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PREFACE

In the following pages | have tried to tell the personal story,
and to convey some of the historical motives, at the back of
the great sixteenth-century revolution in man's outlook on the
Universe. | hope the book may be of interest, not only to
astronomers and to students of the history of science, but also
to the general reader desirous of tracing back to their sources
some of the scientific ideas which have helped to shape mod-
ern thought.

It is impossible to treat a great thinker like Copernicus in
isolation from. the intellectual tradition which he inherited,
or from the age which felt the first impact of hisideas. | have
therefore felt obliged to devote a considerable proportion of
my allotted space to explaining the origin of the situation in
which Copernicus played his decisive part. The first dozen
chapters, making up Part One, have accordingly been planned
to show how the ol d-time system of the world, and the princi-
ples on which Copernicus refashioned it, were alike condi-
tioned by ideas which had developed from ancient times. On
the other hand, the last dozen chapters, constituting Part Three,
are intended to round off the present study by sketching the
transformation and triumph of the Copernican theory during
the century following its publication. | hope therefore that
the book may be found to provide not only an adequate ac-

IX



PREFACE

count of Copernicus and his achievements, but adso an intro-
duction to the history of astronomy in its wider aspects.

| desire to thank the British Museum for the use | have
been allowed to make of the Reading Room during the prep-
aration of this book; aso for kind permission to reproduce
the illustrations forming Figs. 8, 10, 16 and Plates | 1, I 1,
IV, V, VI from works in the possession of the Museum. The
Mundus Publishing Association Ltd. kindly provided me with
the photographs for Plates | and V I | ; and | am grateful to
Prof. Charles Singer and the Clarendon Press, Oxford, for
leave to reproduce Fig. 8.

While | assume full responsibility for any errors or omis-
sions in this somewhat experimental book, | feel deeply in-
debted to Dr. Edward Rosen of the College of the City of New
Y ork who kindly read through the typescript and made valu-
able criticisms and suggestions. Lastly, | would offer my thanks
to Miss Doris Meyer for drawing the diagrams and the map,
and to the Publisher, Mr. Henry Schuman, for his advice and
encouragement throughout the preparation of the book.

December, 1946 AA.
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1. Introduction

Thegreat river Vistula, asit windsits way towards the Baltic,
flows through the town of Torun, now in Poland, but shown
on the older maps under its German name of Thorn. In that
town wasborn, in theyear 1473, the man whose life and wor k
form the main subject of this book—Copernicus the astrono-
mer. Torun, in hisday, stood on the boundary that divided the
Poles from the Prussans. Thus Copernicuswas born at a mest-
ing-place of two peoples with whose interwoven fortunes his
own destiny was to be closdy linked. He was born, moreover,
at one of the turning-points of history, the great watershed
that divides the medieval from the modern period. Andhere
too he belonged to both worlds, the older world that was then
passing away, and our own age that he helped to bring into
being.

For Copernicus must be reckoned as one of the founders of
modern stience. It was he who revealed to us in its broad
outlines, the plan upon which the Universe is constructed, or
at least that part of the Universe which is of most immediate
interest to us. Copernicus taught us in fact, how our Earth
isrelated to the Sun, the Moon and the other heavenly bodies
which are our nearest neighbors in space, and the most con-
picuous objects in the sky. He did this in the course of an
attempt to account for the mysterious movements of the
heavenly bodies, which had awakened men's awe and curiosity
all down the ages. The solution of this problem was, in fact,
hislifework.
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In the days when Copernicus lived, everybody believed
that the Earth was fixed at the center of the Universe, and
that the heavenly bodies, including the Sun, all went round
theEarth in circles. Copernicus, on the other hand, maintained
that the Sun was fixed at the center of all things, and that the
Earth, itself a heavenly body, revolved round the Sun once
in a year. The other neighboring bodies, he supposed, also
made circuits round the Sun, not, indeed, in a year, but each
in a period of its own. He further asserted that the Earth
turned completely round on itself once in a day.

We are all convinced today that the solution put forward
by Copernicus was on the right lines. But his views were not
accepted immediately he put them forward. For other thinkers,
long before his time, had tackled the same problem. In fact,
we must emphasize right from the start that the great con-
tribution made by Copernicus to the rise of modern thought
was of the nature of a choice rather than of a discovery of
something new. Oneor two of the earlier thinkershad, indeed,
proposed the same solution as he proposed. But the great ma-
jority of them took the common-sense view that the Earth is
fixed at the center of the Universe just because that is how
things appear to us. And s, as we have said, that was the be-
lief that prevailed in the days of Copernicus. Around that
belief there had been built up a great sysem of scientific and
religious thought which was generally accepted throughout
Christendom.

We cannot hope to understand the life and achievements
of Copernicus unless we take account of that sysem of
thought. For on the one hand it was the tradition in which he
was brought up and from which he started out, and whose
prgudices he never entirely outgrew. He was indebted to it
4



INTRODUCTION
for hisknowledge of the factswhich hewasgoingtointerpret
in a new way, for his methods of work, and for the ideds
which he st himself to achieve. On the other hand, Copernicus
was aso arebel againg the traditional view of the world,
whose supporters long continued to fight againgt his idess.
In fact it was not until about a century and a half after the
death of Copernicus in 1543 that the Earth-centered Universe
of the ancientsyielded placeto therival Sun-centered Universe
which he had conceived.

Hence this book falls naturally into three parts. We have
first to explain how the specia problems that concern us here
arox in the wider setting of the human epic, and how they
were treated down to the time when Copernicus tackled them.
This will occupy Chapters 11 to X11. Next in Chapters. X111
to XX X111 we shalt tell the story of the life of Copernicus,
so far as the particulars have come down to us. We shall dso
give agenera account of the basic ideas st forth in hishistoric
book. Lastly, in Chapters X X X1V to XLV, we shall follow
the principal sages in the establishment of the Copernican
sysem of the world down to the age of Newton, noting, in
conclusion, itswider significancefor our own day.



2. The Human Adventure

M an has been living on the Earth for upwards of a quarter of
amillionyears. During aimost thewhole of that time, hislife
was one continual struggle to keep himself alive and to rear
his young. Human development has not everywhere followed
the same uniform course. But, generally speaking, man began
by feeding on the fruits and roots that grew around him, and
that could be had for the gathering. Or he hunted wild beasts
for food to eat and for skins to cover his nakedness. He lived
in caves and traveled in small bands of his kind with no more
belongings than he could easily carry.

Then some time about ten thousand years ago, in certain
parts of the world, man began to find out how to secure the
food he needed without having to use up all his time and
strength in doing it. He learned how to grow plants good to
eat, and how to keep tame animals to provide him with fresh
meat and milk. Thus, over large aress of the Earth's surface,
he exchanged the wandering existence of the hunter for the
more settled life of the shepherd or farmer.

This marked the beginning of man's rise from savagery to
the position he holds in the world today. For shepherds and
farmers can produce more food than they themselves need.
There is thus a surplus of food; and this can go to feed other
people who, because they are not obliged to feed themselves,
can spend their time and strength doing or making other
things. It is these "other things" which have done so much to
enrich man's life, and to raise it above amerely animal level.
6
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Foremost among these things, we must reckon tools, made
at first of stone, later of metals extracted from natural ores
by fire. Tools enabled man to do many things that he could
not have done with his bare hands. At the same time, he
learned to employ mechanical aids such as the wheel and the
lever. He began to use materials, making bricks and building
houses to live in, making pottery and glass vessels to hold his
food and drink. He learned to spin thread and to weave cloth,
towork in leather, bone and metal, and to practice many other
arts. Some men devoted themselves to particular trades, such
as that of .the blacksmith, so as to acquire greater skill in this
way. One community would obtain anything it lacked from
another community by peaceful exchange or by force. It be-
came profitable to set men free from food-producing to engage
in trade and war.

. Among the most effective tools of early man, we must in-
cludewriting-instruments.Writing hasenabled hi mto accumu-
late knowledge beyond what he could merely remember and
pass on to the coming generation by word of mouth. And
writing is an aid to reckoning; without it, mathematics, and
the sciences based upon it, could scarcely have come into being
a all.

However, at some early stage of his development, man
seems to have become conscious of the mystery of the world
around him. He began to have a sense of haunting presences,
calling him to account, but perhapswillingto help himin his
struggle for life. Man pictured the various forces of nature—
storm and sunshine and the life of the growing grain—as
beings like himself, only much more powerful. He felt that
his welfare depended upon their goodwill. And he believed
that if he performed certain magic rites, these beings could be

7
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persuaded or compelled to bless his crops and flocks and other
personal concerns.

This belief led to another dass of men being st free from
food-producing for special duties. Besides the craftsmen and
the merchants, there were the priests whose task it was to
manage the relations of the community with the unseen world.
It was the priests, too, who first had the leisure to make up
elaborate stories with which to satisfy men's curiosity about
theworld around them. " Man doth not live by bread only;"
and out of the crude magic of an earlier day there grew up
increasingly refined forms of natural religion. These satisfied,
in some measure, the spiritual needs of man's nature, until,
in the fullness of time, they gave place to something better.
- However, so far as the schemes for controlling events by
magic wer e concerned, men have learned from bitter experi-
ence that nature does not work in that way. Things do not
happen in theworld as if at the bidding of capricious sprites,
but in an orderly manner, asif in deferenceto fixed lawswhich
haveto beobeyed. Night followsday; the ssasonspassin due
-successon from seedtime to harvest; the events of human and
animal life form a regular routine. The discovery of this
essential orderliness of nature marks the beginning of what
we call science. Once men have reached the scientific stage of
development, they realize that success in living does not de-
pend upon coaxing or forcing nature to do what we want. It
depends upon under standing nature's laws, and in making use
of them to serve human purposes. That isthe principle under-
lying all the great inventions—steamships, airplanes, radio
and so forth—which loom so large in thewor Id today.

-Besdes ministering to our comfort, science also serves to
satisfy certain needs of the human spirit. It helps us to under-
8



THE HUMAN ADVENTURE
stand the world and to feel at homein it. We are distressed
by disorder, and dwaystry to arrange in order thethingswith
whichwe haveto deal, whether they arethe affairs of anation,
the books in a library, or our own idess. Sdience satisfies us
because it shows us that, behind the transient and confused
pageant of nature, there is a permanent and orderly reality.
And it wasin the ky that this order wasfirst revealed to men
on avast and spectecular scae.



3. The Face of the Sky

W hen men first began totakenoticeof thewor Id around them,
they must have been tremendously impressed by what they
saw in the ky. It isno wonder that they made gods of the Sun
and M oon, and worshipped the host of heaven. But soon they
began asking what were the rules according to which the
heavenly bodies move, and why they behave as they do. All
down the ages men have tried to find answers to these ques
tions. In the following pages we have to tell the story of one
man who gave the most satisfying answer of any down to his
time. His work served as a foundation upon which a great
part of the modern science of the heavenly bodies has been
built.

The lapse of ages makes but little difference to the face of
the sky. It appears the same to us today as it did to our fore-
fathers. What they knew about the heavens, we can easly re-
discover for oursdves. And it will help us to understand the
matters with which we shall be concerned in the following
pages if, at the outset, we get a clear idea of what astronomy
isall about.

L et usimagine, then, that we are standing upon somehill or
watchtower viewing the heavens on a cloudless night. We see
the garsaspointsof light against the dark blue background of
the sky. We noticethat they differ one from another in bright-
ness, and that they areirregularly arranged so asto form sar-
groupswhich are called constellations, and which reappear in

the sky night after night. Perhaps we learned to recognize
10
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ome of these in childhood—the Dipper, Orion or the Pleiades.
They received their namesin early times after the heroes, mon-
gersor familiar objects they were thought to resemble.

If we continued to watch the sky for some time, we should
discover that the dars generally rise in the esd, pass across
the ky, and st in the west, exactly as we s the Sun do every
day. If we observed very carefully, we should discover that
the gars behave as if they werefixed to the inner surface of a
huge sphere which is slowly turning round with us at the
center (Fig. i) . The earth on which we are standing seams

'PI

FIG. |. THE SPHERE OF THE SKY

The apparent turning of the sphere of the sky about its two opposite
poles P and P' makes the star S appear to the obsarver O to rise above
the horizon a A and to s at B.

X1
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roughly like a flat surface stretching out in all directions and
cutting the sphere of the ky in a great circle which we call,
the horizon. Half of the sphere is under our feet and hidden
from view by the Earth; and a star comes into view when the
turning of the sphere brings it above the horizon. The sphere
of the ky makes rather more than one complete turn in one
day, so that each sar rises about four minutes earlier than it
did the day before. That explains why we do not always se
the same dars at the same time of night throughout the year.

The gars provide us with a permanent background against
which we can discover and measure the motions of other
bodies. For example, if we observe the M oon night after night,
we notice that sheis near different sars on different nights. In
fact, while she shares with the gars in their daily rising and
setting, she also describes a complete circuit of the heavens
againsgt the background of gars, taking about a month to doit.

The garsfill the ky in the daytime aswell as at night; but
we cannot see them then because of the glare of the Sun. If,
however, we could see the Sun againgt the background of sars,
we should discover that he too, like the Moon, travels slowly
round the heavens, completing his circuit in one year. This
causss him to lag a little behind the gtars in the daily motion
of rising and setting. And as we measure our day by the Sun
and not by the gtars, this lagging of the Sun explains why the
sars, as we saw, appear to rise four minutes earlier each day.

If we kept up our watch on the ky night after night, we
should notice several objects that look like bright gtars but
arenot. They differ from sars by traveling dowly and rather
irregularly round the Ky from one constellation to ancther.
These bodies, like the Sun and M oon, ordinarily move slowly

from west to east, completing the circuit of the ky each in its
12
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own period of revolution. But sometimes they stop and travel
a littleway from eas to west before resuming their eastward
journey. These are the "wandering sars' or planets. The
ancients recognized five of them; and they named them, as we
still do, after their divinities; Mercury, Venus, Mars, Jupiter
and Saturn. ,

This was about as much as our primitive forefathers were
abletofind out concerning the heavenly bodies. And it roughly
represents the extent of astronomical knowledge among sav-
ages in the world today.

Let us take one more look at the discoveries we have just
described. We notice that they are almost all concerned with
events that happen over and over again at regular intervals
of time. The daily rising of the Sun is an obvious example;
we have had other instances of the same sort of thing in the
monthly circuit of the Moon and in the yearly circuit of the
Sun. We call such an event, repeated at regular intervals, a
recurrence; and the interval after which it happens again we
call its period.

Early astronomers were very interested in such recurrences,
because they served, and still serve, to measure the lapse of
time. In the beginning there was no such thing as a calendar;
and without a calendar it would be impossible to know exactly
when to sow the crops upon which the life of the community
depended. It would be impossible to keep historical records,
or to celebrate rdigious festivals at the right time every year.
So early men measured time by the motion of the M oon, and
her change of appearance as she passed from new moon to
full and back to new again. That is, they reckoned the lapse
of time in months. Or they made the same sort of use of the
Sun, and reckoned time, as we still do, in years. The hunting

13
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tribes, who liked to choose moonlight nights for ther expedi-
tions, generally ussd a calendar basad on the month. But the
peoples who lived by agriculture basad ther calendar on
the year, the period of recurrence of the ssasns upon which
the growth of the crops depends

14



4. The First Astronomers

To discover the beginnings out of which modern astronomy
hasgrown, wemust |ook back to theancient civilizationswhich
sprang up beside the great rivers of the Middle East—the Nile
and the Tigris-Euphrates. In rainless Egypt the skies are
cloudless almost all the year round, and the stars shine forth
with great brilliance. Such conditions naturally favored the
growth of astronomy.

Butitis especially among the Babylonians, who lived in the
country we now call Iraq, that we shall find the earliest traces
of atrue science of the heavenly bodies. Civilization flourished
thereasearly as3000B.C. Theinhabitantslivedinwalled cities
the ruins of which can still be seen. They were in the habit of
writing, or recording their observations, by making marks on
tablets of soft clay, which were later dried or baked to form
tiles. Many of these tiles have survived in the ruins of the old
cities. About a century ago, students found out how to read
them, and that is how we have come to know what Babylonian
astronomy was like.

The observation of the heavens used to be carried on by the
priests. They scanned the sky from watchtowers called Zig-
gurats which were built near the temples of the great cities.
The priests were chiefly interested in observing the new moon,
whose first appearance in the west marked the beginning of
another month. They also followed the movements of the
planets, noting the times when they passed near to each other
or to bright stars. They looked out for comets, the "hairy stars"

15
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whose chance gppearances have struck terror to the hearts of
simple people all down the ages They dso took account of
eclipses—the darkening of the Sun or Moon—which occur
whenever the Moon passes between us and the Sun, or when
the Earth's shadow is cagt on the M oon.

The priests did not make these observations out of idle
curiosity, nor, at first, through scientific interest. They made
them in the belief that it was possible to foretell the future by
taking note of what went on in the heavens. An eclipse of the
Sun, or the appearance of a comet, might mean the near ap-
proach of war, famine or pestilence. It was the duty of the
priests to warn the king or the citizens of what wes in store.
This belief that earthly events are foretold by sgns in the
heavens later developed into a kind of fortune-telling called
astrology. It was believed that the heavenly bodies exerted a
great influence upon the lives and the fortunes of every human
being. It was even thought that a person's whole career de-
pended upon the positions of the planets in the ky at the
moment of hisbirth. We now know that thisisan empty super-
stition, though some peoplestill believeinit. The Babylonians
had far more excuse for doing s0. For they had no ideawhich
events in the world were related to each other as cause and
effect. They could only make guessss and trials in the hope of
discovering the real connections between things. Moreover,
even they largely outgrew astrology and became increasingly
interested in the true science of astronomy. Let uslook at some
of tHer discoveries.

They made use of the Moon to measure their time, which
they reckoned in months. They noticed that the Sun, Moon
and planets, as they slowly revolve round the heavens, dways
keep within anarrow strip of sky extending like a belt right
16



THE FIRST ASTRONOMERS
round the middle of the sphere of the sars. The Babylonians
divided up this planetary belt into twelve equal parts; and
they called each of the twelve divisons after a nearby con-
stellation. Following them, the Greeks called the belt the
Zodiac, and the twelve divisions, the Signs of the Zodiac.

The Sun travels through the twelve signs in one year. If he
moved at a perfectly seady rate he would traverse each Sign
in exactly the same time. But the Babylonians found that the
Sun, Moon and planets did not move round the Zodiac at
perfectly seady speeds They drew up tables showing how the
gpeeds varied from one Sign to another. That was the begin-
ning of the planetary theories of which we shall learn more in
later chapters.

The Babylonians tried to picture to themsdves what the
whole Universe was like. They thought of the Earth as a cir-
cular island rising towards the center into a huge mountain,
and surrounded by aring of sea. Beyond the ssa was a circular
range of mountains forming the boundary of the world and
supporting the sky, which they thought of as a Firmament,
or hollow half-sphere of solid material. There were doors in
the ky to eas and west through which the heavenly bodies
passd at their rising and setting. There was water under the
Earth which kept the springs flowing, and "waters above the
Firmament" (about which we read in Genesis) which fell
down asrain. .

The only other people of those early times who can be com-
pared to the Babylonians as astronomers were the Egyptians.
But their achievementsin astronomy weremuch lessimportant.
They grouped the dars into constellations and distinguished
the planets, but their picture of the Universe was a very crude
one. They thought of the sky as a cow with its feet resting on

17
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theEarth, or asawoman supporting her sdf on handsand feet.
Or they imagined it as a great shegt of water upon which the
heavenly bodies sailed in boats The Sun was for them a god
sailing thus on the ocean of the sky, and descending at night
beneath the Earth to vigt the abode of the dead.

18



5. The Coming of the Greeks

About threethousand years ago ther e descended from the heart
of Europe a group of primitive peoples who settled in the
country we now call Greece. Some of them took to the s=a and
spread out eastward to settle on the idands of the Aegean, or
on the western coast of Asia Minor. Others sailed westward
along the Mediterranean to found colonies in southern Italy
and Sicily. These people called themselves the Hellenes;, we
know them as the Greeks.

They settled down in small independent dates, little more
than cities, cut off from one another by barriers of mountain
or sea. Despite the ties of language and religion which bound
them together, these "city-states’ engaged in almost incessant
war farewith one another, until about 350 B.C., when Greece
was made part of the military empire of Macedon. This em-
pire, under Alexander the Great, proceeded to conquer a large
part of the Middle East, and to spread Greek civilization as
far as India.

