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The history of science is the real history of mankind.
— Du Bois-REymonbD.

Those who try to understand the deeper meaning of science itself and
its connections with other subjects of human thought and activity must
know something of the story of its development. — DAMPIER.






Preface

The present book, while in part a revision of Sedgwick and
Tyler’s Short History of Science (Macmillan, 1917), is to a great
extent new. Like the earlier work, it is the outgrowth of a
course of lectures given for a number of years to undergradu-
ates at the Massachusetts Institute of Technology.

Doctor Sedgwick having died some years after the publica-
tion of the first edition, the surviving author undertook the
preparation of a revised edition and invited R. P. Bigelow,
who had taken part in the lecture course, to share the editorial
responsibility in codperation with colleagues versed in other
fields. The intervening years have heightened the apprecia-
tion of the enormous difficulty of the undertaking. On the
other hand, the increased interest in the subject, as exemplified
in college orientation courses, and the absence of a textbook
of similar scope and aim have seemed to justify a second edi-
tion. The editors have deliberately abstained from any
attempt to bring the history up to date in such matters as the
new mathematical physics and the advances in the chemical
and biological sciences characteristic of the twentieth century,
since the available literature on these topics is abundant, and
it may be doubted if they are not still too close to our genera-
tion for a just historical perspective.

In this edition, however, the attempt is made to trace
briefly the history of the foundations upon which recent, as
well as earlier, advances were based; to correlate the steps of
progress with the spirit of the time; and to increase the empha-
sis on the evolution of scientific methods. It is hoped thus to
give an impression of continuity in the history of science.

In comparison with the original volume, the space devoted
here to mathematical science has been considerably reduced

vii



viii PREFACE

by the omission of proofs and relatively technical material, as
well as of quotations. This has made possible more adequate
treatment of certain other fields. At the same time it will be
evident that no attempt at completeness is intended. The
selection aims to be typical, and the large space devoted to
mathematics and related subjects corresponds, not merely
with the author’s personal interests, but with the more ex-
tended development of these ancient themes. The extent to
which quotations from various authors are included is due to the
desire to bring some of the general literature of the subject to the
attention of students having insufficient time for wide reading.

A serious difficulty arose from the diverse spelling of many
proper names. Excepting Greek names, it was decided to
follow, as a rule, the usage in Sarton’s indispensable Introduc-
tion to the History of Science, so far as it goes. While the Greek
form is much to be preferred, the Latin form of Greek names
was retained in order to avoid a large number of changes in
the text, and to avoid inconsistencies with quoted passages, in
which the Latin form is used almost invariably.

The present edition has been prepared with the invaluable
assistance of various persons competent in their respective
fields. Substantial contributions have been made by Profes-
sors W. T. Hall and H. W. Shimer, both of the Institute of
Technology. R. P. Bigelow in dealing with non-mathematical
subjects has rewritten entirely or in part several chapters.
Especial credit is due Professor Henry Crew for numerous
amendments proposed after reading the first edition and to
Professor Dirk J. Struik, who read the completed manuscript
and made suggestions that add greatly to the value of the
book. Some of the illustrations have been drawn by Mrs.
Elizabeth Tyler Wolcott, and all have been arranged under
her direction. In this connection, it is unfortunate that space
prohibited greater use of the portraits of mathematicians and
other historical material placed freely at her disposal by Pro-
fessor David Eugene Smith.

Grateful acknowledgment is due to the following publishers
for permission to quote from works listed under their names:
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The Clarendon Press, Oxford — Aristotle’s Works in English
Translation, edited by W. D. Ross.

Harvard University Press, by permission of the President
and Fellows of Harvard College — Vitruvius, the Ten Books on
Architecture, translated by M. H. Morgan; three volumes of the
Loeb Classical Library, viz.: Aristophanes, by B. B. Rogers,
Herodotus, by A. D. Godley, and Lucretius, by W. H. D. Rouse.

Houghton Mifflin Company — The Old Humanities and the
New Science, by Sir William Osler.

