is that the cause of this affection, as of the more
serious diseases generally, is the brain.”

(Hippocrates, Vol. II, p. 139 ff. N. W. H. Jones. Loeb
Library. Heinemann, London.)

CASE DESCRIPTION FROM HIPPOCRATES

In Thasos the wife of Delearces, who lay sick on the plain,
was seized after a grief with an acute fever with shivering.
From the beginning she would wrap herself up, and through-
out, without speaking a word, she would fumble, pluck, scratch,
pick hairs, weep and then laugh, but she did not sleep; though
stimulated, the bowels passed nothing. She drank a little when
the attendants suggested it. Urine thin and scanty; fever slight
to the touch; coldness of the extremities.

Ninth day. Much wandering followed by return of reason;
silent.

Fourteenth day. Respiration rare and large with long intervals,
becoming afterwards short.

Seventeenth day. Bowels under a stimulus passed disordered
matters, then her very drink passed unchanged; nothing co-
agulated. The patient noticed nothing; the skin tense and dry.

Twenti:th dgy. Much rambling followed by recovery of
reason; speechless; respiration short.

Twenty-first day. Death.,

The respiration of this patient throughout was rare and large;
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took no notice of anything; she constantly wrapped herself up;
either much rambling or silence throughout.
(From the Works of Hippocrates, Vol. 1, Epidemics III,
Case XV. Translated by W. H. S. Jones, Loeb Library.)

HIPPOCRATES ON BATHS

The bath will be beneficial to many patients, sometimes when
used continuously, sometimes at intervals. Occasionally its use
must be restricted, because the patients have not the necessary
accommodation, for few houses have suitable apparatus and
attendants to manage the bath properly. Now if the bath be
not carried out thoroughly well, no little harm will be done.
The necessary things include a covered place free from smoke,
and an abundant supply of water permitting bathings that are
frequent but not violent, unless violence is necessary. Ifrubbing
with soap be avoided, so much 'the better; but if the patient be
rubbed, let it be with soap that is warm, and many times
greater in amount than is usual, while an abundant affusion
should be used both at the time and immediately afterwards.
A further necessity is that the passage to the basin should be
short, and that the basin should be easy to enter and to leave.
The bather must be quiet and silent; he should do nothing
for himself but leave the pouring of water and the rubbing to
others. Prepare a copious supply of tepid water, and let the
affusions be rapidly made. Use sponges instead of a scraper,
and anoint the body before it is quite dry. The head, however,
should be rubbed with a sponge until it is as dry as possible.
Keep chill from the extremities and the head, as well as from
the body generally. The bath must not be given soon after
gruel or drink has been taken, nor must these be taken soon
after a bath.

(Works of Hippocrates. Translated by W. H. S. Jones.

Loeb Library. Regimen in acute diseases, LXV.)
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CHAPTER FOUR

Science in Eclipse

The period of tradition

The great wave of Greek Science began to subside after about
200 B.C., and after about 150 B.C. not much original work was
done. A highly cultured and organised society, skilled in the
fine arts and practical crafts, persisted for some five hundred
years, during which the works of the great Greek mathemati-
cians, astronomers and physicians remained well known, but
little was added to them except comment and explanations.
At this time there were three great centres of culture. The
first was Alexandria, where an extraordinary medley of races,
Egyptians, Chald®ans, Phaenicians, Jews, Greeks, Persians, and
the like possessed in common the Greek language and culture.
It remained a vigorous centre of learning from 306 B.C. to
A.D. 642, when it was taken by the Moslems.

Rome was less a centre of science than of literature and
history and law; its language was Latin, though Greek was
widely read for a time. As a centre of culture it greatly declined
after its sack by Alaric in 410, and when Roman knowledge
of Greek died out in the fifth century, so did most of the ancient
science, very little of which had been translated into Latin.

Byzantium was not a great centre of learning before A.p. 330,
but after that date, when Constantine refounded it as the seat
of the Eastern Empire, it grew in importance, and remained a
city of high though sterile Greek culture till its sack by the
Turks in 1453. It was in Byzantium that the classical Greek
tongue continued to be read and Greek manuscripts of ancient
authors to be preserved; and she handed on this knowledge of
Greek learning, first to the Syrians and Persians, thence to the
Moslem world, and later to Western Europe.