The Greeks occupy an important place in our sory. The
whole idea of a stience of the gars, and, indeed, all reasonable
thought about lifeand thewor Id practically started with them.
It was the Greeks who first really tackled the astronomical
problem which Copernicus was later to take up afresh and to
carry agreat stride nearer its solution.

The Greekswerewell fitted by nature, and well placed, for
the great part they had to play in moulding our civilization.
In thefirst place they were a people whose minds were turned

19
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outwards to theworld in eager curiosity. Their amazing skill
in observation is shown in their paintings and carvings of the
forms of men and animals. Again, the Greeks were extremely
well informed about what other people had done. They flour-
ished in a brilliant period of the world's history. They took
over much of the culture of the highly civilized people who
had lived before them in Greece and the Aegean. Perhaps it
was from these earlier races that they acquired some of their
artistic skill. On the other hand, the Greeks who had settled
in Asia Minor were in dose touch with the civilizations of
Babylonia and Egypt, and, later, of Persia and, perhaps, I ndia.
The work on astronomy of which we spoke in the last chapter
influenced the Greeks, and waslatterly influenced by them.

Upon what they had thus observed for themselves or learned
from others, the Greeks brought their bold, self-reliant minds
to bear. They thought themsdves quite capable of finding out
how the Universe worked. Ascitizens of free sates, the Greeks
wer e accustomed to gover n themselves by holding public mest-
ings. They used to listen with open minds to the arguments of
orators speaking for or againg any proposal, and then they
would decide the matter by a vote. They followed much the
samemethod in trying to makeup their mindswhat they should
believe about nature, including human nature. The Greeks
were, in fact, the first people to use argument deliberately as
an instrument for discovering truth. They would start an argu-
ment from truths already established. They would carry it on
according to sound methods of reasoning. And they would
follow it through to its natural conclusion, however unex-
pected or even unwelcome that concluson might be.

The religion of the Greeks never developed to the stage
where it had a serious alternative view of the world to put
20
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forwar d which could conflict with theview to which they were
led by common sense They had no Bibleor creed or power ful
priesthood opposed to new ideas. Hence there was almost no
persecution of the kind we shall meet with in the later pages
of this book.

A good illustration of this Greek method of discovery by
argument is afforded by the geometry of Euclid, who lived
about 300 B.c. Euclid'sbook has been the basis of all the teach-
ing of elementary geometry for some two thousand years, so
nearly everyone has some familiarity with it. Euclid startsfrom
simpleand mostly self-evident axioms, and hebuildsup agreat
system of geometry by pure reasoning.

The Greeks found this method so successful in geometry,
that they tried to apply it to other subjects—what we should
now call chemistry, physicsand astronomy. But herethey were
not so successful. Thedifficulty lay in choosing theright truths
from which to start, aswe start from the axioms of geometry.
It is very hard to discover these basc scientific truths. It re-
quires methods of observation and experiment which the
Greeks, for all their genius, never mastered.
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6. The Beginning of Science

By the time of the Greeks, many of the useful arts, of which
we spoke in Chapter | |, had reached a high level of develop-
ment. And the craftsmen who practised these arts had come to
know a great deal about the materials in which they worked.
In all this knowledge of the craftsmen there was science of a
kind. And it was one of the main sources out of which the
modern sciences took their rise. The early chemists were to
draw upon the experiences of the potter, the glass-blower and
the metal-worker. The Egyptian surveyor, measuring anew
the fields uncovered by the Nile, used working rules which
were some day to become theorems in geometry. And out of
the priestly cult of the stars as divinities came the recognition
of their orderly motions. But the sort of knowledge that we
have come to mean by the word science was the creation of
the Greeks. And it isworth trying to understand what science
in this special sense really is before we embark on the story of
one of the greatest scientific movements in history.

The finest scientific achievement of the Greeks lay in the
sphere of geometry. That was because progress in that sub-
ject does not depend upon carrying out experiments, a pro-
cedure which the Greeks generally distrusted, and which they
never properly understood. In geometry they were able to start
from properties of space which are too familiar to need ex-
periment ; and then they argued logically from point to point,
a procedure in which they excelled. The way in which the
craftsman's knowledge is transformed into science is, in fact,
22
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best illustrated by means of a smple example from Greek
geometry with which every reader will be familiar.
TheEgyptian surveyorshad arulethat thearea of atriangle
ABC ishalf that of a rectangle BCDE having the same base
BC and the same vertical height DC (Fig. 2). The reault of
working by thisrule mug have been satifactory in each par-
ticular case where it was used; but the Egyptians could not

£ D A

B C

FIG. 2. THE AREA OF A TRIANGLE

have proved that it must necesserily be exactly true for any
triangle. This, however, the Greskswere ableto do. For they
had transformed, and vagly extended, the working rules of
the Egyptian surveyorsinto a sries of propostions such aswe
find today in any schodbook on geometry. And one of these
propostions proves to us that any two triangles on the same
base BC and between thesamepar alléel lines BC, EA, areequal
in area. Hence, in our Figure, thetriangle ABC isequal to the
23



SUN, STAND THOU STILL
triangle DBQ which, in turn, is one half of the rectangle
BCDE.

This example may aso serve to illustrate one important
feature of sdence—its generality. By this we mean that it is
conoerned with properties, or rules, which cover as wide a
rangeof particular casssaspossble just asour rulewasshown
to hold good for all triangles. The stentigt tries to discover
systems of facts and to fit these into other, wider sygems
Our triangle falls into a sydem of triangles covered by the
theorem, and the theorem occupies a place in a whole sries
of propogtions forming a sygem of geometry.

Begdes its generality and its sydem, there is one other fea-
ture that we notice about suence, something that we express
by saying that sdence is disinterested. By this we mean that
the dentig is led to make his discoveries soldy by his keen
desire to know the truth about the world. He does not carry
on ressarch merdy for the purpose of inventing ussful " gadg-
és" or in the hope of making money out of them, though
both these conssquences may follow.

The carer of Copernicus affords a striking example of thls
ort of thing. We shall s that, not only were his stientific
achievements not valued by the people of hisown time, but he
auffered in reputation (and some of his followers suffered
even more severdy) for holding the opinionsthat hedid. The
moative power behind histhirty years of labor was Smply the .
desreto undergand the way the Univer sewor ked.

This quality of dignteretedness in sdence is a0 some
thing we inherit from the Gresks. Knowledge about nature
in their day was amply the craftaman’'s knowledge, which was
a collection of "dodges’ for making and doing things. But
the Greek thinkers who created sience mostly belonged to a
24
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social class who were not interested in "dodges' for doing
things. They were free men with many daves to make and do
whatever they wanted. There was not the same need to econo-
mize man-power that a modern manufacturer feels who pays
wages to his work-people. And the thinker felt it no business
of histo lighten the toil of the dave by inventing labor-saving
devices. The ancient world cared less about human toil and
suffering than we can well imagine.

This callousness offends our consciences today; but experi-
ence has proved that truth is bes discovered by making it an
end in itself, and not worrying for the moment about the good
or bad uses to which it will be put when discovered. The
Greeks did not study geometry just because they wanted to be-
come surveyors. But out of their discoveries in geometry and
astronomy there have come developments, even in surveying,
beyond anything the Egyptians, or even the Greeks themsaves,
could have dreamed.

There were, however, other crafts which did not yield so
readily tothe sort of treatment that transformed surveyinginto
geometry. These were the crafts roughly corresponding to
what is now the science of chemistry. They were laborious
crafts, involving the use of fire, and carried on by grimy, un-
lettered workers, from whom the Greek thinkers were almost
completely cut off by their social position. Hence the chemical
theory of the Greeks was a fiasco; that was the price they paid
for neglecting the rich sores of knowledge about the stuff of
the world which these humble craftsmen had accumulated
through so many centuries.

On the other hand, the great rise of modern science in the
last three hundred years dates from the time when men dis
covered that such knowledge must provide the raw material
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of sdence The stientig has continually to go badck to experi-
ence through the experiments he performs in his laboratory,
in order to keep histhinking on theright lines. And as the
experience of the craftaman srved asthe raw material of so-
ence S0 today the stentig repays the debt by putting his
knowledge at the service of the manufacturer. Pur ey saentific
knowledge srves asthe foundation of a whole range of mod-
ern indudries, from the generation of dectric power to the
manufacture of slk sgockings
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7. Pythagoras of Samos

All primitive peoples have picturesque sories to tell of how
the gods made the world out of nothing, or out of the body of
a giant or something of the sort. The Greeks had a whole col-
lection of tales about the gods. Zeus, Apollo and therest. They
pictured them as glorified human beings living in style on the
top of Mount Olympus.

But there were some Greeks who felt that such man-like
gods could not possbly have made the Universe. They also
felt that it was no good trying to describe the creation of the
world by likening it to some familiar process, such as making
a pudding. For you can only make a pudding in a world that
isalready a going concern. So these men gave up telling theold
stories, and decided to look at the world with their own eyes.

Asthey looked out on the world, they saw new things com-
ing into being and old things passing away. But things did not
come from nothing, and they did not passinto nothing. There
was something that went on existing all the time, but which
was continually changing. What was that something?

This problem wasfirst tackled by a group of Greek thinkers
who lived in the sixth century B.c. on the coast of Asia Minor.
They assumed that all things are composed of the same stuff,
and they tried to discover what it was. One of them said it was
water, which he thought could be condensed to form earth
and solids, or expanded to form air. Another man said the
ultimate stuff was air or vapor; another that it was fire, and
soon.
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But there was quite a different &g of Greeks who thought
that the important quegtion was not What ? but How Much?
For example, we can makea pudding of flour, lard, eggs sugar
and what not. But the kind of pudding we get largely depends
on how much of each of thesewe mix together; and howlong
we ook them. To take a less homdy illustration: there are
thousands of chemical subgances all made of the three de-
ments carbon, hydrogen and oxygen, yet no two of them are
quite alike. Chemigstell usthe difference between them isdue
to differencesin the proportionsand arrangementsof thethree
kinds of atomsin the different subgances And if weturn from
chemidry to other saences sudh asmechanicsand physdcs we
find that the account they give of things aso largey depends
on counting and measuring and drawing diagrams, and upon
other, more difficult, processes

This whole idea that counting and measuring give us the
dueto theunder ganding of nature goesbadk to a Greek called
Pythagoras who lived in the sxth century B.C. The influence
of hisideas played a great part in the gory we have to tell.

Pythagoras ssams to have bean born on the idand of Samas
in the Aegean. He is said to have gpent hisearlier yearstravel-
ing and gudyingin Egypt and the Eas. When hereturned from
hiswanderings, he sdtled at Crotona in southern Italy. There
hegathered round him a lot of young men who formed a sort
of religious brotherhood something like a monasery. He pro-
ceeded to teach them by word of mouth ingead of writing a
book. It suited his fancy to keegp his knowledge as the soret
of hisown brotherhood, and not to let it leak through to the
vulgar herd outsde. There was a dory about a talkative
Pythagorean who let out some ssret information and who
perished in ashipwreck asajudgment!
28
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Pythagoras is said to have made simple experiments on the
sound produced by plucking a stretched string—one of the very
- few reported ingahces of physica experiments among the
ancients. He found how the pitch of the note given out de-
pended on the length of string which was allowed to vibrate.
This discovery convinced Pythagoras that simple arithmetical
rules of this kind are the really important things in the Uni-
verse. He even thought that numbers were a sort of ultimate
stuff out of which everything was made. He was dso perhaps
the first to st out geometrical propositionsin alogical order
aswe find them in a geometry book today.

The views of Pythagoras colored his attitude to astronomy,
and exerted a great influence in after years. He was dmost
certainly thefirst man to teach that the Earth is a sphere float-
ing in gpace But his reasons for believing this cannot have
been the ones we find in @ modern geography book. Probably
hewould have given as hismain reason the fact that the phere
isthe most perfectly regular of all solid figures.

Pythagoras, again, gave the smplest possible explanation
. of theway in which the Sun gppears to move (Chap. HI). He
thought it traveled right round the ky inacircle ABCD (Fig.
3) at auniform rate, completing itscircuit in one year. At the
same time the whole sky revolved once a day in the direction
of the circle FBED, carrying the Sun and its circle with it.
This accounted for the Sun's daily rising and setting, and dso
for the way in which the length of the day, and the points on
the horizon where the Sun rises and sats vary according to
the time of year. Pythagoras gave a precisely similar explana-
tion of the Moon's apparent motion. He aso tried to represent
the motions of the five planets in the same way; but the a-
tempt broke down because the behavior of the planets is more
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FIG. 3. THE SUN'S MOTION ACCORDING TO PYTHAGORAS

complicated than that of the Sun and Moon. However, the
important point is that Pythagoras started the idea that the
complicated movements of the heavenly bodies mugt be re-
garded as made up of a number of circular motions all put
together. We shall s= how this idea kept its hold on astron-
omy until about three hundred years ago.

The movement started by Pythagoras was carried on after
his death. One of its later supporters called Philolaus (late
fifth century B.C.) put forward theview that the center of the
Univer sewasoccupied, not by theEarth, but by ahuge Central
30
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FIG. 4. THE SYSTEM OF PHILOLAUS

Fire (Fig. 4). Around this Fire the Earth revolved daily in a
circle. He supposed that the Sun, Moon and planets all re-
volved, like the Earth, about the Fire. So did another mys
terious body, the Counter-Earth, which, at least in the
imagination of Philolaus, revolved in an orbit between the
Earth and the Fire. The effect of all this was to account, both
for the daily risings and settings of the heavenly bodies, and
dso for the dow circulation of the Sun, Moon and planets
againgt the background of stars.
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Wemug not confuse the Central Firewith the Sun. Later
writersdid; and they regarded Philolaus as having invented
the Coper nican sygem some 2000 year s before Copernicus He
did not do that; but he may have been thefirs man to think
of the Earth as revolving round the center of the Universe
together with theother planets.
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8. The Philosophers

The Greek thinkerswere at first mainly concerned with trying
to understand the world around them. But later, they became
increasingly interested in people, and in discussing how men
ought to think and behave. The man who did most to give
this new turn to Greek thought was Socrates, who lived in
Athensin the fifth century B.C. The movement he started was
carried further by his fellow citizen and disciple Plato.

What these men sought above all to gain was not a mere
knowledge of particular facts, but aright judgment as to what
istrue and good. The Greeks called this right judgment sophia,
or "wisdom." They thought only God could be called wise.
But men could be "lovers of wisdom" or philosophers. And,
following them, we give the name of philosophy to the search
after the most general truths concerning the world we livein,
and after the kind of life we should lead.

The earlier thinkers, Pythagoras and the rest, who had tried
to discover the permanent reality behind all changes (Chap.
VI1) had been philosophers too. But from Socrates onwards,
philosophy branched off from the mere open-eyed study of
nature to concern itself with these more general problems of
truth and right living. With these developments we are not
here directly concerned. Philosophy continued, however, to ex-
ert an important influence upon the growth of the sciences of
nature, and of astronomy in particular. And thisinfluence con-
tinued to be felt throughout the whole period we shall cover
in the following pages.

The influence of Plato himself on the progress of astronomy
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wasnot altogether favorable. We can bes under sand the new
turn he gave to the subject by going back again for a moment

to schoo geometry. Thisis all about graight lines, triangles,

drdesand so0 forth. But they mug be perfectly sraight lines,

perfectly regular drdes etc. The diagramsin the book or on
the blackboard, however carefully drawn, are not the perfect

figures, but only crudeimitationsto help ustofollow theargu-
ment. Thisisall right in geometry. But Plato and hisfollowers
thought that the same principle could be applied in the natur al

sdences uch asagronomy. They thought the heavenly bodies,
and other objects we s around us were not in themsdves
worth sudying. They merdy sarved, like the diagrams in

geometry, to sugges to usideal problemswhich mug be solved
by the reason and not through the smsss The reault of this
attitude was to discourage experiment and observation in Eu-

rope for nearly 2000 years

Otherwise, Plato merdy carried on the asronomical ideas
of Pythagoras ignoring the later devdopments which made
the Earth moveround the Central Fire. Hepictured the Uni-
verse as a vad Pphere having at its center the gpherical Earth
round which the Sun, Moon and planets revolved in concen-
tric drdes The radii of these drdes were supposad to sand
to one ancther in a smple proportion which he could not
measure, but merely imagined.

Like Pythagoras, Plato represented the motion of each of
these saven bodies by a combination of two circular motionsin
nearly oppodte directions (Fig. 3). He knew that this smple
g/deam broke down for the planets So he s his pupils the
problem of representing the behavior of the planets by means
of ill further uniform crcular motionslike the whedswithin
wheds of Ezekidl.
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Plato had a pupil who became as great a philosopher as him-
sdf, though his ideas developed on diifferent lines from those
of his master. This was Aristotle, who lived from 384 to 322
B.C. His father was court physician in Macedon (Chap. V)
and he himself was tutor to the boy who grew up to be Alexan-
der the Great. He studied under Plato in Athens, and in due
course settled there himself as a public teacher.

Aristotle's teachings cover aimost the whole field of knowl-
edge. He corrected the tendency we have noted in Plato to
treat the science of nature as if it were a kind of geometry.
The parts of his work which deal with what we should call
zoology are of great value. They are based on the actual obser-
vations of Aristotle and his friends, and show him to have been
one of the greatest naturalists of all time. But in astronomy
and physics, Aristotle was on less sure ground. He based his
conclusions on superficial observations of how things appear to
behave, or even upon his own ideas of how they ought to
behave. However, Aristotle's mental picture of the Universe
waswidely accepted wherever it became known until right into
the seventeenth century. It formed the backbone of the resig-
ance which the ideas of Copernicus encountered. Hence we
must try to give some account of it.

Aristotle pictured the Universe as a sphere of space of lim-
ited sze Everything that exists was somewhere inside this
sphere; outside it there was nothing at all, not even empty
space. At the center of the Universe was the Earth, a motion-
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less sphere. Around the Earth, the Universe was built up in
layers like a nest of boxes. The core of the Universe was of
earthy forming the dry land. Over this was a layer of water
forming the ocean; then the atmosphere of air, and then an
outer coating of fire extending as far asthe Moon. All therest
of the Universe was taken up by the spheres which carried
round the Sun, Moon and planets. In the outermost sphere,
the sars were fixed like silver studs.

The sphere which carried the M oon was like a wall divid-
ing the Universe into two regions. Inside it/ everything was
made of the four elements, earth, water, air and fire. These
were supposed to be constantly changing one into ancther,
so that we lived in a realm of change and decay. But on the
other sde of the Moon's sphere, the heavenly bodies and
the spheres which carried them round were supposed to be
made of a fifth element—the aether. (Do not confuse this
with the ether which the chemist and doctor use today, or with
the medium upon which radio waves are supposed to travel.)
This aether was thought to be much superior to our four
elements, for it was supposed to be incapable of any change
except change of position, that is, motion. This idea of a sharp
distinction between the corruptible region of the four elements
and the incorruptible heavens took a very firm hold on peo-
ple's minds. It was not completely abandoned until about a
hundred years ago, when it was found that the Earth and the
heavenly bodies are all made of the same sorts of matter.

Aristotle noticed that heavy bodies such as stones fell to the
ground, while flames shot upward. He concluded that it was
natural for the four elementsto move in straight lines—earth
and water downward towards the center of the Universe, and
air and fireoutward from the center. He supposed that a body
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might also move round and round in a circle, and that this
would be a better kind of motion than moving in a sraight
line. For it could go on forever, while a body moving in a
graight linewould have to sop when it came to the boundary
of the Universe or to its natural regingplace Hence he
thought that this better kind of motion mug beong to the
better kind of dement—the unchangeeble aether. Thus he
proved to his own satisfaction that the heavenly bodies go
round in drdeswhilethe Earth gands still in the middle. We
find the argument very unconvincing. But it was about 2000
years before it began to be upsst by sounder ideas on how
bodies move; and in the meantime almogt everybody bdieved
that the Earth gands till in the middle of the Universe.

To smplify matters we have spoken as if each planet were
carried round by a sngle phere But to represent the compli-
cated motions of each planet required quite a number of re-
volving spheres each giving its own motion to that planet.
All this machiney was much too complicated. Moreover it
took no account of the fact that the digance of a planet from
the Earth obvioudy varies, for at some times it appears much
brighter than at others. Hence a different method had to be
invented to reduce the mations of the planets to a rule which
would enable agronomers to predict ther future behavior.

About the time that Aristotle died, the center of Greek
Kdentific activity shifted from Greece to the dty of Alexan-
dria, founded on the Mediterranean coas of Egypt by Alex-
ander the Great. It is with that cty that the later da/elop—
ments of Greek agronomy are largey assoclated
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10. Greek Astronomy .