The Macmillan Company— History of Science, by Sir William
Dampier; Lectures on the History of Physiology, by Sir Michael
Foster; Founders of Geology, by Sir Archibald Geikie; Short
History of Greek Mathematics, by James Gow; The Copernicus of
Antiquity, by Sir Thomas L. Heath.

The Oxford University Press, London, Sir Humphrey
Milford — Science and Civilization, edited by F. S. Marvin.

The University of California Press — Sir Isaac Newton’s
Mathematical Principles of Natural Philosophy, translation edited
and revised by Florian-Cajori.

The graceful Tyrolean quadrant that ornaments the title-
page is from the collection of Professor Smith and the frontis-
piece is from the same source, obtained by the help of Mr. F. E.
Brasch, formerly Secretary of the History of Science Soci-
ety, with the permission of Ginn and Company and the
McGraw-Hill Book Company. Thanks are due, also, to all
whose permission or codperation has allowed the use of illus-
trations as noted in each case in the text.

In the preparation of this work Doctor Tyler’s connection
with the Library of Congress has been especially advantageous.
Doctor Bigelow has likewise made extensive use of the libraries
of the Institute of Technology, Harvard University, the Boston
Medical Library, Boston Society of Natural History, American
Academy of Arts and Sciences, and the Marine Biological
Laboratory at Woods Hole. The editors have been much in-
debted to the members of the staff in these libraries for many
acts of kindness, and to many other friends without whose
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encouragement this work would not have been undertaken.
May it contribute in some measure to a wider interest in a
boundless field of knowledge, the record of intellectual con-
quests so much more significant and durable than those of
either war or politics.

The last chapter was completed and the greater part of this
preface had been written when a sudden heart failure abruptly
brought the work of Doctor Tyler to an end. Thus left with-
out the wise guidance of a cherished friend, the junior editor
has had the unexpected and onerous task of preparing the
book for publication. He, therefore, must accept responsibil-
ity for any errors or omissions that may appear on the printed
page.

RoBerT PAYNE BiGELOW

Massachusetts Institute of Technology
September, 1939
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Chapter I

CARCHEMISH

The Dawn of Civilization

We shall never get back to the beginning of things, never com-
pletely disperse the obscurity that enshrouds them. — JACQUES DE
MOoRGAN, Prehistoric Man, p. 268.

In science, as in all other departments of human knowledge and
inquiry, no thorough grasp of a subject can be gained, unless the his-
tory of its development is clearly appreciated.

If all history is only an amplification of biography, the history of
science may be most instructively read in the life and work of the men
by whom the realms of Nature have been successively won. — ARrcHI-
BALD GEIKIE, Founders of Geology, pp. 1, 3.

THE ANTIQUITY AND ANCESTRY OF MAN

The history of human culture, in which the history of sci-
ence is an important chapter, reveals at first a very slow growth
with roots in the remote past. In his various biological aspects
man shows evidence of descent from an ancestor related to the
great apes. Many facts suggest a vast area in south central
Asia north of the Himalayan mountains as the place where the
human stem arose. The time when our ancestors became

really human probably could not be stated definitely, even if
3
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all the circumstances were known, for the change must have
been a very gradual one. However, it certainly was com-
pleted before the beginning of the Pleistocene. That geologi-
cal epoch, following the Pliocene and preceding our own Re-
cent Epoch, was distinguished by extraordinary cooling of the
earth. Four times great ice sheets spread southward over lands
of the northern hemisphere, and four times they retreated.
During each of these Ice Ages, distinctive mammals appeared,
some of gigantic proportions, and their skeletons, buried by
dust storms or in the sediments of the swollen streams of the
warm interglacial ages, enable geologists to recognize deposits
laid down in any one age. On other evidence, geologists esti-
mate the length of these ages in years; and the whole epoch is
believed by American authorities to have lasted a million
years ending about twenty-five thousand years ago.