The beginning of Chemistry
Chemistry, in the sense of something that is done with special
52
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chemical apparatus in a laboratory, appears first in Alexandria
about A.p. 100 in the form of Alchemy, which purported to be
the art of transforming other metals into gold—a process which
was quite credible on the ancient theory of matter. Alchemy
throve for fifteen hundred years, and though we may suppose
that the alchemists made no gold, they invented chemical
technique. In their works we first hear of distillation, the in-
ventor of which seems to have been a woman, Maria the
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Jewess, who lived in the first or second centuyry a.p. They used
flasks, beakers, funnels, filters, water-baths, ash-baths, con-
densers, receivers, sublimation apparatus, and until the nine-
teenth century very little was added to the apparatus they
invented. The alchemists were primarily interested in the
problem of making gold, but incidentally discovered a number
of new materials; though we cannot call the harvest of 1500
years of their investigations a large one.

Science in the Far East

It is not easy to say what was the state of scientific know-
ledge in India and China in the first few centuries of the Chris-
tian era, for the number of texts translated are but few. It
might be fair to say that, as far as we know, the scientific culture
of the Indians and Chinese was inferior to that of the West in
all respects except as regards Indian arithmetic and algebra.
The Indians had the positional system of arithmetic which we
call Arabic numerals, had made a beginning in algebra, and
had advanced beyond the Greeks in trigonometry. But they
did not continue to progress in any marked degree and play no
important part in the progress of science.

The Dark Ages in the West

The Roman Empire broke up. Provinces fell away to come
under the sway of barbarous kings. Hordes of the uncivilised
Northern and Eastern tribes poured into lands which once had
a polished Roman socicty. Only one influence preserved Europe
from utter barbarism—the Church of Rome. Missionaries went
out into distant and uncivilised pagan lands, such as Britain
or Germany; bishops made the perilous journey from Gaul or
Spain to Rome, which, shorn of its worldly power and glory,
remained the centre of the only intellectual and spiritual life
that was left, the life of religion. Monasteries developed during
this time; and so, dotted over a half savage Europe, were
colonies of men who kept alive the knowledge of Latin and
with it the treasure of the liturgy, the Christian Fathers, and
the Scriptures. Between, say, A.D. 500 and A.D. 1000 no one in
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Western Europe knew much about anything except religion,.
and the knowledge of scientific matters was particularly defi-
cient. The learned monk would know how to do simple arith-
metic in Roman figures, and could give a bare outline of some
part of the traditional Greek astronomy; he would, however,
have a good knowledge of the theory of the calendar, and, if
he was inclined to the study, a certain amount of traditional
medical science, partly folk-knowledge, partly traditions of
Greek medicine, partly white-magic or superstition. His book-
knowledge of plants and animals was chiefly from the latest
and worst Greek tradition of moral stories about beasts and
plants. But the study of science was not the primary purpose
of a monk; rather was he concerned to set up and maintain
some standard of religion and decency among savage, treacher-
ous, and ignorant barbarians.

Culture in the East

Alexandrian scientific learning survived in a rather un-
practical and scholarly form for many centuries. Much, if not
all, of its knowledge was in the possession of the scholars of
Byzantium, so when the followers of Mahommed swept over
Egypt in the seventh century, and finally conquered all North
Africa, Sicily, most of Spain and much of Syria and the Middle
East, Greek learning was not lost. The Moslems at first showed
a natural intolerance of ‘infidel’ learning, but within a century
they were already gaining a respect for it, and soon were most
anxious to gain for themselves all its treasures. Despite this
respect, most of the great men who wrote in Arabic were not
Arabs, but Nestorian Christians, Jews, or Persians. It seems
then that between A.D. 500 and 600 many of the important
Greek works were translated into Syriac, and were later trans-
lated into Arabic, so that by A.p. 850 the Arabs possessed
translations of Aristotle, Euclid, Ptolemy, Galen and many
other authors. Their level of culture in subsequent centuries
rose far above that of Europe. They had universities, hospitals,
fine libraries, observatories, large and flourishing cities with all
the refinements of luxury; and they regarded the ‘Franks’ with
no little contempt. Finally the Arab culture produced a
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number of great encyclopadists. Such men as al-Rézi (Rhazes)
and Ibn Sind (Avicenna) wrote on almost every department
of human thought. It may be their example that led to the
writing of so many encyclopedic works on the sciences
in Europe,—an unfortunate result, for he who seeks to
know all that is known has little time to advance knowledge.
Chemistry—both pharmacy and alchemy—was a favourite
study, and, although the greater part of Arab chemistry re-
mains untranslated, we know enough to see that they prepared
many substances, e.g. borax, sal-ammoniac, and the mineral
acids, with which we suppose the Greeks to have been un-
familiar.