Thereisagory that the old I ndian astronomers pictured the
Earth asa sort of flat tea tray supported on the backs of three
elephants. The elephants, in turn, stood on the back of a
hugetortoise; but what supported thetortoisswearenot told!
The Greeks started off by asking the same sort of questions
about what the Earth is like and what keeps it in its place,
what the heavenly bodies are made of, and so forth. But in-
stead of talking about elephants and tortoises, they gave com-
mon-sense answers to these questions. They supposed that the
Universe worked, on a large scale, by the natural processs
which they saw at work, on a small scale, around them, and
which they usad in their crafts.

Thus, oneof theearliest Greek thinkers, Thales, in the sixth
century B.C., said the Earth was a short cylinder (something
rather like a pill-box) floating on a vast ocean of water; it
had aflat top on which we live. Others said the Earth was a
flat disc, floating like a leaf on the air, or that it was forever
falling like a sone. Finally, Pythagoras, aswe have seen, said
the Earth was a sphere floating in space. This idea was gen-
erally accepted, although it was not until the early sixteenth
century that Magellan's ships sailed round the world and
proved that old Pythagoras was right.

The universal curiosity of the Greeks extended beyond the
Earth to the heavens. Plato tells a sory of the aforesaid
Thales, how he fell into a well while sar gazing, and was
afterwards teased by a saucy servant girl for being so keen to
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know what went on in the heavens that he could not see what
lay at his very feet. It was the Greeks who put the idea into
people's heads that the sky is a globe of some glassy mate-
rial inwhich the stars arefixed like silver studs. They learned
that the M oon shines by sunlight, that it is eclipsed when the
Earth comes between it and the Sun, and much else of interest.

However, the central problem uponwhich the Greek astron-
omers came more and more to concentrate their attention was
‘that of accounting for the observed motions of the "planets"
(among which the Greeks included the Sun and Moon as
well asthefivebodies that we call planets, see Chap. HI1). It
iswith the story of efforts to solve this problem that we shall
be mainly concerned in the following pages.

Any attempted solution of the problem takes the form of
what is called a planetary theory. Such a theory can be repre-
sented by a diagram showing the path which a planet is sup-
posed to follow in space, and specifying the rate at which it
moves along this path. If such atheory is drawn up correctly,
itwill enable us to say where a planet will be at a given time,
that is, to predict the future positions of the planet. It is pos-
sible then to draw up a table of such future positions like a
railway timetable which shows the times at which a train will
call at the various stations.

However, there is always this difficulty about constructing
planetary theories. We can see a planet moving against the
background of the stars. But we cannot see it moving towards
or away from us. Only the slight changes in the brightness of
the planets, or in the apparent size of the Moon, prove that
these bodies do move in depth and are not always at the same
distances from us. So there was always a ot of guesswork in
the construction of the early planetary theories. And even
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when they enabled tolerably reliable tables to be drawn up,
no one could be sure whether the planets really followed the
paths in gace that they were supposad to in theory. However
correct a railway timetable may be, it does not tell us any-
thing about the route followed by the train between the ga
tions. No more, for that matter, doesit tell usanything about
the mechaniam of the enginewhich pullsthetrain along. And
during almog thewhole of our period, no one had the faintest
idea why the planets move at all.

Broadly speaking, the development of Greek planetary the-
ories sEms to have ben as follows. The smples possble
planetary theory is to suppose that the planet P desribes a
crcleat aseady gesd about the Earth E consdered asamere
point at the center of thedirde (Fig. 5). Thisassumption fits

'P

FIG. 5. THE SIMPLEST PLANETARY THEORY
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the observed motion of the Sun fairly well, the motion of the
Moon not so well, and the motions of the five planets not at
all well. (We are speaking here about the motions of these
bodies against the background of the stars; not about the daily
motion of rising and setting which they all share with the
gars, and of which we do not take account for the moment.)
This, as we have seen, was the theory of Pythagoras. It was
taken over by Plato, improved by his disciples, and then
adopted by Aristotle (Chaps. VI1-1X).

But the later Greek astronomers rejected this theory be-
cause it made no allowances for the changes in the speads of
the heavenly bodies, or in their distances from us. They tried
to alter the simple scheme of Fig. 5 in order to represent these
changes. But in doing so they were restricted by the rule laid

P
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FIG. 6. THE EXCENTRIC
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down by Aristotle that a heavenly body could only be thought
of as describing a circle, and that at a uniform speed (Chap.
| X).SotheGreekstried to get over thedifficulty in two ways.

On the one hand, they supposed the center C of the plan-
e'scircular path APB to be somelittleway from the Earth E
(Fig. 6). When the planet P in its course reached A, it was
nearer to the Earth, and it appeared to an earthly observer to
be moving faster, than when it was at B. This device, called
an excentric, served very well to represent the apparent motion
of the Sun.

On the other hand, the Greeks sometimes supposed the
planet P to describe a small circle called an epicycle about a
center C, while C described a larger circle called a deferent
about the Earth E at itscenter (Fig. 7). Here, again, at A, the
planet”was farther from the Earth and at B nearer to it. And
when at B, the planet was moving the opposite way to C, and
might appear to an observer at E (the Earth) to be moving
back towards the west, as the five planets do appear to move
when nearest to the Earth.

The Greeks combined these two devices, and developed
them in ways that we need not go into. But what we have just
said may give some idea of what a planetary theory was like
in ancient times and through the Middle Ages right down to
the time of Copernicus. The relative dzes of these various
circles, and the gpeads of the planets therein, were inferred
from the observed positions of the planets at known times.

While thinking along these lines, the Greeks actually hit
on the idea that the Sun might be the fixed center about which
the Earth and the planets moved in circles. This interesting
development began in the fourth century B.C. with one

Heraclidestryingto account for the peculiar behavior of Venus
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and Mercury. These planets are never sen far from the Sun,
and they appear sometimes on one 3de of him and sometimes
on the other. Heradides suggeded that perhaps they each
described a circle about the Sun, while he revolved about the
Earth, jug as in Fig. 7, P dexxribes a dirde about C while C

Epie.}'eé

FIG. 7. THE EPICYCLE AND DEFERENT

revolves about E. It was natural to extend this to the other
threeplanets Mars, Jupiter and Saturn.

Then it was realized that everything would look jug the
same if, ingead of the Qun revolving round the Earth, the
Earth went round the Sun, jus asthefive planets were being
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supposed to do. This step was taken in the third century B.C
by a Greek astronomer called Aristarchus who came from the
same island of Samos as did Pythagoras. He dso accounted
(as Heraclides too had done) for the daily rising and setting
of the heavenly bodies by supposing the Earth to turn round
once aday on its axis. Hethus arrived at the complete Coper-
nican theory of the solar system, and earned his title of the
"Copernicus of Antiquity.”

Aristarchus did not work out his theory in detail as Coperni-
cusdid. Hedid not make use of it to calculate planetary tables
as other Greek astronomers soon did from theories which
made the Earth the fixed center of the Universe. And in any
cae the idea of amoving Earth was very littleto the taste of
people brought up on Aristotle's philosophy of nature. So
little more was heard of this "Sun-centered” planetary system
until 1800 years later, when Copernicus began to establish it
as the accepted theory of modern times.

In the meantime, an "Earth-centered” planetary theory had
been worked out in great detail by the later Greek astrono-
mers—notably by Hipparchus of Rhodes (second century
B.c.) and Ptolemy of Alexandria (second century A.D.). It
was made the bass of tables which could predict the positions
of the planets to a degree of accuracy not much less than that
to which their positions could be determined with theinstru-
ments of the time. These instruments underwent little im-
provement until after the death of Copernicus. Some idea of
their nature may be obtained from our account of his attempts
to make similar ones (Chap. X X | below). It isimportant to
bear in mind that no telescopes were in use until the early
seventeenth century.

All of Greek astronomy that succesded in establishing it-
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sdf was collected into afamous book by the aforesaid Ptolemy,
the las of the great Greek adronomes somewhere about
140 A.D. The book has a Greek title meaning the Collection;
but it came in the Middle Ages to be generally called the
Almagest—the word is a mixture of Greek and Arabic. Ptol-
emy's Almagest and Copernicuss Revolutions(Chap. X X | X
below) have bean fancifully called the Old and the New
Tetaments of Asronomy. They are sgparated by some four-
teen centuries, during which the "Earth-centered” picture of
the Universe (Fig. 14 A), as conceived by Aristotle and Ptol-
emy, was everywhere accepted. -



11. The Centuries Between

Alexandria, where Ptolemy lived, was, in his time, part of
the Roman Empire. The Romans made practically no contri-
bution to astronomy; but they come into our story for other
reasons. The Romans were originally a small group of tribes
living in the part of Italy where Rome sands today. But, by
the time of Christ, centuries of conquest had put them in con-
trol of all the countries bordering upon the Mediterranean,
aswell asof what is now France and much of Britain. In the
long years of Roman peace which followed, L atin, the Roman
tongue, became a universal language in western Europe. The
Christian Gospel spread from Palestine all over the Roman
world in ways with which we are familiar from the Acts of
the Apostles. And early in the fourth century, the whole
Roman Empir e became nominally Christian.

The Greeks had long snce logt their vigor, and, as time
passed, the great mass of Roman citizens began to lose inter-
et in public affairs; their population also declined. In conse-
guence, the Germans and other vigorous peoples of Europe
were able, from the end of the fourth century A.D. to pour
into the Roman Empire and to settle on its land. These bar-
barian invaders were anxious to preserve Roman civilization
and to learn from it. They became Christians; and it was the
task of the Church to pass on to the barbarians whatever
knowledge had survived from the ancient world.

Very little knowledge had survived in the West. Hence we
get a period called the Dark Ages, extending roughly from
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400 to 1000 A.D., during which very crude idess prevailed
about the world of nature. Some people even denied that the
Earth was a phere or, they said, if it were, no one could
live on the southern part of it without falling off. Others
thought the whole Universewas arranged like the Tabernacle
of Moses, desribed in the Old Tetament. Later, some books
wer e discovered which st forth Plato's ideas about what the
world was like. These were brought into line with Chrigtian
teaching, and they furnished the peoples of western Europe
with a sort of mental picture of the Universe which lasted
without much alteration down to the sixteenth century.
People thought of the Universe as an endossd gpace—a
phere of grictly limited sze It had been created by God in
a not very digant pag as the abode of man, for whom the
whole world of nature existed. It was destined to pass away,
or to undergo some catagrophic change in the not very re-
mote future. The Earth occupied the center of the Universe,
both in postion and in importance. It was the sage on which
the drama of human life was played out. Under our feet, in
the Earth's interior, was Hell. Outsde the boundary of the
Univer se was Heaven, the abode of God and the Saints. Snce
the whole Universe was thought to form a sngle sygem, it
was natural to go on bdieving that the gars in their courses
controlled or foreshadowed events on the Earth. There was
also thought to be dose corregpondence between the various
dar-groups and the parts of the human body.
WhilethisDark Age overshadowed Europe, a new religion
had sporung up among the Arabs living on the far sde of the
Red Sea. It wasfounded in the seventh century by M ohammed,
who prodaimed himsef a prophet of God. Under theinspira-
tion of their new faith, the Arabs swept forth in a great wave
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of conquest which carried them in the Eagt to India, and in
the West through Egypt and North Africato what is now
Spain. When the force of thiswave had spent itself, the Arabs
began to settle down and study the great writings of the an-
cientworld, which they trandated into Arabic. Among these
works was Ptolemy's Almagest (Chap. X) and the scientific
worksof Aristotle. A great revival of ancient sciencethustook
place anong the Modems, or followers of Mohammed, but
little further progress was made by them.

In Spain there was a frontier between Christendom and
Islam (the Moslem power), and in Sicily there was another.
Across these frontiers, from about iooo A.D. onwards, the
ancient learning flowed from the Modems to the Christians.
Many athrilling story could be told of scholars from France
or England who lived for years among the Moslems, often in
seorecy and in peril of their lives, learning the difficult lan-
guage and acquiring the precious manuscripts. In this way,
sometime in the twelfth century, the Christian scholars of
western Europe gained possesson of Ptolemy's Almagest and
Aristotle's scientific works, not yet in the Greek originals,
but in Latin trandations from the Arabic.

In the West, as we have seen, the lamp of the old learning
had never quite gone out. It was kept dimly alight, firstin the
Benedictine monasteries which sprang up all over Europe in
the Dark Ages, and later at the schools which grew up round
the great cathedrds.

These sthools were chiefly designed to turn out young
priests who could read the Bible and whatever other books
they needed to carry out their duties. But they were dso taught
a smattering of astronomy, at least enough to understand the
rules for fixing the dates of Easter and other Church festivals.
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Another thing the young priest was taught was the eements
of logic—the stience of right reasoning—as laid down by
Aristotle, and accepted as obvioudy true. Asawriter on logic,
Aristotle had long been known in the West. And now in the
twelfth century, when his writings on a wide range of other
subjects were being recovered, people naturally thought that
his books on such subjects as physics and astronomy must be
as true as his other works, even as true as logic itself. But
they were wrong. For Aristotle's views on the physical stiences
wer e hopeesdy adtray.

However, the young priest was encouraged to use Aristotle's
logic as Aristotle himself had used it, to argue out all sorts
of interesting conclusions, first in theology and philosophy,
and, later on, in the sdences of nature. In this way there was
built up in the cathedral schools and the rising universities a
vast sysem of belief about God, man and the world. It came
to beknown asthe philosophy of the schools, or the scholastic
philosophy. It represented an outlook which, in one form or
another, held itsground until roughly the end of the sixteenth
century. .

On the one hand, then, this sysem took over from Aristotle.
thebelief that the Earth was the center of the Universe. On the
other hand, it was brought into line with Christian theology,
S0 as to be a sort of official philosophy of the Church. That
was how it came about that Copernicus and his followers,
who taught that the Earth moved round the Sun, found them-
sves in conflict with the religious authorities of their age.

49



12. The Age of Copernicus

Copernicus lived at a time when vast and complex changes
were taking place in Christendom. Powerful forces were at
work which influenced both the course of his own life and
the progress of his theory in the years following his death.
It may help us to understand the astronomer's life story if at
this point we take a brief glance at the European scene round
about the beginning of the sixteenth century.

Hitherto Europe had been mostly divided up like a chess
board into little gates. Theinhabitants, from the prince down
to the peasant, were mostly linked together in a chain of rights
and -duties. Here and there, however, were towns and cities
which had freed themsaves from this chain and which flour-
ished by making and selling things, or by trading the natural
products of the country, often overseas. Many of the peasants
in central and eastern Europe wanted to go to the towns to
make more money in this way. But the nobles among whom
the land was portioned out would not let the peasants go.
They kept them to toil in the fields for next to nothing,
while they themselves waged little wars on each other, or on
therich towns. In order to protect their merchandise by land
and sa from pillage and piracy, the trading towns banded
themsdves together. One of the oldest and most extensive of
such alliances, the Hanseatic League, included some eighty
towns of northern Europe, with several of which Copernicus
was closdly connected.

While Europe was split up in this way politically, the
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Church formed a sort of superstate covering the whole of
western Christendom. It was ruled from Rome by the Pope
(the Bishop of Rome) and his cardinals. Europe was divided
up into dioceses (under bishops) and these in turn into par-
ishes (under priests). In every land the clergy formed a sepa-
rate class exempt from the law to which the other inhabitants
" had to submit. The Church everywhere controlled education,
so that no one could teach anything of which it did not ap-
prove. Those who tried to do so were speedily silenced. It
also touched the life of the individual through its ministriesin
baptism, marriage, burial, the bequest of property to heirs,
and so forth. The fees for these services, together with the
tithe, or Church tax of a tenth part of the produce of the soil,
represented a steady drain on the resources of Christendom.
Thiswas increased by the growing practice of offering pardon
for dns in exchange for a money payment. Also much of the
land had been getting into the hands of the Church or of its
orders of monks.

Worst of all, the Church had lost her spiritual vocation.
Many of the priests were sdfish and lazy and grosdy ignorant
of what it was their business to teach. Much of what they
taught had nothing to do with real Christianity, as for exam-
ple, the sale of pardons just mentioned. They did not go to the

"Bible for their religion, but took it at second or third hand,

from commentaries or traditions into which all sorts of un-
scriptural elements had entered. The Popes were sometimes
men of exceptionally evil life. They had a little sate of their
own, and they played at power palitics, backing one side or
the other in the wars of the age as best suited their own
interests.

In the days of Copernicus, this whole state of things was
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breaking down. Europewasforming into large sates, roughly
corresponding to those into which it is divided today. The
little nobles were giving placeto princes or strong central gov-
ernments; and this made for prosperity, for now the workers
were freer to go wherethey were needed, and thelittle private
wars, which interfered with trade, were stopped.

Moreover, large parts of Christendom, notably Englandand
northern Europe, were breaking avay from the control of
Romein religious matters. This movement had apolitical and
a spiritual sde. Politically, it was an attempt to help trade
by stopping the flow of wealth to Rome; dso to unite and
strengthen each country by bringing the priests under the same
laws as everyone dse. Spiritually, it was an attempt to get
back behind the Middle Agesto New Testament Christianity.

Thisreturnto apurer faith wasitself part of alarger move-
ment, of which the return of Copernicusto amore primitive
astronomical theory may perhaps be regarded as another as
pect. Thislarger movement, generally called the Renaissance,
was a grest mental and spiritual experience through which
Europe pased at this period. It marked the change-over from
the Middle Ages to the modern age in which we live. It was
acomplex and long-drawn process, taking different formsin
different countries.

From one point of view, it was a "Revival of Learning,"
particularly of Greek learning, resulting from the transfer to
Italy of what was left of the old Greek civilization. When
the western, or Latin, half of the Roman Empire went down v
before the irruption of the Barbarians, the eastern, or Greek,
half, with its capital at Constantinople, had managed to sur-
vive. But for sometime now the Modems, long since checked
in the West, had been pouring into Europe from anew angle.
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In 1453, twenty years before Copernicus was born, the Turks
captured Constantinople. Anticipating this disaster, the Greek
scholars had for some time been streaming westward to Italy,
bringing with them the manuscripts which enshrined' the old
literature and science. Italy thus became the fountainhead of
what was called the New Learning, which was to exert a
potent influence upon Copernicus during his ten years* s
journ beneath the Italian sky.

With therecovery of Greek learning, men began to have a
clearer vision of the past. But, what was more important,
they caught something of the spirit of the old Greeks them-
sdves. They began to think for themsdves, and to question
beliefs that they had hitherto accepted on the authority of old
books. Therewas also a new mood of enthusasm and vitality,
and an impulse to push into every field of experience, good
or bad. Thiswas partly the motive and partly the result of the
spectacular discoveries made by the explorers of this period.
Copernicus was nineteen years old when Columbus discovered
America.

The Revival of Learning notably influenced astronomy in
the fifteenth century. Thiswas partly through the recovery of
ancient astronomical books in the original Greek, and partly
because, in the spirit of the time, men started to observe the
heavens again for themselves. The stence was stimulated by
the demands of sailors for the nautical instruments and tables
they needed for traveling on their new ocean highways. And,
like all other branches of learning, astronomy profited by the
invention of printing, which, in the lifetime of Copernicus,
generally superseded the tedious and faulty copying-out of
manuscripts as a means of preserving old books and of spread-
ing new ideas abroad.
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An outstanding representative of these new tendencies
in fifteenth century astronomy was John Muller, generally
known by his L atin name of Regiomontanus ("the man from
Kodnigsberg"). He made observations and discovered errors
in the accepted planetary tables of the period. He traveled to
Italy to learn Greek, to study Ptolemy's Almagest in its origi-
nal tongue, and to translate it into Latin. Hefinally settled
in Nuremberg, where he found a wealthy patron, Bernhard
Walther, and craftsmen who made astronomical instruments
for him and printed his books. From his press he issued alma-
nacs and other aids to navigation which were used by several
of the famous mariners of the period.

W ith Regiomontanus we reach the end of this introductory
sketch; for when he died, in 1476, at the early age of forty,
Copernicus was three years ol d.
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13. Parentage and Birth

Whenever anything new and startling happens in the world
around us, weinstinctively try tofind out the cause of it. This
same instinct prompts us to seek an explanation of the myste-
rious fact of scientific or artistic genius when it confronts us
in a Copernicus, a Shakespeare, or a Menuhin. One kind of
explanation consists in unearthing a line of distinguished an-
cestors from whom the genius may, in some degree, have in-
herited hisgifts. Henceinwritingthelife story of agreat man,
we usually begin by trying to trace his descent from earlier
generations.