Very early in the Pleistocene primitive men were living in
widely separated localities, probably migrants escaping com-
petition with more progressive races at home. The most prim-
itive of these is the Trinil man (Pithecanthropus) of Java. He
was very ape-like, but recent discoveries (1937) have shown
anatomical features that are distinctively human. There is,
however, no evidence of distinctively human behavior. It is
different with Peking man (Sinanthropus), who inhabited
caves in eastern China at about the same time. He had a larger
brain, and he made tools and fire — activities as distinctively
human as articulate speech. When he learned to kindle a fire
from the sparks that flew as he chipped flints to make his crude
implements, he made the first application of a physical princi-
ple to human needs. Perhaps earlier in time, but with more
modern features, the Piltdown man (Eoanthropus) was es-
tablished in southeastern England in the late Pliocene or earli-
est Pleistocene.

A somewhat later type, of Mid-Pleistocene age, the Nean-
derthal, pursuing the great beasts, overran Europe during the
second interglacial period. Around their camp fires they made
the first completely flaked flint implement, the hand-ax — a
tool characteristic of the Old Stone Age, or Palzolithic. They,
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in turn, gave way during the last Ice Age, perhaps 150,000
years ago, to modern man, Homo sapiens, represented by the
Briinn and Cré-Magnon races. The latter left in numerous
cave dwellings implements of flint and bone, and drawings
and sculptures, showing fine powers of observation and great
manual dexterity.

With the milder climate following the last retreat of the ice
came a long Middle Stone Age (Mesolithic), of several thou-
sand years, when men made peculiar small flint implements.
This was followed by the New Stone Age (Neolithic) with its
polished stone axes and pottery. Somewhat later came the
Metal Ages — (Copper, Bronze, and Iron). These stages of
culture, while more or less world-wide, occurred at different
times in different places in the three main branches of Homo
sapiens — the Caucasian, the Mongolian, and the Negroid.
The American Indians were Neolithic when discovered by
Iron-Age Europeans.

PREHISTORIC MAN

Man is a Tool-using Animal . . . Nowhere do you find him with-
out ToolsT Without Tools he is nothing, with Tools he is all. —
Tuomas CARLYLE, Sartor Resartus.

Turning far backward in imagination, we must think of the
human race as barely superior to the beasts around it. The
passing generations, absorbed in a desperate struggle for exist-
ence, had no history and left no permanent record. Uniquely
equipped at some stage with the power of communicating with
each other by intelligible speech, they gained the priceless ad-
vantage of transmitting the accumulated knowledge of one
generation by oral tradition to its immediate descendants. Suc-
ceeding generations gradually began to leave enduring rec-
ords, at first crude and fragmentary, in the form of tools,
cairns, monuments, drawings, paintings, or carvings on ivory
or rocks, on trees or the walls of caves. Out of this so-called
‘“picture-writing’’ grew, though with extreme slowness, sys-
tems of writing in more or less conventional characters, hiero-
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glyphics or crude alphabets, which it is the problem of the ar-
cheologist to decipher and translate.

We may think of the human race, or each of its divisions, as
passing like the human individual through successive periods
of infancy, childhood, and youth. As the child sees in most
things that happen about him some human or living agency,
so the primitive man imagines in the wind some hidden being
shaking the tree or its leaves, a supernatural being or god
roaring angrily in the thunder.

FIRST STEPS TOWARD CIVILIZATION

Civilization implies a fixed abode and means of recording
and transmitting ideas and information. A fixed abode is
adopted when men give up dependence on hunting as their
main source of food and clothing, and begin to produce food
by the cultivation of plants, notably barley and wheat. The
earliest known evidence of such agriculture has been found in
caves in Palestine (1929-33) containing deposits more than
60 feet deep with indications of periods of human habitation
during an epoch of perhaps 100,000 years from the time of
Neanderthal man to that of the modern Arab. In an upper
layer of Mesolithic age many flint sickle blades and their bone
handles were found, also a stone mortar and fragments of
pestles, as well as small harpoon heads of bone, but no pot-
tery. Besides being fishermen, these people were, at least,
harvesters of grain.