Arab culture in general followed the lines of the Greek,
though in some fields, such as mathematics, going consider-
ably beyond it. Their mathematics seem to have derived
from other sources also. Only one Greek author, Diophantos,
wrote on what we now call algebra, and he may well have
taken his ideas from some eastern source. The Babylonians
knew the principle of solving simple and quadratic equations,
and it is quite likely that this knowledge reached Islam by way
of the Sabzans who dwelt in the northern part of Syria and
preserved much of the Babylonian culturc. The Arabs also
received mathematical knowledge from India, whence came
what we call the Arabic numerals, and the use of sines in tri-
gonometry. The most famous Islamic mathematician was
Mohammed ibn Musa al-Khwarizmi (c. 825). He wrote a
book Hisab al-Diabrwa'l-Mukibala concerned with algebraic
calculations and the word ‘algebra’ is derived from the second
word of its title. The Arab mathematicians were the teachers
of Western Europe up to the sixteenth century.

Arabic astronomy was more practical than the Greek. A
great many stars were named and catalogued; they were better
instrument-makers than the Greeks and more accurate
okservers, but they made no advance in principles over
Ptolemy, whose work, known to them as the Almagest (greatest
of books) was the foundation of all their theory.

Islamic geographers, of course, ranged much more widely
than the Greek, but they still clung to the errors of Ptolemy
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Natural hustory about A.D. 1170. The mimature illustrates the crocodile

and the hydrus or water-serpent, a dweller in the Nile. The hydrus lay

in wait and contrived to be swallowed by the crocodile. It then devoured

the crocodile’s vitals and escaped. The crocodile 1s taken as a symbol

of Hell and the hydrus of our Lord. (British Museum. Royal MS.
12.C. xix. f. 12. v.)
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Natural history about a.p. 1150. The upper drawing shows the

antelope, who can only be caught by causing him to entangle his

horns 1n a tree. The lower drawing shows the unicorn or rhinoceros

who can be tamed and subdued by a virgin. (British Museum,
Add. MS. 11283. f. 3. v.)
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in many matters, such as the form of India, of which they
could have had accurate knowledge.

Arabic physics was a considerable advance on that of the
Greeks, as we know it,—though much of their work has been
lost. The excellence of their craftsmanship and their mathe-
matical aptitude stood them in good stead. Al-Biruni, the
great geographer, did some accurate and delicate work on
specific gravities, which was not equalled before the time of
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Galileo. 1bn al-Haitham, known as Alhazen, published a work
The Treasury of Optics which was very influential in Western
Europe and was not improved on until the sixteenth century.

Arab medicine and biology show acute observation and
report many phenomena that the Greeks did not observe.
Medicine was hampered however by their religious objection
to dissection, without which no great progress could be made.
The Arab surgeons were skilled operators and invented a
number of instruments.

The Revival in the West

From the time of Charlemagne (c. A.n. 800) we must think
of the great nations of Europe taking shape gradually and
acquiring more stable government and structure. More and
more religious houses were founded, and as there came to be
more learned men and more contact between them, so enthu-
siasm for learning grew. The first centres of learning were the
monasteries; but the true function of a monk is not to teach
but to pray, and a great step towards universal knowledge
was taken when the first Western universities were founded,
from about A.p. 1000. Much the carliest was the medical school
of Salerno in Italy, but the most influential was the University
of Paris, which began near 1100 as a school of logic and was
recognised as a University about 1150-70. Oxford dates from
before 1200 and Cambridge from a little after.

The twelfth and thirteenth century saw a great revival of
learning and produced some of the world’s greatest men and
books. Its strength was in philosophy rather than in science,
but even here a level was reached which was not surpassed in
seven centuries before the or centuries after.

The keynote of the revival was the rediscovery of some part
of Greek learning, most of which had long been unknown to
the Western World. The European scholars came to know that
the Arabs possessed these treasures. At places where the Arab,
Greek, Jewish and Latin culture met, e.g. in Sicily and Spain,
Latin translations of Greek texts, some directly from Greek
but more from Arabic versions, began to be made in the
twelfth century; and early in the thirteenth century Europe
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possessed a great part of Greek learning in a form somewhat
ruffled by translation from Greek to Syriac, and thence to
Arabic and Latin (sometimes perhaps with Spanish as a
further intermediary). There were very few Western Euro-
peans who knew Greek, but by these a small number of trans-
lations were made from Byzantine MSS. direct into Latin.
The most important things that were recovered were the works
of Aristotle, of which but a fragment was previously known.
Here was a wonderful philosophy and system of knowledge;
and at the same time Christianity provided a perfect system of
doctrine. It was the task of the thirteenth century, especially of
St. Albert (Albertus Magnus) and St. Thomas Aquinas his pupil,
to harmonise them into a noble system of Christian philosophy.