We know scarcely anything about the ancestors of Coperni-
cus. And even the story of hislife has had to be pieced together
‘from all sorts of scraps of information which have somehow
survived. There are still many gaps in our knowledge. The
peoplewho lived all round the astronomer could have found
out and written down much that would have been of great
interest to us today. But because of their indifference, or be-
cause of the obscurity in which the astronomer lived and died,
his contemporaries allowed these precious memories to fade.
It was not until Copernicus had been in his grave a hundred
years and more that the first reasonably good biography of
him was written. And that was the work of a Frenchman,
Gassendi, who was hopelessly out of touch with the circlesin
which the astronomer had lived and labored. Hence most of
what we know today about our subject has been laboriously
dug out from ol d records by Copernican students, some Polish,
some German, during the last hundred years.
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Thefirst problem we have to face arises out of the fact that,
in the days when Copernicus lived, no one worried much
about the spelling of names. For instance Shakespeare, who
lived some time later, spelled his name in all sorts of ways.
Hence it is a matter of some uncertainty what precisely the
astronomer's family name was. Perhaps we may take Kopper-
nigk as the most usua spelling. In any case, he soon aban
doned the name to adopt the Latin version of it by which he
is aways remembered.

We first come across the name of the Koppernigks as a
place-name in Upper Silesia, on the eastern Sde of Germany.
It is spelled in various ways in Latin documents of the thir-
teenth century. Probably it had something to do with the local
copper-mining industry in which so many of the inhabitants
of those parts were employed. Now people often usad to be
called after the places where they lived; and, by the four-
teenth century, Koppernigk had become a family name. At
that period quite a number of Silesans were moving into the
neighboring country of Poland, which had once contained
Slesawithinitsfrontiers.

The Poles play a considerable part in our story. They first
emergeinto history as agroup of tribes of Savic speech, strug-
gling for exigence againg the enemies who ringed them
round. In the tenth century they adopted Christianity and
became a European power. A great age of Polish history began
in 1386. In that year, the reigning Polish princess, Jadviga,
married Jagiello, the Grand Prince of Lithuania, the rich land
to the esst of Poland. Thus Lithuania was united to Poland
under the-one roya house of the Jagellons. With her eastern
flank secured by the forests and marshes of Lithuania, Poland
was able successully to resst the Germans who had bemn
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PARENTAGE AND BIRTH
thrusting eastward along the Baltic coast. From time to time,
members of the Jagellon family reigned over the neighboring
countries of Hungary and Bohemia, so that the influence of
Poland extended all over eastern Europe.

Like America in the early days Poland was a big, undevel-
oped country, only too glad to admit people from all quarters.
Hence many traders and adventurers of all kinds from what
is now Germany went flocking into Poland. There were also
persecuted Jews and, later, Protestants. These all helped to
form a vigorous middle dass which filled the social gap be-
tween the Polish nobility and the peasants.

Among those who migrated from Silesa into Poland in the
fourteenth century, there were people called Koppernigk who,
as the records show, settled in Cracow, Torun and other Polish
centers, where certain of them acquired rights of citizenship.
Some of these people may have been among the ancestors of
the great astronomer; but we know nothing for certain.

The first of the family to emerge into the light of history
is one Nicholas Koppernigk, the astronomer's father. We
know that he was a merchant, that he lived for a time at
Cracow, and that, not later than 1458, he moved to Torun
where he died in 1483. He must have been a man of character
and busness ability, for he became one of the leading citizens
and, indeed, a magistrate of Torun. There he married into the
wealthy family of the Waczenrodes, or Watzelrodes. They,
too, were of Silesian origin, but they had lived for generations
in Torun, and there, from timeto time, members of the family
had held office as councillors or magistrates. It wasto a daugh-
ter of thishouse, Barbara Waczenrode, that Nicholas K opper -
nigk was married some time not later than 1464.

There were four children of the marriage—two sons and
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two daughters. The girls hardly come into our story. The
elder sgter, Barbara, became a nun, and, in due course, an
Abbess, at Kulm. Theyounger, Katherina, married a merchant
of Cracow. The future astronomer was the youngest of the
family. He was born on February 19, 1473, in ahousein one
of the dreets of Torun, formerly S. Ann€e's Lane, which is
still pointed out as his birthplace. He was named Nicholas
after his father. His elder brother, Andrew, we shall meet
again asthe companion of Nicholasin histravels and studies.



14.  Boyhood

We know nothing about the home life of the young Nicholas
Koppernigk, but we can form a fairly clear idea of the sort of
world in which he grew up. And it is the familiar scenes the
little circle of relatives and friends among whom the child's
earliest years are spent, that make the degpest impression upon
him, rather than thelessons learned later at school and college.

The Greeks had a saying that "the city teaches the man.™
We today are organized into great national states numbering
millions of inhabitants. Our daily lives are regulated by cen-
tral governments in which we feel only a remote interest. But
in fifteenth-century Europe it was different. There, as once in
Greece, the city was the vital and almost self-contained unit
The life of such a city, ordered with dignity and picturesque
pageantry, must indeed have been an education to those who
grew up in its midst. Particularly must this be so when the
child isafuture Copernicus, when hiscity isa perilous frontier -
town, and when hisfather and hisuncles are among the leaders
of the little city-state, helping to shape the course of history
in stirring times.

The town of Torun had been founded on the Vistula in
the thirteenth century by the Teutonic Knights, a German
order of military monks. They were rather like the Knights
Templars, who fought in Palestine to drive the Moslems out
of the Holy City of Jerusalem. The Teutonic Knights, how-
ever, were more interested in European heathens. Now that
the Crusades were coming to an end, they decided to carve out
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anew country for themselves on the east Sde of Germany by
conquering and converting the pagan Prussians. They st up
Torun as a sort of fortified outpost, marking the boundary
between their territory and that of the Poles, who lived to the
south and east. The Poles had been harassed by the Prussans,
and they welcomed the arrival of the Knights, but they soon
found that they had made a change for the worse.

At the time our story begins, the Knights had been having
trouble with their Prussan subjects who had risen in revolt
against them. There had been a war in which Poland had
helped the Prussans. The Knights had lost the western hal f
of their little Sate, and they held the eastern part only as
vassds of the Poles. Thus, less than ten years before the s
tronomer's birth, the town of Torun had come under the pro-
tection of theKing of Poland.

Although Poland lay on the outer fringe of western Chris-
tendom, it was one of the most civilized of the daes of
Europe, at least as far as its city life was concerned. Torun
had once been a prosperous center of trade between western
Europe on the one hand and Poland and Hungary on the other.
By the time Nicholas was born, however, most of this trade
had passad to the great port of Danzig at the mouth of the
Vistula. Still he must often have watched the ships sailing up
the grest river bringing manufactured goods from Germany
and Flanders to exchange for cargoes of minerals from the
mountains of central Europe. It was there, perhaps, in the
business atmosphere that hung about his father's warehouse,
that the boy acquired the knowledge of affairs on which he
wasto draw in later yearswhen hewas called upon to reorgan-
ize his country's coinage.

As arelief from busness cares, there would be excursons
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on summer evenings to the family vineyards outsde the town
by the riversde. Nor would the talk be only of trade. The
Magistrate and his family could mix fredy with people of
the highes soda sanding. Many of them were patrons of
art, musc and letters, and the boy would early be brought
into touch with these things. L ear ning was represented in the
family circle by the mother's brother, Lucas Waczenrode, a
Cathalic pries and a diginguished scholar.

However, the little cirde was detined all too soon to be
broken up. When the boy Nicholas was only ten years of age,
his father died. All the four children were then adopted by
this priest, their maternal unde. He was a ssoond father to
them; and he played such an important part in the agrono-
mer's carex that a word mugt now be said about him.

Lucas Waczenrode was born at Torun on November 29,
1447. At the age of Sxteen he went to Cracow Universty.
Later, as a young man, he crossd the Alps to sudy in Italy,
where he won high honors, graduating at Bologna as Doctor
of Canon Law (Church Law) in 1473. After a dl as a
ghodmader in his native town, Lucas entered the service of
the Church, where hewon rapid promotion. By 1479, hewas
a Canon of Frauenburg Cathedral, in Prussa. Later he went
on a misson to Rome. In 1489 (six years after adopting the
orphan family) Lucas was consecrated Bishop of Ermland or
Warmia, oneof the four diocesss into which Prussa had been
divided for purpasss of Church government. Ermland formed
omething like a little date (avassal gate of Poland) of which
the Bishop wastheruler aswell asthe chief of thedergy. The
Bishop's Palace was at Heilsberg; his Cathedral church was
at Frauenburg on the coest (See Map on p. 86).

Bishop Waczenrode ssams firs to have sent his nephew to
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the S. John's School at Torun where he himself had been a
master. Later the boy attended the Cathedral School of Wl o-
clawek, some way up the Vistula from Torun. The course
there was intended as a preparation for entrance to Cracow
University. Thereisastory about amaster at this school whose
name was Wodka (meaning brandy) but who latinized it as
Abstemius (meaning an abstainer). He was an authority on
constructing dials; and the story goes that he and Nicholas
Koppernigk between them congtructed the sundia on the
south wall of Wloclawek Cathedral.
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When Nicholas was eighteen years old, he said farewell to
his friends at Torun and set out for Cracow, the Polish capi-
tal, to study at the great University there. Hisuncle the Bishop
may already have decided that he should enter the service of
the Church; and thiswas thefirst step to be taken.

Promising young men from Torun generally went to Cra-
cow, Leipzig or Prague Universities. At that time Prague had
fallen out of favor with srict Catholics because John Hus had
started a movement there which had developed into a form of
Protestantism. The choice naturally fell upon Cracow, where
Nicholas would feel less isolated than at German Leipzig.
Hismarried elder sster would presumably be living there. It
was his father's old home town, and there would be busness
connectionswith the place. M or eover, Bishop Waczenr ode was
himself an old student of Cracow, and he could give his
nephew many valuable hints about the conditions in the Uni-
versity. The highest social circles would be open to a student
whose uncle was the ruler of Ermland and in close touch with
the Polish court.

Cracow was then a city famous throughout Europe for its
wealth and culture. It formed a great trading center, bestrid-
ing the road that joined central and western Europe to the
East. In its palace dwelt King Casimir |V, a member of the
great Jagellon family, which had raised Poland to the proud
position she then occupied.
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The Cracow University had grown out of a school founded
in 1364 by an earlier Polish king, Gtsimir the Great. It had
been re-established by Jagiello in 1400, and it had since flour-
ished under the patronage of the kings of Poland. The Uni-
versity taught all the usual subjects of study. But it was one of
the earliest among the northern academies to be influenced
by the new spirit which had arisen in Italy through the re-
discovery of Greek literature. That spirit prompted men to
study the ancient books for the sake of the light they could
throw on theworld of nature and man. It bade them giveup
thedry logical argumentswhich theMiddle Ageshad regarded
as the only way of discovering truth. Nicholas began to be
influenced by this spirit of " humanism" at Cracow, and hewas
to drink more deeply of it in hislater yearsin Italy.

At Cracow, then, some time in the winter of 1491-92 the
name of " Nicholas the son of Nicholasof Torun" wasentered
in aregister which isstill preserved, along with those of about
seventy other new students. The surname of Nicholas is not
given; but there is a note to the effect that he has paid his
entrancefeein full. Four other youngmen from Torun matric-
ulated on the same occasion, among them an " Andrew" who
may well have been the astronomer's elder brother. The two
young men may havelived in a students hostel, as most under -
graduates were required to do. Or they may have had rooms
in their married sger's house.

At Cracow University there were many foreign students.
They camefrom Germany and Hungary, and evenfrom Italy,
Switzerland and Sweden. They conversed together in Latin,
the universal tongue which some people would even now like
to se adopted as a wor ld language, like Esperanto. It was at
Cracow that Nicholas acquired that mastery of the L atin lan-
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guage which he shows in all hiswritings. A knowledge of
Greek, however, was still rarein that part of theworld, and
the language was not yet taught at Cracow. In speaking Latin,
it was natural and convenient to turn the names of places and
people into words of that language. Scholars accordingly
coined for themsdlves Latin (or sometimes Greek) names. It
may well have been at this sage of his career, as he joined the
polyglot throng of students, that Nicholas Koppernigk ex-
changed his Polish name for the Latin form of it by which he
has been immortalized. However that may be, thiswill be an
appropriate point in our story to take that step, and so we
shall henceforward write of Copernicus the astronome.

It was the common practice in a medieval university for a
freshman to begin by attending courses in the Faculty of Arts,
whatever profession he intended to take up, whether divinity,
law or medicine. Copernicus followed thisrule; though it must
be remembered that an arts course in those days contained
many things that we should now dass as stience. In fact the
practice of separating arts and stiences, and of giving degrees
in science, pure or applied, is quite a recent development,
adopted within the memory of people still living. The lectures
at Cracow would mostly consst in reading and explaining the
Latin dasscs and the great books which the University re-
garded as authorities on the subjects with which they dealt.
We know that the young Copernicus attended some half-
dozen courses of lectures on such standard textbooks of the
day. These included Euclid, and they covered philosophy, as
tronomy, astrology, geometry and geography. We even know
the names of the distinguished scholars who gave these lec-
tures. Therewould aso be disputations, or formal debates on
st subjects, between the professors or the senior students.
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The matters debated wer e decided, not on their merits, or ac-
cording to the evidence, but by appedls to the opinions of
old writers.

The teache's in the Polish University would not all be
Poles They would bedrawn from any or all of the Chrigtian
countries, notably from Italy. And when later Copernicus
went to Italy, he would find many Poles teaching there. For
once a man had become a Magter of Arts at any recognized
universty, he had theright to teach at any other.

One of the greates men at Cracow in those days was the
Polish mathematician Albert Brudzewski. For some reason
Copernicus does not appear to have attended his lectures. But
he was personally known to Brudzewski, and was influenced
by him in various ways. It was doubtless at Cracow, and under
theingpiration of Brudzewski, that Copernicus was won over
to the pursuit of asgronomy. Here he laid the foundations of
his knowledge of the subjet, and learned how to handle as
tronomical ingruments and to make observations of the heav-
ens However, judging from the works of Brudzewski that
have come down to us he did not borrow his revolutionary
idess at any rate from the public teachings and writings of
thismader.

There was a flourishing schod of asronomy at Cracow,
though the subject was still taught from the medieval point
of view. That is, the movements of the heavenly bodies were
still explained by reference to Aristotles sygem of phydcs
The subjett was chiefly gudied as a means of keeping the
Church calendar in order. It wasaso mixed up with astrology
—the old Babylonian superdition of trying to foretell future
events from the postions of the heavenly bodies (Chap. | V).
Another motive for the sudy of astronomy which was just
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becoming important was its application to ocean navigation.
Sailors had given up merely coasting along the shores, and
had taken to sailing the high sess They used simple astronomi-
cal instruments and specidly calculated tables in order to try
and find out from day to day where in the world they were.
It was while Copernicus was at Cracow that Columbus dis-
covered America

During his years at Cracow, Copernicus began to make a
collection of books on mathematics and astronomy, some of
which he kept as long as he lived. Many of these books have
been preserved to our own day. Some of them contain jottings
and calculations in the handwriting of Copernicus which date
right back to the days when he was a student at Cracow. Some
of these calculations give us the impression that he had begun
to take the first seps in the construction of his new sysem of
astronomy even at that early stage in his career. However that
may be, by the beginning of 1496, perhaps earlier, he was
back at Torun, his years of study at Cracow ended.

When he |eft the University, it was entering upon a rather
stormy period in its history. King Casimir had died in 1492.
Copernicus would s the funeral, and would meet his uncle
when the latter came up to Cracow with the nobility to help
choose the new king. From the frontiers came war-scares about
the Turks and Tartars. And in the University itself, not all the
students took kindly to the new tendencies in education; they
split up into rival gangs. Generally the cleavage followed
national lines, producing the spectacle of German "human-
ists’ fighting Hungarian "scholagtics' in the Streets.

We do not know whether Copernicus took any degree at
Cracow. Very possibly he did not. Of the seventy or so Arts
men of hisyear, barely afifth proceeded to the B.A., and only
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onetotheM.A. But he always had happy memories of his days
in the Polish capital. He corresponded with former teachers
.and fellow students, and the official duties of his later years
afforded himwelcome excusesto revisit thecity timeand again.

Bishop Waczenrode was anxious to see his nephew properly
settled in life, with enough money to live on. One way of
effecting this was to have him appointed to some office in the
Church which would bring him in a steady income. He reck-
oned on being able to use his influence to have his nephew
made a canon in his own Cathedral at Frauenburg. True,
Copernicus was only 22; but that need be no objection. In
those days there was a case of a boy of 14 who was made a
cardinal. The number of canons was limited; so it was neces-
sary to wait for a vacancy to occur in the Chapter—the com-
mittee of clergy who helped the Bishop to run the Cathedral
and diocese. One of the canons conveniently died. But that
month it was the Pope's turn to choose a successor, and so the
first attempt to secure the election of Copernicus to the Chapter
came to nothing.

Nowadays we should think it wrong for a man to become
a priest or a minister for the sake of making a living. But in
those days very few people thought anything about it. Some
people, however, did object to this and to even worse scandals
in the Church. Their protest was part of the great religious
and political movement to which wereferred in Chapter X I | .
On the one hand there was the Reformation which led to the
Protestants' breaking off from the main Catholic Church to
secure stricter discipline and more Scriptural beliefs. On the
other hand there was the Counter-Reformation by which those
Christianswho stayed in the Catholic Church raised the spirit-
ual standards of its priests to the vastly higher level which we
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amog everywherefind today. Copernicuswasa man in middle
life when Luther broke with Rome. The ethoes of the great
controversy, quickly reaching the eagtern limits of Chrigten-
dom, wereto digurb the agronomer's lagt years
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W hile awaiting the next vacancy in the Frauenburg Chapter,
Bishop Waczenrode decided that his nephew should continue
his education, this time in Italy. If he was going to be a
Churchman, he had better learn something about Canon L aw
—the legal code, drawn up by Popes and Councils, according
to which the Church governs itself.

The most famous school of law in Italy was the one at
Bologna, which dated from the beginning of the twelfth cen-
tury. Accordingly it was to Bologna that Copernicus repaired
in thefirst instance, setting out from Ermland, where he had
been staying with his uncle, in the auturpn of 1496. Students
from Prussia bound for Italy had the choice of two alter native
routes. One led through Vienna and over the Semmering Pass
to Venice. The other went through central Germany to Augs-
burg, and thence over the Brenner Passto Verona. Copernicus
seems to have chosen the latter route, calling at some of the
famous German cities on the way, notably at Nuremberg,
whereBernhard Walther, the instrument-maker and patron of
astronomers, still lived.

In those days Italy was the fountainhead of the newly re-
covered culture of Greece and Rome. Students used to trek
thither acrossthe Alpsfrom northern Europe. Under the blue
Italian ky they learned Greek from thelipsof native teachers
who alone understood the intricacies of the old language. Or
they explored theL atin literatureamid the magnificent monu-
ments and the haunted landscapes which had seen its birth.
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Then there were the pilgrims who were drawn to pontifical
Rome by the aura which still clung around the throne of the
Vicar of Christ and the graves of the martyrs. Lucas Waczen-
rode had happy memories of his own student days beyond the
Alps. But Italy was no longer what she had been. Copernicus
found the country ravaged by the French invaders, and sinking
into an appalling state of wickedness. Rodrigo Borgia, a secret
poisoner, was Pope, while the godly Savonarola, fearlessy
denouncing the evils of the time, was qualifying for the
scaffold.

Bologna was one of the oldest of the European universities.
It had come into being almost by accident when the fame of
a great teacher had brought students flocking to his feet from
all over Europe. Inthe Middle Ages, a man who left the place
wher e he belonged and went to live in some strange city found
himself at a great disadvantage. He had none of the rights
which belonged to the regular citizens. It was thus natural
that university students should band themselves together for
mutual protection and should demand recognition from the
citizens. It was also natural that a city should grant privileges
to the students in return for the increased prosperity which
their presence brought to the trade of the city, and for fear
lest they should migrate elsewhere and take their cusom with
them, as they often did. Hence the student community in a
city cameto form almost a little sate with its own rulers and
laws.