THE “FERTILE CRESCENT”

In parts of the area extending from the delta of the Nile to
the head of the Persian Gulf wheat and barley still grow wild.
During the Late Stone Age this area was occupied by people
who lived in dwellings of wattle or brick, made pottery, and
used copper as well as stone implements, and cultivated wheat
and barley. The southern extremities of the Fertile Crescent,
Egypt, and southern Mesopotamia, with the advantage of a
warm climate, abundant water for irrigation, and most fertile
soil, were among the earliest seats of civilization. Each of them
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retained enduring monuments with inscriptions, but the art
of reading them had been lost before the beginning of the
Christian era.

CUNEIFORM TABLETS

About A.p. 1800 copies of cuneiform (wedge-shaped marks
made by a metal tool in soft clay, afterwards baked) inscrip-
tions from Persian palaces were brought to the attention of
European scholars and in 1847 Sir Henry Rawlinson published
a complete old Persian alphabet of 39 characters. The Em-
peror Darius (521-485 B.c.) had had a record of his victories
cut into rock in each of the three languages of his empire (Be-
histun inscription). To him and to Rawlinson scholars of to-
day owe their ability to read the records of Assyria and Baby-
lonia.

In the ruins of ancient Nineveh, about A.p. 1850, there were
found by Layard and his associates more than 20,000 tablets
of baked clay with cuneiform inscriptions from the library of
the Assyrian King Assurbanipal. In studying these Rawlin-
son found in a still more ancient language than that of the
Assyrians, an account of the earlier civilization of Sumer and
Akkad, an unsuspected vista of human history, reaching back
towards the very dawn of civilization.

SUMER, AKKAD, AND ELAM

The Sumerians inhabited the region at the head of the Per-
sian Gulf about the mouths of the Euphrates and the Tigris.
To the north where these rivers converge was Akkad, inhab-
ited by Semitic population long before the first dynasty of
Babylon. To the east of Sumer was Elam, with Susa as its
principal settlement. Here in 1891 French excavations re-
vealed pottery of extraordinary thinness and beauty of design.
Since the World War, Mesopotamia (Irak) has been more ac-
cessible to exploration and the results achieved by archeolo-
gists have cast a new light on the beginnings of civilization.
The Sumerian social, religious, and legal ideas, the language,
script, and art are said to have ““dominated the whole valley
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of the Two Rivers for three millennia; long after the Sumerians
had lost their national identity and their language was dead
was the cultural edifice they had reared imposed upon and
accepted by their conquerors and neighbors . . . a study of
Asiatic prehistory must begin, where history begins, in Sumer”
(CHILDE).

The Sumerians cultivated the date-palm and reaped grain
with stone sickles; they used boats and copper-headed har-
poons. Their pottery shows the use of the potter’s wheel and

@ [
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F1G. 1. — SumERIAN P1cToGRAPHIC SCRIPT ON CLAY TABLETS OF JEMDET NaSR,
¢. 4000 B.c. a, the word for * ass; >’ b, this sign combined with the sign for
“ mountain > is read ‘ horse ” (mountain ass). After Langdon, Oxford Cunei-
form Texts, 7, 19. Permission, The Clarendon Press, Oxford, publishers.

there is evidence of wheeled vehicles. They built houses and
temples of clay, wrote on soft clay tablets, and adopted the
use of seals for personal identification. Tablets found in their
temples contain the earliest known picture-writing and a well-
developed numerical notation. In the ruins of a nameless city
burned before 3500 B.c. have been found clay tablets with
writing pictographic in form, but with phonetic signs com-
bined to form words, showing the first steps in the evolution of
the cuneiform from the previous picture-writing.

THE DAWN OF HISTORY

History begins when written tradition can be verified by the
study of contemporary monuments. Such a monument is a
stone tablet from the foundation of a temple at al-Ubaid. The
builder of the temple inscribed here the name of his king, the
same to whom late Sumerian tradition attributed the found-
ing of the first Dynasty of Ur. The time when this first histori-
cal dynasty ruled Sumer is believed from recent studies to
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have been from about 3150 to 3000 B.c. This early dynastic
period was distinguished from the prehistoric by its exceptional
wealth. Thus arose a civilization which, in spite of temporary
political or military reverses, dominated Western Asia for
more than a thousand years. Its influence is still felt in the
daily life of all civilized people. Any account of other early
civilizations in India and China lies outside the range of this
book, but something must be said of Egypt and the ZAgean.