Not only the philosophical, but also the scientific, works of
Aristotle were studied, as were those of Ptolemy, Galen, Euclid,
and the great Arabs such as Avicenna; none the less the men
of the age were not really interested in practical science. A
good start towards discovering new facts was made in the
thirteenth century by three original geniuses, St. Albert, Peter
Peregrine, and Roger Bacon, but the men of the later Middle
Ages preferred to study what the earlier authors had said rather
than to use their own hands and eyes.

Albertus Magnus

St. Albert was the best sort of South German, thorough,
painstaking, enormously industrious. He commented on the
greater part of Aristotle’s biology, and he enriched it with his
own knowledge and observations, which he acquired in tramp-
ing over Europe on the business of the Church (he was known as
the Bishop with the Boots). He was the first naturalist since
Aristotle to study insects: he describes whales, mentions the
polar-bear and nearly all the German birds and mammals. He
seems to have made practical experiments in alchemy. He had
a gift for rejecting the fabulous, and above, all he understood
that Nature is not something to be read of in books, but to be
seen with one’s own eyes. St. Albert and St. Thomas Aquinas
made it clear that learning about other than directly spiritual
matters was desirable. Earlier Saints and theologians had been
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doubtful of this, for they had considered that the only know-
ledge worth having was that which showed the way to heaven;
but the great men of the thirteenth century saw that knowledge
was a whole and that all of it tended to the glory and knowledge
of God. It is an illusion to suppose that the Church opposed
science in the Middle Ages, for almost all the men of science
were clerics. The truth is that but very few of the men of the
time were interested in science, and that nearly all were ex-
tremely concerned with religion, which was the centre of their
lives. The only sciences that they felt they needed were medi-
cine and astronomy. Even medicine was not very important
to them, because they believed that to die well was better than
to live badly; and the chief interest of astronomy was its rela-
tion to astrology—always in favour when life, limb and fortune
are uncertain.

Roger Bacon was very far from being as great in the human
sense as St. Albert or St. Thomas. He had an unfortunate
boastful and abusive manner that made him enemies, but he
seems to have come very near to being an experimental scientist
of the modern type. He evidently had a laboratory at Oxford
and studied lenses and mirrors with great care. There are in-
dications (though no proof) that he had a telescope (p. 65).
There is a tradition that he had a telescope and a burning-
glass in his study, and that the University ordered them to be
destroyed because the students wasted their time in looking
through the telescope, and lighting candles with the burning-
glass. In any event, he lays the strongest emphasis on the need
to perform experiments, and on the value of mathematics in
interpreting nature—ideas that did not come into their own
until more than three centuries had gone by.

There were other experimentalists in this age. Peter Pere-
grine, a Picard who flourished about 1270, wrote a remarkable
little treatise on the magnet and compass, but little else has
survived (p. 64).

The Medieval View of the World

The general scheme of the world in the years 1200-1500 was
based on that of Aristotle. The universe was a sphere within
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which revolved invisible spheres carrying the stars, sun, moon
and planets (Fig. 4). These were the changeless heavens; with-
in the sphere of the moon was the terrestrial and corruptible
region. The carth was a globe motionless at the centre of the
spherical universe. Some, such as Roger Bacon, realised that
this spherical carth could be circumnavigated. Asia, Europe,
some of Africa had been mapped; but America, the Pacific and
Australia were unknown.

Everything was made up of matter and form (p. 25). The
simplest kinds of stufl were earth, air, fire and water, which
could be transformed one into another, but had as a basis a
simple prime matter which could never be obtained from them.
Every kind of matter, if it could be transformed into this prime
matter, could be made into any other kind of matter, but in
practice this could not be done or only in a few cases.

Ordinary matter was not living. Plants had vegetative souls
(i.e. life); animals had vegetative and sensitive souls; man
vegetative, sensitive and rational souls. The heavenly bodies
werc generally considered to be living things, though this was
disputed.

The anatomy of the human body was not ncarly so well
known as in the time of the Greeks. Dissection was not for-
bidden, but it was done in a perfunctory way, simply in order
to show that the outlines of Galen’s teaching were correct.

A notion, really fundamental to the medieval world, but
less important in that of the earlier Greeks, was the idea of
influences.  God exerted a continuous influence upon his
creatures on earth, sometimes directly, but chiefly through the
heavenly bodies, and above all the sun. Every stone, plant,
animal, organ, human being, or nation, was linked with various
heavenly bodies and subject to continuous influence from them.
As these heavenly bodies moved through the sky these in-
Auences were modified. Plagues and pestilences were caused by
th