The teachers tended to form another group bound together
for mutual support. It was their special concern that no man
should enter their ranks or share their privileges unless he
first proved his fithess to do . Thus examinations and de-
grees began as the recognized avenue through which a scholar
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could pass from the student ranks to the privileged dass of
the teachers, or Doctors. A student taking a degree was like
an apprentice becoming a properly qualified craftsman in one
of the craft-guilds of the time. In fact the word we trandate
as university was often used of the body of skilled craftsmen
who made up some particular guild. But it came in time to
mean more especidly the body of students, or the body of
teachers, assembled at some particular place, or the whole
institutioninwhichthey played their parts. -

In some universities, as a Paris, the association formed by
the teachers was all important; and that is the sysem with

‘whichwe are most familiar today. But Bologna University was
run by the students themselves. It was governed by a Rector
elected every two years. He acted on the advice of a council;
but in the last resort his authority was derived from the mass
meeting of all the students. The Rector's office was no bed of
roses, and he often accepted election under pressure, as the
Specker of the House of Commons traditionally does. His
troublesbegan with hiselection. At onetimeit wasthe custom
for the students to celebrate this event by tearing the clothes
off the new Rector's back, and then selling him the pieces at
aruinousprice.

Student life at Bologna was fairly free and essy. It was the
professors who were kept in order by strict regulations! A
teacher had to swear to obey the Rector, or be deprived of the
right to teech at all. He wasfined if he fell behind schedule
in hiscourse of lectures, or if he left anything out, or if hewas
late in starting his lecture or went on speaking too long. He
was dso fined if the attendance at his class fell below a cer-
tain number. He must not take a day's leave without specia
permission from Rector and students; and if he left the city
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he had to pay a deposit which was forfeited if he did not come
back. If he married, his honeymoon was limited to one day.

The law school at Bologna was largely independent of the
other faculties that had grown up beside it to form the Uni-
versity. The law students were generally rather older than the
others, many of them having already taken first degrees. They
were grouped into "nations' roughly corresponding to the
parts of Europe from which they hailed. Thus Copernicus was
enrolled in the German " nation/' one of the largest and the
most privileged of them all. The original register containing
his name has been preserved; it proves that he entered upon
his studies at Bologna in the autumn of 1496.

From the old rules of Bologna University that have come
down to us it is possible to form some sort of idea of the every-
day life of Copernicus as a student there. His day would be
divided up by the church bells ringing for service. His first
lecture might begin as early as saven o'clock in the morning,
and last for two hours, students being expresdy forbidden to
show impatience by "drumming on their benches" The regt
of the morning would usually be free; but after lunch there
wer e dassss for another three and a half hours. Besdes general
courses on the standard law books, there would be extra lec-
tures on special books, or points of interest; also debates be-
tween teachers and students, or among the students them-
sves

Canon law, then, was Copernicus's professed subject of sudy
at Bologna. But his wide range of interests covered many other
branches of knowledge as well—particularly mathematics
and astronomy. In fact, the most important influence upon him
at Bologna was that of the Professor of Astronomy there, one
Domenico Maria da Novara (1454-1504). It is possible that
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Copernicusroomed in Novara's house. Nor mally, students as
old ashewas lived in lodgings at a controlled rent which was
fixed each year by a committee made up of sudents and towns-
folk. At any rate Domenico and Copernicus observed the
heavens together, and they freely discussed plans for improv-
ing upon the old Ptolemaic system, and for simplifying it in
various ways. Domenico da Novara was one of the leading
spiritsin thegreat revival of Greek sudieswhich wasjust then
sweeping through Italy and spreading into northern Europe,
reaching even remote Cracow, as we have seen. The ideas
behind this movement largely went back to Plato and even to
Pythagoras. On the scientific side, they led men to try to pic-
ture the Universe by means of simple geometrical figures, or
relations between numbers. And his friendship with one of
the leaders of this movement must have encouraged Coper-
nicus to go ahead with plans for reforming astronomy along
these lines.

We know that Copernicus actually observed the heavens
at Bologna from the fact that the earliest observation of his
own which he mentions in his book of 1543 dates from this
period of his career. It is an observation of the exact time at
which the Moon was observed to pass in front of the bright
gar Aldebaran, hidingit from view (on March 9,1497).

Copernicuswasjoined, latein 1498, by hisbrother Andrew,
who had also come to ItaIy'to study Canon Law. How far the
brothersjoined in the notoriously wild student-life of the city
it is difficult to judge; but their expenses were considerable.
Both were still largely dependent on their mjIBe. Towardsthe
end of 1499, they ran out of cash. Happily, the Bishop's s
retary, who was on a misson to Rome, was staying at Bologna.
To him the brothers appealed, Andrew threatening to go to
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Rome and take thefirstjob that offered if speedy help were not
forthcoming. The secretary, indeed, was in no better case than
they; but he put themin touch with the Ermland representative
at the papal court, Bernhard Sculteti, who proved a friend
indeed.

After three and a half years at Bologna, Copernicus was
ready for achange. The Church was observing 1500 as a Jubi-
lee Year. Priests and monks and devout Catholics flocked to
Rome from all over Europe. Copernicus went there, too, with
his brother in time for the Easter celebrations; very likely they
acted in some sense as official representatives of the Ermland
Chapter. They must have been present at the great ceremony
on the Easter Sunday afternoon, when 200,000 people knelt
in the open air to receive the Pope's blessing. It was during
the visit of Copernicus to Rome that the Pope's son, Cesare
Borgia, arranged the murder of his sister Lucrezia's husband,
a deed for which he was never called to account. Ten years
later, Martin Luther would come from Wittenberg to Rome,
to return thence zealous for the reform of the Church.

Copernicus remained in the Eternal City for a whole year,
givinginformal lectures on mathematics and astronomy. From
the period of his stay at Rome dates another of the observa
tionswhich he used in his book. Thistimeit was an eclipse of
the Moon, on November 6,1500.

While Copernicus had been studying at Bologna (it was
probably in 1497) hisuncle had put his name forward a second
time for election as a canon of Frauenburg Cathedral. This
time he was successful; though Copernicus did not actually
enter upon his duties until years later, when he had finished
hisstudiesin Italy. His brother Andrew was similarly elected
to acanonry in 1499. Early in 1501, the two young men paid
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a short vist home, and they were formally ingalled in the
Cathedral Chapter on July 27 of that year. Immediately they
applied for further leave of absence to resume their sudies
in Italy. Thiswas granted after some discusson, the Chapter
being favorably influenced by a proposal from Nicholas that
he would undertake the sudy of medicine. Before the summer
was over, the brothers had st off again on their travels. They
aosed the Alps together and then parted, Andrew making
for Rome, and Nicholasfor Padua.
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17. Tadua and Ferrara

Throughout the Middle Ages, students were allowed, and
even encouraged, to move from one university to another.
Wherever they went, they could start their studies at the stage
towhich they had previoudly carried them. Sowhen Copernicus
returned to Italy, he sought out the University of Padua.
Here, too, there was a famous school of law. It had been
founded in the thirteenth century by teachers and scholars
who had migrated from Bologna. We are reminded in Shake-
geare's Merchant of Venice of the fame of Padua as a center
of legal studies. When Portia enters the law court disguised
as a lawyer, she pretends to have come from Bellario, a
"learned doctor" of Padua whom the Duke has summoned to
give his counsd on the suit of Shylock. Around the original
law school, there had grown up a complete University. It
was noted for its medical studies; and this may have been
another reason why Copernicus was attracted to Padua, snce
medicine was now to be one of his principal subjects. Or per-
haps both brothers felt it was time to break away from the
distractions of Bologna. Copernicus would miss the friendship
of Domenico da Novara; but his place may have been filled
in some measure by the Paduan professor Girolamo Fracas
toro, philosopher, physician and astronomer. He was a re-
former in all these departments, and he may have helped
Copernicus to break away fom the Ptolemaic tradition.
Copernicus, then, completed his law studies at Padua; but
for some reason he did not graduate there. He chose instead
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the University of Ferrara, where, in 1503, he was awarded the
diplomaof Doctor of Canon Law in the picturesque ceremony
customary on such occasons.

- A candidate for the doctorate had first to swear that he had
been through the proper course of study. He was usually pre-
Ssented to the University authorities, or "promoted"” as it was
called, by aDoctor who would normally be his own tescher.
The candidate appeared before the assembled Doctors who
assgned him two passages in Canon Law. He retired to study
them with the assgance of his "promoter;" and later in the
day he appeared again before the Doctors to give an explana
tion of the two passages, after which the Doctors were free
to question him on them. A vote was then taken by ballot as
to whether the candidate should pass. If the vote was favor-
able, hebecame alicentiate, and proceeded (i f hecould afford
the expense) to the public examination which made him a
full Doctor. The private examination wes the real test; if he
pasd that, the rest was aformality.

When the great day of the public examination arrived, the
candidate proceeded to the Cathedral accompanied by his
"promoter" and hisfellow students. He there made an oration,
and delivered alecture on apoint of law, defending hisviews
againgt student opponents. He was then seated in the master's
chair, and was presented with a cap, a book and a gold ring,
together with acertificate or diploma. (Copernicuss diploma
cameto light not many years ago.) His"promoter" gave him
the kiss of peace; and the proceedings were followed by a
generd jollification at the new Doctor's expense. The charges
represented by thislatter item were often so heavy that acandi-
date might prefer to take the final ceremony at some University
other than hisown, thusgiving hisconvivia friendsthe dlip.
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That may have been the reason why Copernicus graduated at
Ferrara. After taking his degree, he lingered on for some
monthsin the city. Magnificent buildings were going up there
under the patronage of the Duke, Ercole d'Este. The Duchess
was none other than the Pope's daughter, Lucrezia Borgia,
who, after many adventures, had settled down at the early age
of twenty-two to a life of good works.

Back again at Padua with his law dasss finished, Coper-
nicuswas able to start work in earnest on the study of medicine.
It was not that he intended to become a practitioner, and, in-
deed, he does not appear to have taken any medical degree.
But in those days it was thought quite fitting that a Churchman
should know something about the art of healing, so as to be
able to minister to the physical as well as the spiritual needs
of his flock. Otherwise, there was no skilled medical aid for
the sck poor, only quacks and charlatans. In fact one of the
conditions under which Copernicus enjoyed these further years
of freedom and financial support was that he should acquire
this knowledge. He was not expected to go in for surgery,
which, in those days, before the invention of aneshetics, was
a pretty ghastly business, calling for a greater degree of tough-
ness than a mild Churchman could be expected to poses

Unlike what we find in a modern medical school, medicine
was then largely taught out of books. There were rules sup-
posed to have been written by the Greek physician Hippocrates
in the fifth century B.C.; and there were the writings of the
Roman doctor Galen of the second century A.D., and of Avi-
cenna, the Arab chemist and medico of the eleventh century,
with other lessr authorities. But practical anatomy was still
generally regarded with the same mixture of distrust and re-
pugnance with which psychical research, or spiritism, isviewed
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today. Dissection of the human body had long been banned
altogether. Now it wasmerdy employed toillustrate what was
in thebooks At Padua, asesawhere, it wascugomary to utilize
the corpses of executed criminalsfor thispurpose Oneteacher
read out of the book, a ssoond explained the passage and
then, asiged by two snior gudents demondrated it on the
body (Fig. 8). At some Italian universties the teachers and
sudentstaking part in a dissection werefortified with a gpeda
issue of food, wine and pices There was very little training
in the treatment of actual patients, such as a modern medical
sudent recaves in walking thewards of a hospital.

The gulf between astronomy and medicine did not appear
S0 great in those days as it doesto us For the stences were
not so gpecialized and sdf contained as they are today. More-
over, in the Middle Ages there was supposad to be a mydic
correspondence between the several parts of the Universe, and
the organs of the human body. It was even supposad that the
body was a small-scale modd of the vast Universe. Old manu-
ripts that have come down to us often have diagrams show-
ing each part of the body connected with a corresponding Sign
of theZodiac—the head with the Ram, the feet with the Fishes,
and soon. In abook published theyear after Copernicusdied,
we are told that the brain corresponds to the phere of dars
theeyesto the Sun and M oon and the ears, thenogtrilsand the
mouth, to the other five plangts This, of coursg, was all part
of theprevailing bdief in agrology. Another link between the
two sdences was the daborate st of rules as to the times of
night, or of the month, in which medicinal herbs were to be
gathered.

In alater Chapter we shall say something about the practice
of Copernicus as a physician. But there was one other impor-
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tant event which marked this gagein the career of the asron-
omer. Sometimeduring hisgay in Italy, and probably during
the Padua period, he learned Greek. This meant that he was
now able to read the original works of Greek writers which
had not yet been trandated into Latin. And some of these
writershelped to ingpireand confirm the new ideaswhich were
gradually crygallizing in his mind.

But now his leave of absnce was running out; a war was
-cresping up Italy towards Padua, and it wastimeto be moving.
At some uncertain date, but not later than the beginning of
1506, Copernicus was badk in Ermland, his years of foreign
travel and gudy over forever.
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18. Hellsberg Castle

Copernicus returned from Italy a man in his early thirties,
having had an education such as few enjoyed in those days.
Hehad received thetraining in theology and philosophy which
was required of a clergyman, and he had carried his studies
in Church Law to the level of the doctorate. In the meantime,
he had gained a fluent mastery of Latin, written and spoken,
and a respectable knowledge of Greek. He had read many of
the famous dasscs of Greece and Rome, which now abound
in school editions, but were then the prize of the manuscript-
hunter. Besdes these literary classics, the ancients have left us
great mathematical and astronomical books which few people
read nowadays. Copernicus had studied deeply in these works,
and they taught him all that was then known about these sub-
jects, and served as the foundations upon which his own crea-
tive work was built. Lastly he had made himself acquainted
with what passed for medical knowledge in his day.

After so many years of preparation, Copernicus might now
at last have expected to settle down to his duties as a canon
of FrauenburgCathedral. But Bishop Waczenrode was ageing,
and he wanted his nephew near at hand to keep him company,
to assg him in governing his little domain, and to act as his
medical attendant in case of illness. Perhaps, also, the Bishop
hoped to save his brilliant nephew from consuming his time
and energy in the petty duties which the Chapter would have
laid upon itslatest recruit. Hemay even haveintended to train
theyoung man ashiseventual successor in the Bishopric. How-
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ever, it wasas private physcian to the Bishop that Copernicus
now obtained further leave of absence—for over Sx years as
it proved.

So Copernicus took up his abode at Heilsherg Cadle, the
official resdence of the Bishops of Ermiand. The Castle sood
on the little river Alle, about 40 miles southwest of Frauen-
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burg, in a pictureque, well-watered countrysde In those
gormy timesit had often auffered from fireand foe. Asrecently
aswhen Copernicuswas at Bologna it had been partly burned
down. But Lucas Waczenrode had rebuilt it, grimly fortified
without, but richly furnished within; and there he lived in
amod royal date
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Ermland was the largest of the Prussian diocesss. The Order
of Teutonic Knights owned two-thirds of the land to the
Bishop's one-third. But, by his shrewdness and force of char-
acter, Lucas had kept his little state largely independent, while
the other three dioceses had been swallowed up by the Order.
There was a rule that members of the Order were not to be-
come canons of Frauenburg; otherwise the Chapter would
soon have been swamped out with Teutonic Knights.

For sx years, then, Copernicus took part in the intricate
business of governing the little state of Ermland, and of man-
aging its relations with the neighboring sates On the one
side were the Teutonic Knights, anxious to maintain and ex-
tend the power that still remained to them. On the other sde
was the kingdom of Poland, equally anxious to grab all the
territory that had belonged to the order. Squeezed in between
these quarrelsome neighbors, little Ermland had a hard task
to survive at all. Lucas Waczenrode had had trouble with the
Polish King over his consecration as Bishop; but that had been
smoothed over, and now his influence was thrown to the Polish
sde. He accordingly incurred the hatred, of the Order, which
did everything possble to undermine his authority, and, as
the story went, prayed daily for his death. On his part, Bishop
Lucas had a plan for packing off the Teutonic Knights to fight
theTurks; but it cameto nothing.

After the Order had been forced to give up West Prussa,
there was a conflict between the Prussan population of that
area, who wanted to be completely independent, and the King
of Poland, who wanted to incorporate them in his Kingdom.
The Bishop had the delicate task of mediating between these
two contending parties. It fell to Copernicus to represent Erm-
land at local Polish or Prussan parliaments, or diets, and to
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accompany, or adt for, his uncde on diplomatic missons to
Cracow or to Torun. It wasalso part of hisdutiesto draw up
memorials or addresss to the King of Poland, and to take
the minutes of the proceedingsin the Chapter. Copernicusalso
shared with his unde in a sheme, which came to nothing,
for founding a Humanigt Universty at Elbing, in Prusda, for
gudentswho could not afford to sudy in Italy.

But at Heilsberg Copernicus found time for pursuits of a
very different kind. For it was there that he began to s in
order his shame for refashioning astronomy on entirely new
lines. We have ssn how, as a dudent at Cracow, he had
realized that the apparently complicated movements of the
planets could be made much smpler by supposng that the
Sun, and not the Earth, wasthefixed central body about which
the planetsrevolved roughly in crdes Later, in Italy, he had
been grongly influenced by men who thought that the world
of nature was really quite smple, and that, if it appeared
complicated to us that was because we did not undergand it
properly. Hence the smplet way of representing how the
planets move mug be the truest. Now, at Heilsberg, he began
to & down histheory in writing. About 1512, or alittleearlier,
he wrote a short general acoount of his new sygem. Its Latin
titlemeansthe" Little Commentary.” Copernicusgavewr itten
oopies of this short tract to a few trusted friends; but he did
not publish it in book form. In fact it wasnot until towardsthe
dose of the lagt century that it was firg printed—from two
manuscript copies that have fortunately survived. It represents
a definite gage in the gradual devdopment of his ideas

However, the" Little Commentary" wasonly a sort of first
fruits, the token of a greater harvest to come From now on
we shall catch occasonal glimpses of a great work to which
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HEILSBERG CASTLE
Copernicus st hishand about thistime. Thiswas nothing less
than building up his new scheme of the world into a complete
system, numerically precisein every detail, and setting it forth
in a book which was to become one of the dasscs of science.
This task was to run like an increasing purpose through the
duties and formalities of thirty years until at the last the new
world-system would come to birth like a Phoenix from the
mortal ashes of its creator.

For about six years Copernicus lived thus at Heilsberg
Castle. Then an event occurred which brought to a close this
phase of the astronomer's career. Lucas Waczenrode and his
nephew had come to Cracow to be present at the wedding of
King Sigismund, and the coronation of his young Queen. On
theway back to Heilsber g, the Bishop was overtaken by sudden
illness. He was only in the middle sixties, but he was already
worn out by the strain of the anxious and responsible position
he had now held for over twenty years. It waswintry weather,
and the sck man was taken to the nearest place of shelter. It
happened to be Torun, his birthplace; and there he died on
March 29,1512. Hisbody wasborneto Frauenburgand buried
intheCathedral.

It was said of Lucas Waczenrode that he was never known
to laugh. And there is much to repel usin this hard-headed
prelate, so zealous and cunning in his fight for the worldly
power and prestige of his Church, so lacking in the tenderer
Christian graces. Even Copernicus himself cannot always have
found life easy with the self-willed old Prince of the Church.
But he was rightly grateful to his uncle, as also we may be,
for giving him, asthe occasion of those times best served, the
one kind of life in which his genius could flower and bear its
fruit. Today Copernicus might have become a research fellow
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of aunivergty or inditute. In the Sxteenth oentury, he became
acanon of Frauenburg.

However, the death of Lucas Waczenrode marked the end
of Copernicuss long resdence at Heilsherg; and he now pre-
pared to take up hisabode at the Cathedral. By June 5, 1512,
hewas at Frauenburg, for he observed there on that date, an
oppostion of the planet Mars.
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19. Copernicus the Humanist

One of the ways in which Copernicus tried to show his grati-

tude to his uncle, the protector of his orphan boyhood, was
by dedicating a book to him. It was the only book he ever

brought out on hisown account, and it had nothing to do with

astronomy. It was a Latin trandation he had made of the
Greek verses of an old poet called Theophylactus Simocatta,

who lived in the Byzantine, or Eastern Roman, Empirein the
seventh century A.D. Theophylactuswas not a great poet; and

it is not easy to say why Copernicus chose his book for trans

lation. Perhaps he had worked through it as a textbook while
he was learning Greek, or perhaps he chose it because it was
short and easy.

The book is a collection of eighty-five brief poems called
Epistles, or letters, supposed to have passd between various
characters in Greek story. They are of three kinds—moral,
offering advice about how people ought to live; pastoral,
giving little pictures of shepherd life, and amorous, consisting
of love-poems. They are arranged to follow one another in a
regular rotation of subjects.