PREHISTORIC EGYPT

History begins in Egypt with the first Pharaoh, called
Menes, who united Upper and Lower Egypt in one kingdom.
This event is attested by written documents confirmed by an
inscription on the ‘““Palermo Stone.” The estimated date is
about 3360 B.c. Egypt is the creation of one great river, the
Nile, as Sumer and Babylonia were of the Euphrates and the
Tigris. Rising in lofty snow-mountains far to the south, the
Nile cuts a deep trench through the desert of northern Africa
on its way to the Mediterranean. Boundaries were fixed by
nature in the deserts east and west, the cateracts of the Nile to
the south, and the Mediterranean at the north.

The period just before the time when the two kingdoms
were united is called Predynastic. It stretches back toward a
Mesolithic culture of unknown date. During the late Pre-
dynastic period flint was the chief material for implements and
weapons, copper, gold, and silver were in use, and excellent
pottery was produced. Of particular interest to archeologists
are the remarkable parallels at this time between Egypt and
Sumer.

Sumerian civilization, whatever its ultimate origin, had developed
in its own country and on its own lines for so long that it could fairly
by now be called endemic while that of Egypt was inspired and made
possible by the introduction of foreign models and foreign blood.
The character of the borrowings and the proximity of the superior
culture leave no alternative source for the influence which affected
Egypt at the close of its predynastic age; directly or indirectly that
came from southern Mesopotamia. — C. L. WooLLEY, The Sume-
rians, pp. 187-188.
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HIEROGLYPHICS: THE ROSETTA STONE

In 1799 a French officer found near the mouth of the Nile a
slab of basalt about four feet by three with inscriptions in
Greek and two forms of unknown Egyptian characters. Copies
of the inscriptions were distributed for study, while the stone
itself found its way to the British Museum where it may still be
seen. Thomas Young (1773-1830) showed the order in which
the unknown characters — hieroglyphics — should be read,
and recognized their syllabic and alphabetic significance.
J- F. Champollion (1790-1832) finally succeeded in 1822 in
publishing a full Egyptian alphabet with values of many syl-
labic signs.

THE AGEAN, OR MINOAN, CIVILICATION

The center of this civilization was discovered in Crete by
excavations of Sir Arthur Evans and others begun in 1900, the
name Minoan being derived from Minos, in Greek tradition
the greatest king of that island. In the ruins of the palace at
Cnossus finally destroyed about 1200 B.c. have been found re-
mains of a culture perhaps the finest flower of the Bronze age,
the germs of the Greek civilization. The Minoans left numer-
ous records, but in the absence of any bilingual inscription it
has not yet been possible to decipher them. There is evidence,
however, of trade with Egypt and the study of objects of Egyp-
tian origin makes it possible to correlate the phases of Minoan
civilization with known dates in Egyptian history.

. . . From whatever point of view one considers the basin of the
Agean, it accentuates with remarkable force the features which dis-
tinguish the Mediterranean in its entirety and thereby appoints itself
the cradle of the aforesaid civilization. What strikes one elsewhere
in great countries of the East is hugeness and uniformity; produc-
tion, power, and even beauty are all matters of quantity. Here, the
continual diversity of nature leaves no room anywhere for large ag-
glomerations of plants, animals, or men. Here is the triumph of au-
tonomy and individualism, the free blossoming of natural gifts, with
no other restriction than the necessity of a harmonious organiza-
tion.— G. Grotz, £gean Civilization, p. 12.
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HISTORICAL PERIODS IN THE ANCIENT EAST

There are three great periods in Egyptian history. The Old
Kingdom or Pyramid Age, 3000-2475 B.c. — is a period of ex-
traordinarily rapid progress in the control of mechanical
power. The second, Middle Kingdom or Feudal Age, 2160-
1788 B.c. — is a period of intellectual advance and of foreign
commerce. Libraries of papyrus rolls were assembled and
ships navigated the Zgean and Red Seas. The third period,
the Empire or New Kingdom, 1580-1150 B.c. — was a time
of great buildings and of foreign conquest.