Copernicustrandated the Greek versssinto Latin prose. His
knowledge of Greek wasimperfect, aswas to be expected from
the great difficulties which students of the language had to
overcomein those days. Greek grammarsand dictionarieswere
only just beginning to appear. Copernicus's copy of Chreston-
iuss Greek-Latin dictionary is preserved at Upsala, in
Sweden, with notes in his handwriting, and his signature in
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Greek. He dedicated the book to his uncle, as an act of grati-
tude for all the benefits he had received from him. And in
1509, when thetwo men werein Cracow together on a political
errand, Copernicus had the little book published at a printing
pressin thecity. It was an event of some importance as one of
the earliest attempts to introduce Greek literature into that
bleak corner of Europe. Copernicus thereby proclaimed him-
«df as on the sde of the "humanigts' in the struggle then
going on over the question whether Greek literature ought to
be revived or not. The'scholastics’ feared that it would lead
to a revival of ancient heathenism; and they were not far
wrong so far as | taly was concerned.

However, the trandation of Theophylactus attracted very
little attention, and it was soon forgotten. It was not until the
eighteenth century that copies of the book began to be dis
covered and treasured by collectors as the work of the great
asronomer. One reason for this neglect was doubtless that
the name of Copernicus did not appear on the title page but
only at the end of the Dedication.

In those days it was the custom for an author to ak his
friends for poems to put in the front of his book. Copernicus
had a friend whose name was Rabe (meaning a raven), but
who had changed it to Corvinus, from a Latin word meaning
the same thing. He had been a wandering scholar who had
taught for a time at Cracow, where Copernicus had attended
hislectures. Now he had settled down astown clerk of Breslau,
the capital of Silesa. Corvinus wrote some introductory verses
for Copernicus's new book, in which he compared the astron-
omer's loyalty to his uncle with that of Achates to his friend
Aeneas in Vergil's poem. He then spesks of Copernicus as
"exploring the rapid course of the M oon, the various motions
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of that gar, the Earth'sbrother (the M oon), and of thewhole
&Ky and the planets, the wonderful creation of the Father of
all. Starting from wonder ful principles, he knows how to ex-
plore the hidden causss of things" So here we have, perhaps
the earlies suggegtion of the lines along which the mind of
Copernicuswas alr eady wor king.
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20. FrauenburgandAllenstein

Thelittletown of Frauenburg $ands on the coegt of what was
once Eag Prussa, overlooking a lagoon of fresh water which
opens into the Baltic. The houss duder round a datdy
fourteenth-century cathedral built on a low hill. From this
risng ground one glimpses to ssaward the sandy spit which
divides the lagoon from the darker waters of the Baltic. To
landward the eyeres on a rich, well-watered countryside.

The Teutonic Knights had fortified the Cathedral hill, a
very necessary precaution in lands newly won from heathen-
dom. In the course of the wars between the Poles and the
Teutonic Order, the little town had changed hands several
times, for it was of someimportancein war. Finally a massve
wall was built round the Cathedral for its better protection.
This wall was grengthened by turrets which, in peacetime,
afforded extra accommodation for the members of the Chap-
ter, whose regular apartments were within the wall. The
younger canons were usually allotted the least comfortable
guarters, they moved into better ones as the older members
of the Chapter died off. Copernicus however, ssams to have
lived all through the thirty years he pent at Frauenburg in
the same rooms They were in one of the turrets, which served
him asan observatory.

In the time of Copernicus, the canons of Frauenburg num-
bered about sxteen, including five "prdates’ who were
charged with spedia duties They were all under obligation to

"kemp resdence” that is, to live near the Cathedral, although
A
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FRAUENBURG AND ALLENSTEIN
in practice, aswe have seen, leave of absence could be obtained
for all sortsof reasons. It wastheir duty to conduct the services,
to hold morning and evening devotions, and to recite masses
They were also to advise and assg the Bishop in carrying on
the spiritual and temporal busness of the diocese. They were
allowed, and wereeven required, to livein acertain style, with
at least two servants and three horses apiece. Their income
was derived from the ownership of land. The Bishop owned
-one-third of Ermland, and one-third of thisin turn was for the
benefit of the canons. Each brother had also his own freehold in
the neighborhood of the Cathedral. The spiritual tone of the
Chapter was low. The canons generally shrank from taking
priestly vows, except those who aspired to be prelates or
bishops. In fact, in Copernicusstime, the Frauenburg Chapter
could barely muster one priest for the service of the altar.

When Copernicus settled at Frauenburg, he would already
bewell known there from his fregquent visits to the Cathedral.
Some of the canons were his relations, the Chapter being
largely drawn from the leading families of Danzig and Torun
whointermarried extensively. Hisbrother Andrew was alr eady
living there; but Copernicus did not enjoy his society for very
long. Andrew had developed leprosy, or some such disfiguring
disease; perhaps he had picked it up as a student in Italy. His
brother tried his medical skill on him, but to no purpose: In
1508, the invalid had been granted a year's leave of absence
to travel in search of a cure; but in vain. In 1512, the year
Nicholas went to live at the Cathedral, Andrew was forced to
withdraw from the common life of the Chapter for fear of
infecting his brethren. He died abroad, probably not later than
1519.

During his first few years at Frauenburg, Copernicus does
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not appear to have been overworked. It is probably from this
period that we must date the original draft of his great book,
and the earliest of the several revisions that the manuscript
underwent before its publication in 1543, some thirty years
later. But, as the years passed, he was increasingly pressed by
the responsibilities for which he was marked out by his inti-
mate knowledge of the peculiar situation of the little Sate of
Ermland.

Right at the start the question arose, Who should succeed
Bishop Waczenrode? A nd the yet more delicate question, Who
should have the choice of his successor ? The King of Poland
claimed the right to choose the Bishops of Ermland, and he
was backed up by the Pope. In the end, the King agreed to the
Chapter's choice of one of their own number, Fabian von
Lossainen, as the new Bishop. But he insisted that, in future,
the Chapter should submit a list of possible candidates to the
King, who would then pick out four, any one of whom would
be agreedble to him. Copernicus himself was included on the
short list for one of the later vacancies of the bishopric; but
it was only a formality. The Chapter feared that the King
would some day appoint a Polish Bishop, as indeed came to
pass, though not until after the astronomer's desth.

Towards the close of 1516, Copernicus was appointed to
manage two outlying estates bel onging to the Chapter. Hewas
made respongble both for the local government and for the
administration of Church affairs at Allenstein and Mehlsack.
His headquarters were at Allenstein Castle, about 50 miles
inland from Frauenburg, on the same river Alle that flowed
past Heil sberg. From there he used to ride out with his servants
to makethe circuit of histerritory. Aninteresting relic of this
dage of the astronomer's career has come down to us. It is
96



FRAUENBURG AND ALLENSTBIN
the book in which he recorded all the transactions involving
the transfer of property on hislittle domain.

Copernicus would dso come to Frauenburg from time to
timeto se hisfriends, to attend meetings of the Chapter, and,
if opportunity offered, to observe the heavens from his little
turret observatory. Asmany of the observations of Copernicus
belong to this period, and as they were soon to be interrupted
by the outbreak of war, this may be a convenient point at which
to attempt some account of hiswork asapractical astronomer.
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21. Copernicus the Observer

When Copernicus settled at Frauenburg, he chose for his liv-
ing-quarters one of the turrets on the defensive wall which
enclosed the Cathedral. " Copernicuss Tower" isidentified by
an old tradition as the turret which stands at the northwest
corner of the enclosure (PlateV 1 ). He must have chosen the
place aswell suited for an observatory, commanding as it did
an uninterrupted view in all directions except to the east. The
Tower has a basement and threefloors. Ther e used to be a door
opening out of it on to the top of thewall, where there was a
platform from which open-air observations could conveniently
be made. Ever dnce the seventeenth century, " Copernicuss
Tower" has been carefully preserved-as a hallowed spot. It
contains a portrait of theastronomer; and it was recently being
used astheCathedral Library.

Frauenburg was not a very good place for an observatory.
It liesso far north of the equator that the planets always appear
far down towards the southern horizon. They have to be
viewed through a great thickness of air, filled with the vapors
rising from the sea and from the well-watered plain in which
the town gtands. But it had the advantage of lying nearly on
the same meridian as Cracow, a capital and university city to
which, as a point of reference, observations could fittingly be
referred.

The making of astronomical observations was an essential
part of the work of Copernicus. For his theory was not just a
vague suggestion such as an early Greek philosopher might
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FIG. 10. AN ASTRONOMICAL INSTRUMENT OF
THE AGE OF COPERNICUS

- The wooden quadrant of George Purbach (c. 1450). The movable
arm, freetoturn about a pin at the top right-hand corner, isdirected
by means of the two sghts toward a dar, the tangent of whose alti-
tude is then read off the graduated sdes of the quadrant.

havethrown out. It was meant to stand comparison with exact
measurements of the positions of the heavenly bodies at defi-
nite times. Such measurements had been made by the Greeks
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and the Arabs. Many of their results had been handed down
and wer e available to Copernicus. As a matter of fact, many
of these old observationswereworth very little. They had been
made with crude instruments, and some of the results were
bogus. And therewas always the danger that, in copying them
from one manuscript to another all down the ages, dips had
occurred. Copernicustook them all on trust, at their facevalue.
Hegave himself a lot of unnecessary trouble, and he made his
theories needlesdy complicated, by trying to makethem agree
somehow with all the observations, good, bad and indifferent,
that had comedown to him.

Nevertheless, there was an idea abroad that the heavens
had undergone dow changes with the lapse of the centuries.
Hence Copernicus felt that he ought not to rely merely on
these old observations, but must make a fresh st of measure-
ments on which to base histheories. That was why hewanted
an observatory.

It must not be supposed, however, that Copernicus was a
great observer, and that that waswhy we give him an honored
place among astronomers. His instruments and methods wer e
cruder, and his measurements less exact, than those of the best
of the Greek astronomers more than a thousand years before
hisday. He had no exagger ated opinions about hisown capaci-
ties in this matter. We know that it is possible, without the
aid of atelescope, to measure an anglein the sky with an error
of only about one or two minutes of arc. (The apparent
breadth, or " angular diameter," of theSun or M oon in the ky
represents an angle of about thirty minutes of arc at the eye,
asshown, with a great exaggeration of thisangle, in Fig. n.)
But Copernicustold hisfriend Rheticusthat if he could meas-
ure such angles correct to ten minutes he would be as happy
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as Pythagoras must have been when he discovered the proposi-
tion about the squareson the sdes of the right-angled triangle.

In hisbook of 1543, Copernicus describes the several kinds
of insruments employed by Ptolemy, and still occasionally
used in his own time. But he does not make it quite clear
whether he himself possesed all these types. However, he
seams to have made at least two of these instruments, follow-
ing the descriptions of them given by Ptolemy.

Wi

obyerver's

&

Cy‘

FIG. 11. ANGULAR DIAMETER

Thefirst of them was intended for measuring the meridian ¢
altitude of the Sun. This is the angle which the direction of
the Sun makes with the horizontal at the time when the Sun
is due south, and therefore at its greatest elevation above the
horizon. Theinstrument wasaflat squaredab of soneor metal
AB (Fig. 12) st upright so asto lienorth and south. With
the corner A as center, and radius equal to the sde of the
square, a quarter of a circle was drawn and divided up in
angular measure from 0° to 90°, like a protractor. From A a
short rod AC guck out at right angles to the dab. Asthe Sun
S passed due south it cagt the shadow of the rod on to the
graduated circle. The reading on the circle gave the angle
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SAH, which wasthe Sun'smeridian altitude above the horizon.
Many important results in asgronomy depend upon the meas
urement of this angle at various times of the yeer.

The ssoond ingrument served for measuring the altitude of
bodies anywherein the y. It congsed of three wooden rulers.

FIG. 12. MEASUREMENT OF THE SUN'S ALTITUDE

two of them about four yards long, the third rather longer,

and jointed together (Fig. 13). Thefirst of thess AB, was
fixed upright, so that it pointed up to the zenith Z, that point

in the ky which is vertically over the observer. The ssoond

ruler AC, was jointed to the ruler AB at A, so that it could

turn about A through any angle BAC. It had apin at C. The
third ruler, BD, was jointed }to AB at B; it was graduated in

units of length, and each graduation had a hole into which

thepin at C could beinserted o astofix theruler AC in pos-

tion. There were two sghts on AC by means of which that

ruler could be pointed accuratdy at the particular gar Swhose
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altitudewasrequired. Theruler BD wasthen pinned at C and
it srved as a arospiece to hold AC and keep it pointing at
thegar. From the number of graduations between B and Q the
angle BAC could be calculated. Thiswasequal to the opposte
angle ZAS; and when this was subtracted from 90°, the re-
quired altitude SAH wasobtained asbefore.

H

--------*----..

horizontat

FIG. 13. THE TRIQUETRUM OF COPERNICUS

Thistriquetrum, as it was called, was kept at Frauenburg
for about forty years after the death of Copernicus Then, in
1584, Tycho Brahe, the great Danish asronome whom we
shall meet in a later chapter, snt one of his assgants to mess:
ure the latitude of Frauenburg. One of the canons gave this
assdant the ingrument to take badk as a present to Tycho; he
valued it highly and took it with him when he moved from
Denmark to Prague After Tycho's death, the Emperor
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Rudolph Il had it. But later Prague was sacked in one of the
religiouswars of the period, and Copernicusstriquetrum dis-
appeared forever.

In hisbook of 1543, Copernicus makes use of 27 of hisown
observations. Of these, one was made at Bologna and one at
Rome (as we have seen); probably all the rest were made
- fromtheturret observatory of Frauenburg. These observations
were of such things as eclipses of the M oon, the elevations of
the Moon above the horizon, the passages of the Moon in
front of bright stars, or the positions of planetsin relation to
the background of stars. Copernicus required exact measure-
ments of the times and circumstances of such events as the raw
material out of whichto build an accurate theory of the plane-
tary motions. Besdes the twenty-seven observations mentioned
in hisbook, Copernicus dso made others, the results of which
he jotted down on the margins and flyleaves of the volumes
which made up his little private library, where they can still
be seen.
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22. The Reform of the Calendar

Wehave already pointed out the valuable service which astron-
omy renders to mankind by furnishing us with an accurate
calendar. This, however, was achieved only about 350 years
ago after centuries of confusion. A solution of the problem
was still being sought when Copernicus was living; and it was
one of the mattersto which heturned his attention.

The calendar which wasin usein the early sixteenth century
was the onewhich Julius Caesar introduced in thefirst century
B.C. He gave up the attempt to make the length of the year
depend upon theM oon aswell asupon the Sun; and that saved
a lot of trouble. He also made the normal length of the year
to be 365 days, an extra day being added to February every
fourth year (our leap-year) so as to give the year an average
length of 365Y days. Thisisvery nearly exact, but not quite.
For the length of the year is about n minutes less than this;
and the difference adds up from year to year to produce an
error of onewholeday in 128 years. M oreover, for the purpose
of fixing the date of Easter (which partly depends on the
Moon) the Church assumed a relation between the length of
the year and that of the month which was also not quite
correct.

In the time of Copernicus, the accumulated results of these
errorswer e becoming serious, and the Church authoritieswere
alarmed. In 1514 they were meeting in a general Council; and
the Pope, Leo X, took the opportunity to send out an SOS to
the Christian princes and universities, as well as to private
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individuals, asking for their help in putting the calendar to
rights.

Oneof the peopleinvited to Rome for this purpose in 1514
was Copernicus, who was evidently becoming famous for his
skill in such matters. The invitation was snt to him, with a
personal plea, by Bernhard Sculteti, once his dliverer in gu-
dent days (Chap. X V I ), now his brother-canon and domegtic
Chaplain to the Pope. But Copernicus rgected the invitation
on the ground that the problem of the calendar could not be
olved until the laws of motion of the Sun and Moon had
been thoroughly deared up. This had not yet been done, he
explained, but he was addressing himsdf to the task.

Thirty years later he judtified the publication of his book
by the hope that it would help towards the reform of the cal-
endar; and he dedicated it to the reigning Pope, Paul | | | . By
then the Church had dropped the matter for the time being.
But the determinations of Copernicus prbvided the foundation
for thereform that was eventually carried out by Pope Gregory
XI11in 1582. Gregory's remedy for theerror in Julius Caesar's
calendar involved omitting ten days from the year 1582, and
thereafter omitting the extra day from leap year three times
evary four centuries Thisadjugment was not acoepted in Eng-
land until 1752..
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23. War

While Copernicus was administering the AUenstein edtates,
another war was brewing between Poland and the Teutonic
Knights. As he rode the rounds of hislittle domain, or slipped
off to Frauenburg to obsarve an eclipse, armed bands of Ger-
mans, recruited by the Order, were amusing themsdves by
murdering and plundering the defensdess peasants.

Open war broke out late in 1519, just after Copernicus had
completed his third year at AUenstein and was back at the
Cathedral. The Polish King had summoned the head, or
"Grand Master," of the Order to meet him at Torun, and,
when hefailed to appear, broke off relations and marched into
his territory. There were no big battles, each sde preferring
to kill noncombatants. Eventually the Grand Master suggested
that the Bishop, Fabian von Lossainen, should mediate be-
tween the two sdes, and invited him to Braunsberg, the Erm-
land town which the Knights had just captured.

The Bishop had adways been a weak character, and now he
was stricken with amortal diseese. Instead of going himself,
he sent two of the canons. One of these was very likely Coper-
nicus, for aletter of the Grand Master's has come down from
thisperiod promising to "theworthy, most learned Sir Nicho-
las Koppernigk, our free, safe and Christian conduct into our
Order's land" with his servants and horses. But when the
Grand Master demanded an oath of alegiance from Bishop
and Chapter as part of the peace terms, the two emissaries
explained that they would have to make further inquiries
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about that. They left Braunsberg, and the peace talks came to
nothing.

Copernicus spent the year from November 1519 to Novem-
ber 1520 at Frauenburg. He even reumed his observations
there, safe behind the Cathedral wall while the little town
went up in smoke Most of the other canons had taken fright
at thewar, and he had the place almog to himsdf.

When thewar turned againg the Teutonic Knights, and the
Poles had come to terms with Moscow, the Grand Maser
asked for an armigtice and went to Torun. But he broke off the
negotiations when he heard that Germany was sending him
troops Marching againg Heilsber g, he beseged the town and
bombarded the Cadtle

M eanwhile, Copernicus had resumed hisdutiesat Allenstein
Cadle, under difficult drcumdances The countrysde was dev-
adated, the peasants dain or scattered abroad. Mogt of the
canons had evacuated themsdvesto places of safety. Some of
them had fled as far as Danzig, where they lived at ease and
haggled over the sharing of their income Only two canons
beddes Copernicus ssan to have remained in Ermland. One
of these Henry Snellenberg, waswith him at Allenstein Cadtle,
where, for atime, they were beseged, though not very dosdy,
by the forces of the Order. The other canon, old John Sculteti
(not to be confused with Bernhard), st to Copernicus from
Elbing some of the crude little guns of the period, promised
him powder and shat if he needed them, and urged him, some-
what unnecessarily, not to surrender the Cadle.

Allengtein held out; both Sdes wearied of the war, and it
ended in 1521 in an armigtice Thiswasto lag for four years
in thefirg ingance but it afforded a chance for a permanent
sdtlement. The whole region became more settled and peace
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ful in 1525, when the Grand Master of the Teutonic Knights
agreed to become aDuke. Hetook this step on Luther's advice,
and soon after turned Protestant. He was allowed to retain his
little state of East Prussa in return for doing homage to the
Polish King.

Meanwhile Copernicus was trying to repair the damage
which the war had done to Ermland. Being neutral, the little
state had been a battleground for both sdes. The tenants had
nearly all fled from the Allenstein edtates, leaving them to go
to rack and ruin. They had to be collected together again and
resettled on the land, or new tenants found. Until the Chapter
reassembled, Copernicus was "Commissioner for Ermland,”
and found himself in charge of the whole concern. He was al'so
entrusted with the task of drawing up a detailed account of all
the damage the Order had done to Ermland, and of presenting
it a the pesce-conference. In this task, Copernicus was &
ssted by a brother-canon, Tiedemann Giese, one of the best
friends he ever had, of whom we shall soon hear more.

However, Copernicus aso took advantage of the lull fol-
lowing thewar to give another revision to the bulky manuscript
in which his new sysem of the world was gradually taking
shape. The rediscovery of the manuscript during the last hun-
dred years has enabled students to form some idea of the slow,
groping process by which Copernicus built up hisbook, adding
a passage here, crossing out something there, and sticking on a
bit somewhere ese. By now the work was nearing completion,
and rumors of its import were beginning to get about. Y et
Copernicus was still not satisfied with it; and the expectations
of the learned world were to remain unfulfilled for another
twenty years.
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24. The Diseases of Money

The typical scientist is sometimes represented as a baldheaded
old gentleman with spectacles and a butterfly net. Copernicus
was not that kind of scientist. He was a capable man of affairs.
He had a deep understanding of the intricate machinery by
which acountry isrun, both in itsinner life, and in itsfloutward
relationsto other countries.

A mogt important part of that machinery is money. It islike
theelectric current which keeps all thewheelsturning in a vast
factory, or like the lifeblood coursing through the arteries to
vitalize all parts of the body. Money has its own mysterious
laws and properties which we cannot alter but can learn to
understand and use just as we do the laws of the éectric cur-
rent, or of the healthy working of our bodies. There is a si-
ence of money; and one of the men who founded it was
Copernicus. Money has its dissases. And Copernicus, who had
never taken a college course in economics, understood and
prescribed for those dissases much more efficiently than for
the human maladies which he had spent so long learning how
to treat at Padua.

Money enables us to exchange the things that we make, or
the serviceswerender, for thegoodsthat wereally want. With-
out it we should have to dig the butcher's garden when we
wanted a leg of mutton, or make the baker a pair of shoesin
return for his bread. Money also makes it possble for us to
compar e the values of very different things, or " commodities,”
with one another, or the values of the same thing at different
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times, by expressing them all in the same units, dollars, or
pounds or francs. But this process can be reversed; and in-
stead of saying that so many bushels of wheat are worth so
many dollars, we can sy that so many dollars are worth
so many bushes of wheat. For money, too, is a " commodity;"
itsvalue can rise or fall, with very importaﬁt consequences to
the individual and to the nation. When the value of money
falls, everything in the shops gets dearer and dearer. People
then demand higher wages, but that may only make things
dearer still.

Nationshave had to facethisdanger of what iscalled " infla-
tion" following the recent war. The same thing happened in
sixteenth-century Prussia, following the long series of wars
between Poland and the Order. It forced Copernicusto think
about money; and in the dark evenings at Allenstein Castle,
hewrotealittle book about it.

Thetroublein Prussawasthat the coinage had becomevery
debased, the various authorities seeking a temporary financial
advantage by putting less and less gold and silver into the
coins that they issued. This drove up prices and made foreign
trade aimost impossible, as foreigners would not take the
worthless coins in exchange for their goods. Common action
was called for to put things right; but each state—the Poles,
the Prussans, the Order, and even each bigcity, such asTorun
and Danzig—clung jealoudly to its own right to coin its own
money. Attemptsto get agreement had always broken down.

Copernicus said the ruler or the government that tried to
gain an advantage by debasing the coinage was like a farmer
who should try to make a profit by sowing bad seed because it
was cheaper than good seed. Hewas all in favor of a monetary
union of all the states concerned: they should all agree to have
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the same coins. There was to be only one authority issuing
coins; the amount of money in circulation should be limited;
each coin was to contain a guaranteed weight of precious
metal, and the debased ol d coinswereto becalled in. Coperni-
cus was aware of the practice of exchanging bad coins for
good and melting down the latter or sending them abroad.
Thistendency of bad money to drive good money out of circu-
lation came to be called "Gresham's Law" after a later dis-
coverer, Sir Thomas Gresham.

Copernicus ssams to have drawn up some notes on these
lineswhile he was at Allenstein in 1519. He made them the
basis of areport on the matter, written in German, which he
presented to the Prussan diet held in 1522 at Graudenz,
whither he had traveled with his friend Tiedemann Giese to
represent the Chapter. He later drew up arevised and enlarged
version of hislittletreatise, thistimein Latin, and setting forth
agenera theory of money, for presentation to the diet of 1528.
The agitation for reform dragged on. The Satesmen listened
to the astronomer's advice. But the opposition of those who
were profiting by the existing state of affairs was too strong,
and nothing cameof it.

About this time, aso, Copernicus devised a stheme for a
bread tax. It was intended to serve the purpose of keeping
the cogt of living steedy, and of avoiding the frequent altera-
tionsin the price of bread which were responsible for alot of
hunger and poverty. He aso made severd tours of inspection
of the Chapter'sedates at Allenstein and Mehlsack, to sse how
they were settling down after thewar.
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25. Later Years

The stheme for reforming the coinage, and special assign-
ments from the Chapter, continued to keep Copernicus in
touch with public affairs after thewar was over. But as he grew
older, his official duties gradually passed into the hands of
younger men. He was thus free to concentrate to an increasing
extent on his scientific work. He went on observing the heav-
ens, looking out for interesting celestial events, eclipses, con-
junctions of planets with stars, and so forth. And he continued
to busy himself with the revision of his manuscript.

There was an early tradition that Copernicus observed the
great comet of 1533. Hewas said to have become involved with
other astronomers over the question of why this object moved
round the sky the opposite way to the planets. We now have
reason 'to believe that he actually wrote a little tract on this
COMet.

However, it is to be feared that the later years of the life
of Copernicus must have been for him a time of increasing
loneliness. One by one the friends of hisyouth were carried off
by death, and their places in the Chapter were taken by men
withwhom he had very littlein common. Thisgrowing isola-
tion was partly the result of changing conditions in the Church.

While the war had been occupying everyone's attention in
Prussia, the Reformation had been making great strides in
Germany. The very year, 1521, in which the armistice was
signed was that in which Luther made his defiant stand at the
Diet of Worms. The Protestant doctrines quickly spread to
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Prussa. They sscured a srong foothold in trading cities such
as Danzig. The Duke of Prussa, as we have ssm, became a
Protesant. And the reformed religion oread even in Poland;
though later, under the preaching of the Jexuits Poland be-
came one of the mos Catholic countries in Europe. Bishop
Fabian von L ossainen, the suacessr of Lucas Waczenr ode, was
not unsympathetic to the reforming movements Copernicus
himsdlf does not appear to have left on record any direct ex-
_pression of his own views on the matter. But he did much to
ingpire a book written by his friend, Tiedemann Giese and
published in 1525, which probably expresss his attitude.

Tiedemann Giexe had bean a member of the Chapter for
about twenty years. At the time when Copernicus went to live
at Frauenburg, it was Giegsturn to be away administering the
Allenstein esates but after his return to the Cathedral he
became one of the doset friends the agronomer ever had.
Born in 1480 of a Danzig family, Giese had sudied at German
and Italian universties and hewasto rise high in the srvice
of the Church, first as Bishop of Kulm in Prussa, and later as
Bishop of Ermland. In 1549 hejoined hisfriend, already laid
tores in Frauenburg Cathedral.

Giesewas a convincad Cathalic, but broad-minded and tol-
erant, and he kept on good termswith M eanchthon, the Prot-
edant leader. However, the book to which we are now refer-
ring was a reply to one written by a Lutheran Bishop. In it,
Giexe dates that Copernicus supports the views he is express:
ing, and has urged him to publish the book. Both men were
anxious to preserve the unity of the Church, and to avoid the
lit between " Cathdics* and " Protetants' which has oon-
tinued to our own day to weaken serioudy the witness of the
Church in theworld. They called for a more Chrigtian spirit
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in preserving this unity. Catholics should plead or argue with
Protestants ingead of burning them alive as the King of Po-
land was doing in Danzig. " The wild animals behave more
gently to ther kind than do Chrigiansto theirs" wrote Giese
Copernicus was aware of the evils in the Church life of his
time. He had had ample opportunities to gudy them at dose
" guarters. But he was anxious to preserve what was of value in
the old form of the faith—not to throw away the baby with
the bath-water—and not to unsdttle the bdiefs of ample folk.

In 1523, however, the moderate Bishop Fabian died. There
was the usua rumpus and period of confuson before a suc
ces3r could beappointed, and for Sx months Copernicus acted
as Adminigrator-General of Ermland. When the new Bishop
was announced, he proved to be a membe of the Chapter,
Mauritius Ferber. He figures somewhat prominently in Refor-
mation hisory as a bitter foe of the Protestants Mot of the
canonstook the samelineastheir Bishop. Copernicuswasmore
tolerant; and that was one of the reasons why he was increes
ingly left to himsdf in his declining years

Another reason for this isolation was, of course the novdty
of his opinions concerning the solar sygem. A generation or
20 earlier, these would not have been taken 0 srioudy. But,
following the revolt of the Reformers, the Catholic Church
showed a growing digagte for any more departures from the
old etablished bdiefs even concerning things which we
should think had nothing to do with religion.

Snce Catholics showed quch a didike of the teachings of
Copernicus, we might have supposed that therefore their op-
ponents, the Protestants would have embraced the new theory
eagerly. But actually the Protestants reected the Copernican
sygem even morededisvey than the Catholics Copernicushad
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been in his grave for many a long year before the Catholic
Church madean official pronouncement that histeachingsmugt
bergected. But even beforethe publication of hisbook, Coper -
nicus had been saverdy criticized by Luther, who, in conversa
tion, usd to denounce "the new asronome who wants to
provethat the Earth goesround, and not the heavens the Sun,

and the Moon; jud as if someone gitting in a moving wagon

or ship wereto suppoethat hewas at res, and that the Earth

and thetreesweremoving pag him. But that isthe way nowa-
days whoever wants to be dever mug nesds produce some
thing of his own, which is bound to be the bet snce he has
produced it! The fool will turn the whole sience of Astron-
omy upsde down. But, asHoly Writ dedares it was the Sun
and not the Earth which Joshua commanded to gand still."

Luther's colleague, Philip Meanchthon, also argued againg

the Copernican theory in a little book on physcs which he
published some Sx years after the agronomer's death. Like
Luther, he laid epeda dress on texts in the Bible which
sEmed to ugget that the Earth was at red.

Theseremarksof Luther and Meanchthon show how, even
before the publication of his great book, the teachings of Co-
pernicus had become known to the learned men of his day.
But the rumor of his opinions had aso reached the ears of
uneducated and pig-headed people who merdy poked fun at
them. Opposition to his teachings at this low level took the
form of a burlesque play which was produced about 1531 at
Elbing in Prusda, not far from Frauenburg. Little is known
about this play except that it was written for a carnival by a
local schoodmader. It sams to have hed Copernicus up to
ridicule by introducing a thinly disguised representation of
the dar-gazing pries into a processon of grotesque figures.
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But the whole episode may have had the wider purpose of
mocking at the canons of the local Cathedral. And some have
even thought that the Teutonic K nightswere at the back of it.
Bishop Ferber died and was succeeded, in 1538, by the
Bishop of Kulm, who called himself Dantiscus. He had coined
the name from that of Danzig, where he had been born, the
son of a brewer, in 1485. His place at Kulm was taken by
Tiedemann Giese, who thus became a Bishop. Dantiscus was
still Bishop of Ermland when Copernicusdied. In hisyounger
days he had led awild life as soldier and student all over
EuropeandtheMiddle East. Now, asan elderly priest, hewas
trying to make up for it by being absurdly strict where other
people were concerned. He continued the policy of ruthlessly
repressing the Lutherans. He fell foul of Copernicus, partly
because Copernicus showed friendship to the Protestant
scholar Rheticus (of whom we shall spesk in alater chapter),
and partly for other, more personal reasons. Dantiscus dso
took messures againgt Alexander Sculteti, acanon and afriend
of Copernicus, who had been elected to a prelacy in the Chap-
ter which Dantiscus wanted for one of his own friends. The
quarrel dragged on for years; in theend Sculteti was supported
by the Pope; but Dantiscus expelled him as a heretic, and had
him hounded out of Prussia
However, the later years of Copernicus were not without
their encouraging experiences. The "Little Commentary” (p.
88) had made his teachings generally known among schol-
ars. And hereand there the ssad fel | upon kindly and receptive
soil. The little manuscript ssams to have provided the mate-
rial for alecture on the new theory which John Widmanstad,
the papal Secretary, gave in 1533, before Pope Clement V I |
and some of his cardinals in the gardens of the Vatican.
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Again, in 1536, Cardinal Nicholasvon Schonberg (whose
Secretary Widmanstad had then become) wrote to Copernicus
from Rome begging him to publish the details of his system, or
at least to communicate them to thewriter. Whether Coperni-
cus replied or not we do not know; and in any casevon Schon-
berg died in the following year. But he prized the Cardinal’s
letter highly, and it was printed at the beginning of his book
of 1543.

Copernicus was aso greatly encouraged, in the last years of
hislife, by thevisit of a disciple, Rheticus, who cameto him
from avery unlikely quarter—the Lutheran University of Wit-
tenberg. Thiswas in some sene the final and decisive event in
the whole career of Copernicus.

However, what the people around him were chiefly aware of
at this period was his growing fame as a physician. And this
may be a convenient point at which to st down the few facts
we know about this agpect of his many-sided activities.
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26. Copernicusthe Physician

Itis hard to realize that, in his lifetime, Copernicus was more
highly thought of, and perhaps better known, as a medical
man than as an astronomer. And this in spite of, or perhaps
because of, the fact that he blindly swallowed the opinions of
his time on medical matters. Y et in those days both the theory
and the practice of medicine were almost unbelievably crude
and backward, and far more in need of reform than astronomy.

Nowadays we have a fair knowledge of how the human
body works; and upon this knowledge we base our treatment
of diseases. But in the sixteenth century, the most mistaken
ideas still prevailed as to the structure and the working of the
body. Even such an important fact as the circulation of
the blood was not discovered until about a century later. In
the meantime, the arteries (which carry the blood from the
heart) were thought to serve merely for conveying air, or
imaginary "vital spirits," about the body.

There was no idea of basing treatment even upon what was
supposed to be known about the human frame. The usual type
of treatment was to dose the patient with medicines prepared
by mixing together a surprising assortment of materials. These
included such things as goat's blood, stewed bats, the ground-
up horns of animals, the lungs of vipers, spiders' webs, roots
and barks, powdered jewels, and other even less appetizing
ingredients! The body was scarcely regarded as a whole. Dis-
eaxxs were classified and remedies ordered according to the
particular organ in which the symptoms chiefly appeared. And
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even this treatment was restricted by all sorts of astrological
rules, because of the supposed connection between the signs
of the Zodiac and the severd parts of the body or the s
sonsof human life (Chap. XV I1). For example, it was thought
inadvisable to bleed a patient when the Sun was in the Sign
of the Bull. Copernicus possessad a number of the standard
medical books of his day, setting forth this sort of treatment.
Many of these well-worn volumes have come down to uswith
his favorite prescriptions marked or copied in his own hand-
writinginthemargins.

Asto his actual medical practice, we know very little. We
are not told anything about his treatment of his uncle, his
brother, and the other members of the Chapter in his younger
days. However, the Cathedral records covering the later years
of his life give brief notices of his attendance on the elderly
Bishops who in turn occupied the s of Ermland.

Mauritius Ferber was often on the sick list with colic and
gout from 1529 to 1537, when a stroke finished him off. Coper-
nicus was constantly being summoned to Heilsberg. In treat-
ing such an important patient, he thought it wise to take other
doctors into consultétion. He called in the physician of the
Duke of Prussia, and asked the advice of the Polish Royal
Physician by letter. In those days, when traveling was difficult,
it was not uncommon for doctorsto treat their patients by mail.
Severd times we find Copernicus giving professona advice
to his patients, or seeking the counsel of other medical men in
difficult cases inthismanner.

He next attended the succeeding Bishop, Dantiscus, who
had been taken ill while officiating at the marriage of the
Crown Prince of Poland. A patient in whose recovery he must
havefeltalivelier interest washisol d friend Tiedemann Giese,
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now Bishop of Kulm in Prussa. He had caught ague, a sort
of malarial fever, whiletraveling in the marshy country of his
diocese Copernicusvisited and treated him early in 1539. L ater
in the year, he made a ssoond medical visit to Giese, which
developed into aregular summer holiday. Accompanied by his
young disciple Rheticus (of whom we shall speak in the next
chapter), he went to Kulm in May and returned home to
Frauenburgin September.

In the soring of 1541, two years before his death, Coperni-
aus was hagtily summoned by no less a person than Duke Al-
bert of Prussa (the former Grand Master). Hewasto go to
K dnigshbergto attend George von Kunheim, a trused counsd-
lor of the Duke's, who had fallen serioudy ill, and for whom
the Prussan doctors ssemed unable to do anything. Coperni-
aus went willingly enough, for he had met von Kunheim in
the course of negotiations over the reform of the coinage. And
he had come to fed that even Albert was not such a bad sort.
The two had many intdlectual interess in common. The
Chapter readily gave Copernicus permisson to go, asit wished
to remain on good termswith the Duke, despite his Lutheran
faith. The courtier's illness was prolonged, and the leave of
absnce had to be extended over Eadertide At length, how-
ever, Copernicuswasabletoreturn, leaving von Kunheim well
on the way to recovery; though he continued for a time to
receive reports on the patient's condition, and to send him
medical adviceby letter.

Therewasan early tradition, which has caught theimagina-
tion of later writers, that Copernicus exerdsed his medical
skill for the benefit of the local poor, who venerated him as a
"ggoond Aesculapius’ (a Greek demigod of healing) ; but of
thiswe have no further details. -
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27. The Coming of Rheticus

In the 'spring of 1539, a young German scholar arrived at
Frauenburg and asked to see Copernicus. He was George
Joachim, Professor of Mathematics at the recently founded
University of Wittenberg. He had come, without a word of
warning or introduction, to seek fuller information concern-
ing thenew astronomical sysem of which hehad heard reports.

Joachim wasthen twenty-five years of age. He had been born
in 1514 at Feldkirch in the Austrian Tyrol, a part of Europe
which the Romans had called Rhaetia. He had therefore
adopted the name of Rheticus, "the man from Rhaetia," by
which heisgenerally known. Philip M elanchthon, the Protes-
tant scholar, had picked him out as a clever young mathemati-
cal student at Wittenber g, and had madehim a Professor there
at the age of twenty-two. The other mathematical Professor
was one Erasmus Reinhold, who also comes into our story.

Rheticustook a certain risk in coming from Wittenberg, a
hotbed of Protestantism, into a Catholic diocese wher e Protes-
tants wer e being ruthlessly persecuted. He was in danger, too,
of getting into trouble with the heads of his own University,
who strongly opposed the teaching of the Earth's motion,
Copernicus, also, might have suffered for entertaining a her-
etic; perhaps it was one of the reasons for his friendlessness
at thelast. However, Copernicuscor dially welcomed theyoung
man, took him to see Tiedemann Giese at Kulm, and intro-
duced him to other friends. Rheticus was even kindly received
by his fellow Protestant, Duke Albert of Prussia. He spent in
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all morethan two yearsin the digtrict. He eagerly followed up
some ear ly gudieswhich Copernicus had begun on the geogra-
phy of his homdand. He made a map of Prussa (which has
disappeared), and hewrote alittle book in praise of the beau- -
tiesof that land beforereturning to Wittenbergin the autumn
of 1541.

Rheticus brought with him (or snt from Wittenber g after
returning there) a number of sdentific books as a present to
Copernicus Among these was an edition of Euclid, now trans-
lated into L atin from theoriginal Greek, and not merely from
an Arabic verson; as the firs printed Greek edition of
Ptolemy's Almagest. When Copernicus died he left these
books with mog of his other stientific volumes, to the Cathe-
dral Library. Later, however, during the Thirty Years War,
the Protesant leader, Gugtavus Adolphus, carried them off to
Sweden, with many other books and papers from that part of
the world. It has thus come about that mos of Copernicuss
littlelibrary istoday at the Swedish Univer sty of Upsala.

However, among all these digractions Rheticus did not for -
get what had brought him on such alongjourney. Hetook the
earlies opportunity of getting to grips with Copernicuss won-
derful manuscript (now receiving the finishing touches) ; all
neaded explanations he sought and obtained from its author.
Within lessthan three months he had written a short summary
of its contents which he st to his former teacher, Johann
Sthone of Nuremberg, in acocordance with an arrangement
aready made between them.

Rheticus printed this First Account (as it was called in
Latin) in 1540, with the permisson of Copernicus It wasin-
dead the earliest reliable and detailed report on the new s/s

tem to be published. It dealt only with a part of the Copernican
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theory—the part dealing with the variousmotions of the Earth.
The book was intended to be followed by other Accounts,
covering the other parts of the sysem; but these were never
required. For, ingead, Copernicus at last snt his great book
to press And, but for Rheticus, we might never have had it.
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Some time during the visit of Rheticus, or shortly after his
return to Wittenberg, Copernicus made up his mind to pub-
lish his book. What finally decided him to take the plunge, we
can only guess. He may have been moved by the entresties, or
caught something of the spirit of his hopeful young disciple,
whose published Account had broken theice, and prepared the
way for the full revelation. Or he may have felt that his end
was drawing very near; soon he would be beyond earthly praise
or blame. And if the great book to which he had devoted his
best years and energies were not to go down into the dust with
itsauthor, he must take the decisive step now.