Of the pyramids some 80 are more or less completely pre-
served. The largest of these royal tombs, that of Cheops from
about 2600 B.c., is 493 feet in height and 775 feet square. The
four sides correspond with the points of the compass and a
shaft in the pyramid was directed to the pole star of that pe-
riod, while another shaft was at such an angle that Sirius at
its culmination shone on the sarcophagus within.

In the small fraction of Egyptian literature which has come
down to us works of pure imagination are rare; art, science,
and literature were subordinated to religious and utilitarian
purposes. Authority, discipline, honesty are fundamental.
The monumental works of architecture and engineering, pyra-
mids, obelisks, statues, temples, dikes, and irrigation works
afford ample evidence of technical competence and of skill in
elementary mathematics. Metal work, pottery, enamel, and
colored glass; the mummification and dissection of bodies tell
a similar story in other fields. But speculation and investiga-
tion are missing.

ﬁé‘bmical power of the Sumerians so long dominating
the Fertile Crescent was crushed by Amorites and Elamites,
the former founding an empire with a capital at Babylon, in
which however Sumerian culture and literature survived. The
reign of Hammurabi (1948-05) was distinguished by a high
degree of organization and prosperity. The next great period
in the history of Western Asia is due to the Assyrians, a Se-
mitic tribe east of the Tigris which had absorbed the elements
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of Sumerian culture and in 732 B.c. captured Damascus and
reached the Mediterranean. Under Sargon and his successors
the Assyrians conquered the entire Fertile Crescent destroy-
ing Babylon and establishing a new capital at Nineveh. The
last great period of Semitic dominance was that of the Chal-
deans with their capital at restored Babylon, until conquered
by Cyrus of Persia 539 B.c.

WRITING AND THE ALPHABET

The invention of writing and of a convenient system of records
on paper has had a greater influence in uplifting the human race
than any other intellectual achievement in the career of man. —
J. H. BrEAsTED, Conguest of Civilization, p. 53.

While Sumer was the cradle of writing we are indebted to
Egypt for papyrus. Primitive forms of writing have of course
appeared elsewhere, but it is in these two lands that we find
the beginnings of our own alphabet. Writing was at first pic-
torial, then became linear, and from this there developed the
cuneiform in Sumer, hieroglyphics in Egypt, letters in Phoe-
nicia, Syria, and Greece.

The earliest Sumerian writing is pictorial with conventional
signs representing ideas not words. Thus the picture of a hu-
man foot meant “foot,” ‘“‘go,” ‘“‘stand,” or with additional
strokes ‘“hasten,” ‘“carry,” ‘“‘foundation.” By about 3150 B.c.
the evolution from pictograph into cuneiform was complete.
The signs were largely syllabic, each representing a vowel withe
one or two consonants. The system was adopted by other peo-
ples to their own languages and its use was continued in Baby-
lonia, Assyria, and Chaldea. Even the oldest known Hebrew
inscription is cuneiform.

In Egypt a linear script scratched upon slate indicates a
probable relation with Sumer preceding the introduction of
hieroglyphics. Egypt shows before and during early historic
time considerable evidence of artistic and religious influences
from Sumer; though differences in environment naturally led
to gradually increasing divergence. In Egypt, for example,
building stone was abundant while in Sumer the use of brick
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and clay tablets was general. Along the banks of the Nile grew
the papyrus reed, from which cut into long thin strips the
Egyptians could make a smooth, tough, yellowish paper. On
this it was easy to write with a reed pen dipped in ink made of
soot and water thickened with gum. About 3000 B.Cc. the
Egyptian hieroglyphics had reached their final form, in which
24 consonants were included. For ordinary business the writ-
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Fic. 2. — AN ExampLE oF HieraTic WRITING. Papyrus of Hor-djeser-hou I-
em-hotep, Ptolemaic period (332-30 B.c.). Courtesy of the Metropolitan Mu-
seum of Art.

ing was in a running hand called hieratic. The Semitic peoples
at the eastern shore of the Mediterranean in contact with
both Egypt and Mesopotamia used Egyptian papyrus and an
alphabet of 22 signs, each representing a single consonant —
the vowel sound for reading being indicated by the context.
Their priceless gift of this simple method of writing was
carried by the seafaring Phcenicians to the Ionian Greeks
about 900 B.c. By the Greeks vowels were added and from
their alphabet of 27 letters the Latin and thence our own have
been derived.
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Chapter 11

Science Begins in the East

The oldest known treatise on surgery . . . written in Egypt nearly
5,000 years ago, discloses to us the thoughts of the earliest man who
reveals a scientific attitude of mind. This treatise is therefore the
earliest document in the history of science. — BREASTED, Science, 74,
641, Dec. 25, 1931.

It is one of the lessons of the history of science that each age steps
on the shoulders of the ages which have gone before. — S1r MIcHAEL
FostER, Lectures, 1901, p. 300.

BEGINNINGS OF SCIENCE

A history of science might be based on some more or less
logical system of definitions and classification. Such systems
and such points of view belong to relatively recent and mature
periods. Science has grown without much self-consciousness
as to how it is defined, without any great concern as to the dis-
tinction between pure and applied science, or as to the bound-
aries between the different sciences. .

The periods at which primitive man of different races began
to have conscious appreciation of the phenomena of nature, of
number, magnitude, and geometric forms can never be known,
nor the time at which their elementary notions began to be so
classified and associated as to deserve the name of science.
Very early in any civilization, however, there must obviously
have been developed simple processes of counting and adding,

of time and distance measurement, of the geometry and arith-
15
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metic involved in land measurement and in architectural de-
sign and construction.

PRIMITIVE COUNTING AND NUMBER SYSTEMS

There is no language without some numerals, though in ex-
treme cases the range may be merely one, two, many (i.e., more
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F1c. 3. — ARcHAIC SUMERIAN NUMERALS FROM JEMDET NASsR, ¢. 4000 B.c. 4,
ordinary system; B, grain; C, land measure. After Langdon, loc. cit., 63-67.
Permission, The Clarendon Press, Oxford, publishers. )

than two); and for most of us such a word as million is nearly
equivalent to an innumerable multitude. The process of
counting is naturally facilitated by the use of fingers and toes
as counters, their number 10 being the well-known anatomi-
cal basis for our decimal number system. Thus the word digit
is derived from the Latin word digitus, meaning finger. The
mathematical advantage of 12 as a base conveniently divisible
by many factors has often been pointed out, but the choice
unfortunately had to be made long before its real significance
could possibly be apprehended. Vestiges of the use of 5 and 20
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are familiar; the former, for example, in the Roman numerals
IV, VI, etc., the latter in such expressions as * three score and
ten.”

The earliest known numerals are those found in Sumer,
Elam, and Egypt. Among the former are accounts of temple
revenues using both sexagesimal and decimal systems.

From these archaic systems were developed the cuneiform
numerals of Babylonia and Assyria. The earliest Egyptian
numerals from about 3400 B.c. are straight marks for small
numbers with a special sign for 10. Later signs were made for

((Y Y =104+10-1=19

Q/Y m = 10410410 + 10 — 3 = 37

Fic. 4. — CunErForRM NUMERALs. After Smith and Ginsburg, Numbers and
Numerals, p. 16. Permission of Professor W. D. Reeve, Teachers College, Colum-
bia University, and by courtesy of Professor David Eugene Smith.,

100, 1,000, and 10,000. The system was purely decimal. It is
difficult for us to realize the extent of our indebtedness to the
comparatively recent so-called Arabic — or more properly
Hindu — notation, in which numbers of whatever magnitude
may be expressed by means of only ten symbols.

ANCIENT WEIGHTS AND MEASURES

Measurement, fundamental in science, had had its origin
in trade and construction. The values of weights and measures
in the Ancient East are known either from the actual instru-
ments or fr