In the Preface to his book, Copernicus writes of the exhor-
tations, and even reproaches, of his friends as having at last
prevailed upon him to send the work to press. Among these
men he pecificaly names Cardinal von Schionberg and Bishop
Tiedemann Giese. It wasto thislast-named friend that Coper-
nicus committed the precious manuscript. Giesg, in histurn,
sent it for safekeeping to Rheticus. Perhaps during the last
summer holiday they had all spent together, Giese had made
some plans with the young Professor as to what to do should
Copernicus decide on publication.

Rheticus chose asthe publisher afriend of his, John Petrgus
of Nuremberg, who had read the preliminary Account, and
who was anxiousto bring out the great original. It would have
been well if Rheticus could have carried out hisintention of
seeing the book through the press. But he had been appointed
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to a new pogt at Leipzig University, and he had to hand the
task over to a local Lutheran clergyman, Andrew Osiander.
This move had some rather unexpected consequences, as will
berelated in a subsequent chapter. However, the printing went
through, and the book was published in the spring of 1543.

Copernicus lived for little more than eighteen months after
Rheticus had left for Wittenberg in the autumn of 1541. Al-
most all we know about this last stage of the astronomer's
career is found in two letters from his friend Bishop Giese.

Thefirst of these letters, dated December 8, 1542, is ad-
dressed to one of the canons of Frauenburg, George Donner.
He has not come into our story so far, but he ssems to have
been one of Copernicuss best friends in these closing days.
Giese has heard that Copernicus has recently been taken seri-
oudy ill, and he iswriting to Donner for news. What chiefly
worries the old Bishop is the friendlessness of the sck man.
He had always loved solitude; and latterly his brethren had
shrunk from the society of a man under suspicion for his
strange ideas and his friendship with Protestants. Giese, away
at Kulm, vividly sensss the whole situation; and he writes to
Donner: "I know that he always counted you among his truest
friends. | pray, therefore, that, if hisoccasonsrequire, you will
stand by him and take care of the man whom you, with me,
have ever loved, so that he may not lack brotherly help in his
digress, and that we may not appear ungrateful to a friend
who has richly deserved our love and gratitude."

The second of Giese's letter s was addressed to Rheticus on
July 26, 1543; but by that time all was over. From the latter
half of 1542, Copernicus had been repeatedly stricken with
hemorrhage and apoplexy, which left him in a half-paralyzed
condition. By the beginning of the new year he was believed
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to be at death's door. However, he lingered on until May 24,
1543—the day when the first printed copy of his book was
brought to him. Giese describes the last sad scene to Rheticus:
"He had lost hismemory and mental vigor many days before;
and he saw his completed work only at his last breath upon
the day that he died.”

Copernicus had been attended in his last illness by a quali-
fied physician, Fabian Emmerich, the Vicar of the Cathedral,
to whom he bequesthed one of his favorite medical books,
containing many notes in his own handwriting. His other
bookswent to the Cathedral Library, and therest of hisworldly
wealth to the family of his married sgter, Katherina, Canon
George Donner acting as executor of thewill.

When Copernicus had begun to fedl his years, he had ap-
plied to the Chapter for permission to take a "co-adjutor"—a
younger man to help him in his duties. An arrangement of
this sort was often made, with the intention that the co-adju-
tor should succeed to the canonry on the death of the older
man. It was away by which a canon could bequeeth his place
to ayounger member of his family; and Copernicus proposed
a son of his nephew for the office. There was some delay, but
eventually his request was granted; and, after his death, his
canonry duly passed to his young kinsman.

The body of Copernicus was laid to rest in Frauenburg
Cathedral, though the precise location of his grave is uncer-
tain. A memorial tablet was put up on thewall in 1581. This
was removed in the eighteenth century to makeway for aBish-
op's epitaph; but another tablet has Snce been erected. The
monument to Copernicus at Torun, his birthplace, dates from
1853.
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29. The"Revolutions"

Copernicus owes his distinguished place among the founders
of modern stience aimost entirely to the one great book of his
which was published in the last year of his life. This book
marks an epoch in the history of human thought. As a monu-
ment of scientific genius, it ranks with the Almagest of Ptol-
emy, with Newton's Principia and with Darwin's Origin of
Species. Thebook iswrittenin Latin, aswerenearly all learned
works down to about 200 years ago. This had the advantage
that a scholar, having learned L atin as a boy, could correspond
with other scholarsall over Europe, and could read their books.
To do this nowadays, he would need to learn about half a
dozen foreign languages.

Before we begin to discuss special features of the book, let
ustry to form arough idea of what the whole work contains
and how it isarranged. At the same timewe can deal with cer-
tain portionsthat are not of vital importance, so asnot to have
toreturntothem again.

Following the Prefaces (about which we shall have more
to sy in the next chapter), the work is divided up into sx
sections, or "Books" and these are divided again into chapters.

In thefirst book, Copernicus gives us his general picture of
the Universe, and his arguments to prove that the Sun forms
the fixed center, and that the Earth revolves round him as a
planet. Thereis also the explanation of the ssasonswith which
we are familiar from geography.

At the dose of Book I, there are two or three chapters deal-
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ing with trigonometry. They give the rules by which, when
certain 9des and angles of a triangle are given to us, we can
"gve' thetriangle—that is, calculatetheremaining 9desand
angles They cover not only ordinary plane triangles, whose
gdes are draight lines, but aso triangles on the sphere
whose 9desare arcs Thereisals a table of Snes of angles,
auch aswefind in amodern schoalbook (though theword sine
isnot used). Later on in his book, Copernicus makes great use
of thexe rules and this sne-table in the calculations by which
he builds up his planetary sygem. But trigonometry is useful
in all sorts of connections having nothing to do with astron-
omy, for example in surveying. And it had been only recently
introduced into Europe from the Arabs. Hence this portion of
Copernicussbook waswor th publishing separately. And when
Rheticus left Frauenburg (Chap. XXV I1), hetook a copy of
these chapterswith him and brought them out as a little text-
book at Wittenberg in the following year.

In Book I |, Copernicus applies his rules of trigonometry to
all sorts of problems connected with the apparent mations of
the heavenly bodies on the gphere of the ky. Suppose, for
example, he wanted to know the eevation of the Sun above
thehorizon at somegiven ingant, asssn from a place of given
latitude. Then all he had to do was to consder the triangle
formed by the pole of the heavens the zenith (Chap. X X 1),
and the center of the Sun; upon solving this triangle he would
obtain the required eevation of the Sun. All this, of courss
had nothing to do with the Copernican theory. Ptolemy had
dealt with the same sort of problem. Hence we shall not have
anything more to say about this part of the book.

At the dose of Book |l there is a dar-catalogue. Thisis a
lig of the brightest dars giving the pogtion of each on the
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gohere of the ky. The way this is done correponds exactly
to theway in which we give the postion of places on the sur-
face of the Earth. We say that a place has a certain longitude
ead or west of the Greenwich meridian, and a certain latitude
north or south of theequator. In jus the sameway, the position
of each dar isgiven by means of a pair of measurements refer-
ring to imaginary drdes on the ky. The importance of such
a catalogue lay in the fact that, for the early asgronomers the
darswere like fixed landmarks, or the numbered divisons of
aracdngtrack. It was by referring to this background of dars
that the pogtions and mations of the planets were measured.
Quch a catalogue has to be condructed, in the firg place by
actual observations of the gars carried out with suitable mess:
uring ingruments. Copernicus, however, did not make his sar-
catalogue in that way. Hetook over Ptolemy's catalogue ready-
made, merdy attempting to correct certain errors into which
auch catalogues fall with lapse of time.

In the remaining four books Copernicus gives detailed ac-
counts of the suppased moations of the Earth (Book 111), the
Moon (Book | V'), and the planets (BooksV and V | ) . Each of
these accounts leadsto the congruction of atheory (Chap. X ),
that is of a geometrical diagram showing the course suppossd
to befollowed by that particular body. The diagram isdrawn
toscale and the motion of thebody isadjugted tofit the obsar-
vationsupon which the particular schemeisbasad. Each theory
leads to tables serving to predict the future motion and pos-
tionsof the bodies

Sofar wehavenot mentioned thetitle of Copernicussbook.
The fact is we do not know what name the agronomer in-
tended to give hisimmortal work. The manuscript borendther
a title nor the name of its author when the latter handed it
130



THE "REVOLUTIONS"

over to his friend Tiedemann Giese for publication. Both of
these were added while the material was being prepared for
the printer. The title given to the volume by its editors was
S x Books Concer ning the Revol utions of the Heavenly Spheres
(De Revolutionibus Orbium Coelestium Libri VI). But we

shall call his work simply Revolutions,
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30. ThePrefaces

We have seen how Copernicus kept his manuscript locked up
for somethirty years. During thistime he kept revising it and
adding fresh observations, but he could never feel that it was
quite ready to publish. Another reason for the long delay was
that he shrank from the storm of criticism which he knew
would be unloosed from all sdes againgt the ideas st forth in
his book.

" This criticism would come from two s&ts of people. On the
one hand, there were the old-fashioned philosophers who in-
sded that the Earth was the fixed center of the Universe, be-
cause Aristotle had said s0. On the other hand, there were the
Churchmen who might accuse Copernicus of contradicting the
Bible because certain texts seemed to suggest that the Earth
stood still. (Of course many Churchmen were philosophers,
and would criticize Copernicus on both counts.) In this respect
the Protestants were even sricter than the Catholics. But the
Catholics themsdlves, alarmed at the revolt of the Protestants,
wer e tightening up their standards of belief and discipline. A
movement had started which, a century later, was to make pos-
sible the persecution of Galileo for teaching the very thing that
Copernicuswas now about to put forward.

Hence, when at length Copernicus had been persuaded to
publish his book, he deciQed to take the bull by the horns and
boldly to dedicate the work to the reigning Pope. This was
Paul I I I, thefirst of a series of much more decent Popes who
from now on sat on the throne of St. Peter. He was a scholar,
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a humane and intelligent man, and under his protection, Co-
pernicus knew that his book and himself would be safe from
persecution. Hence the Preface to the Revolutions is a dedica-
tion to the Pope, over the composition of which Copernicus
took a lot of pains.

His chief excuse for putting forward his theory was, he
writes, that therewere already really two theories of planetary
motion in thefield. Onewas derived from Aristotle, the other
from Ptolemy. As two theories were allowed, there could be
no great objection to a third, especially as the other two were
not very satisfactory. Aristotle's theory was supposed to follow
sound physical principles;, but it was vague, and had never
provided tables showing the actual movements of the planets.
Ptolemy's theory was ultimately the bads of the tables still in
use in the time of Copernicus; but it broke the accepted laws
of physics in various ways.

Copernicustellsthe Pope that he was grieved at this sate of
things, and so heturned totheold Greek and Latin writersto
se if any of them had suggested something better. He found
that several of the Greek thinkers had explained the observed
behavior of the heavenly bodies by supposing either that the
Earth turned daily on itsaxis, or that the Earth revolved round
the Sun together with the other planets, or that both these
movements took place together. In his manuscript he mentions
the speculations of Philolaus (Chap. VI 1), Heraclides and
Aristarchus (Chap. X ). Whether or not he really drew his
ideas from these old sages, hethought it well to mention them,
knowing that his contemporaries had an excessve reverence
for the wisdom of the ancients. He saysthat, following up their
suggestions, he found that, by supposing oursdves to be ob-
servirJg the heavens from a revolving Earth, "not only would
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the planetary appearances follow as a consequence, but the
order of succession, and the dimensions of the orbits of the
planets, and the heaven itself, would be so bound together that
in no part could anything be rearranged without upsetting the
other parts and the whole Universe."

Another reason which Copernicus put forward for claiming
the Pope's protection was that his book would help to solve
the old problem of calendar reform about which he had been
consulted in 1514 (Chap. X X 11). For the book provided an
accurate value of the length of the year; and it went a good
way towards clearing up the intricate motion of the Moon,
upon which the date of Easter depends. It was indeed upon the
~improved tables in the Revolutions that Pope Gregory based
his reform of the calendar later in the century.

We do not know whether Copernicus had received any en-
couragement to address himself to the Pope, perhaps from
Cardinal von Schonberg (Chap. X X V) , whose | etter occupies
a prominent place at the beginning of the book. Nor did any
guestion arise of Paul's acceptance or protection of the book.
For long before it could have reached Rome, its author had
passed beyond the praise or blame of any earthly potentate.

Besides the Preface we have just described, the Revolutions
possesses, curiously enough, a second Preface, not written by
Copernicus at all. It owed its appearance to the unfortunate
circumstance that Copernicus was unable to see his own book
through the press. The responsibility fell on Rheticus; and
even hewas soon called away from Nuremberg, leaving alocal
Lutheran clergyman, Andrew Osiander, to see after the publi-
cation of the book.

Osiander was something of an astronomer, and Copernicus
had written to him asking what sort of awelcome a book about
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the motion of the Earth would be likely to receive. Osiander,
living in the swim at Nuremberg, would be better able to
answer this question than would Copernicus, marooned at
Frauenburg: The reply was not encouraging. But it is a fact
that the motion of a planet, as it appears to us, can often be
represented equally well by several different theories. Hence
even the Greek astronomers recognized that such a theory need
not reproduce the true motion of the planet in gace. It may be
merely an artificial device serving for the calculation of tables
giving the future positions of the planet. Osiander suggested
that Copernicus should declare his theory to be just such an
artificial device. There would then be no question of any real
motion of the Earth, and all would be well. But Copernicus
would not takethis easy way out.

However, as we have said, a curious chance left Osiander,
of all men, in sole control when the book was being printed.
He took the opportunity to put in a short Preface of his own
(but unsigned) on the lines of his previous advice to Coper ni-
cus. This really had the effect of altering the whole meaning
and intention of the book. The second " Preface” was quite out
of keeping with the rest of the work. But if it was a fraud, it
was a very innocent fraud, though Tiedemann Giese was very
angry about it. For it praised Copernicus, and therefore could
not have been written by him. Shrewd readers quickly saw
through the imposture, and soon the whole story leaked out.
It was just a well-meaning attempt to make the book appear
harmless, and, strangely enough, it succeeded in its purpose
for nearly a century.

Other alterationsweremadeby other handsthan Osiander's,
so that the book asfirst printed differed considerably from the
manuscript asit left thehandsof itsauthor. In fact, theprinters
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must have worked from acopy made by someone who thought
he could improve upon theoriginal. For many generations no.
one suspected this. For the manuscript soon disappeared, and
it could not therefore be compared with the later printed edi-
tions of the Revolutions which were brought out in various
parts of Europe—at Basd (1566), Amsterdam (1617) and
Warsaw (1854). All these were merely corrected copies of the
original Nuremberg edition (1543).

However, by a lucky chance, the manuscript turned up in
the middle of the nineteenth century at Prague. Since then it
has been very carefully studied, the many corrections and addi-
tions showing how slowly and painfully Copernicus built up
his book. The dates of the observations which he includes in
the severd sections often give us some idea of the times a
which those sections were written. He very likely began the
book during his day at Heilsberg, and he gave it two main
revisons—the first, during his early years at Frauenburg, the
second, in thelull which followed thewar. He may dso have
given it some final touches during the visit of Rheticus about
1540.

Once the manuscript had been recovered, it was possible to
print the Revolutions in the form in which Copernicus in-
tended it to be read. This was done in the edition which was
published at Torun in 1873 to mark the 400th anniversary of
the astronomer's birth there.
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We usually associate the name of Copernicus with all sorts of
startling novelties and revolutionary theories. Hence it comes
asrather a surprise, in reading through hisbook, to find how
many of Aristotle's ideas he swallowed.

For example, he believed, with the ancients, that a heavenly
body must always move in a circle at a seady rate about the
center. But it was by means of that very law that Copernicus
claimed to be able to prove that the Earth is moving. For, he
argued, if we watch a planet, it does not appear to be moving
at a seady rate. This strongly suggests that the Earth, the
platform from which we observe, is not fixed at the center of
the planet's circle. '

Isthe Earth, then, moving? But if it ismoving, how are we
to know ? How, in fact, do we know that we are moving when
we are riding in a vehicle? By seeing all the objects around
us apparently traveling in the opposite direction. In just the
same way, says Copernicus, " if we attribute a certain motion
to the Earth, it will appear as a similar but contrary motion
affecting all things outside the Earth, as if we were passing
them by." Hence, the only way in which we can hope to dis-
cover whether the Earth is moving is to look out for some
contrary motion which appears to belong to all the heavenly
bodies. One obvious example of such a motion is the daily
revolution of the sphere of the ky from east to west which
produces the rising and setting of the Sun, M oon, planets and
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gars Copernicus aks us to believe " that the heavens have no
part in thismotion, but that the Earth turnsfrom wes to ead.”

Copernicus makes one other application of this same prin-
ciple, only thistime it is not quite so Smple. The great diffi-
culty in discovering onés own mation from the apparent
motion of surrounding objects is that these objects may
have motions of their own. It is no use trying to judge the
ground-gped of an airplane from the rate at which it isover-
taking douds if the douds themsdves are moving. Now the
planets have motions of their own which complicate matters.
Copernicus accor dingly fixesupon theannual circuit which the
Sun appears to perform againg the background of the gars
The andents thought that the Sun dexribed a cirde with the
Earth fixed at the center. But one could equally well assume
that the Earth described acircleabout afixed Sun. In that casg
what real motions mug the planets be supposad to posses in
order that such amation of the Earth may make them appear
to move as they do?

The solution of this problem was not very easy; but the
answve was very smple. Supposing the Earth to revolve in a
crcle about the Sun at the center, then each planet mug also
berevolving in a drde about the same center. Thusthe orbits
of the Earth and planets are a sygem of concentric drdes hav-
ing the Sun as their common center. When Copernicus had
arrived at this beautifully smple result, his mathematical in-
ginct, formed in the schod of Pythagoras, told him that it was
thetruth. " I n themidg of all dwdlsthe Sun. For who could
s thisluminary in another or better placein thismog glorious
temple, than whence he can at one and the same time lighten
thewhole. . . . And s, asif seated upon aroyal throne, the
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Sun rules the family of the planets as they circle round him."

A prominent feature of Ptolemy's planetary theories had
beeathe huge epicycle (Chap. X) in which each planet moved
round about its mean position. This contraption was necessary
in order to explain why a planet's gpeed and distance appeared
to vary so greatly as ssen by an Earthbound observer. Coperni-
cus had now shown that this supposed motion of the planet
on an epicyclewas simply an illusion produced by transferring
to the planet the real annual revolution of the Earth about the
Sun. He thus abolished at one stroke the most considerable
complication of the motion of each planet onthe ol d theory.

The Copernican sysem, then, in its broad outlines, assumes
that the Earth and the planets all move round the Sun in con-
centric circles. Their order of arrangement is shown in Fig.
14, B with Mercury tracing out the innermost, and Saturn the
outermogt, circle. The Moon circulates round the Earth all the
time that the latter is making itsway round the Sun. The gars
were thought to be Situated at the grestest distance from the
central Sun. Whether they were fixed to a sphere, or scattered
through infinite gpace, Copernicus ssams to have left as an
open question.

The simple planetary theory we have just described was
rather too simple to account for all the facts of observation in
detail. For the planets redlly follow arather more complicated
law of motion than that of revolving steadily in circles. This
law was not discovered until about sixty years after the death
of Copernicus. Meanwhile, he tried to adjust his theory to fit
the observations by refining on the simple scheme of Fig. 14, B.
Into the details of these refinements we shall not enter, though
agreat part of the Revolutionsiis taken up with working them
out. We shall merely date that Copernicus employed for this
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FIG. 14A. THE SYSTEM OF THE WORLD IN BROAD OUTLINES
According to the Greek and Medieval Agronome's

pur pose the same geometrical devices as Ptolemy—the defer-
ent, epicycleand excentric (Chap. X ) .

Thuswe must distinguish the Copernican theory—the fruit-
ful idea of a Sun-centered Universe, which was of permanent
value—from the Copernican system—the mass of artificial
"dodges' for representing the motions of the planets which
was soon to be swept away by Kepler (Chap. XXXVIII).

In order to calculate the Szes of these various planetary
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FIG. 14B. THE SYSTEM OF THE WORLD IN BROAD OUTLINES
According to Copernicus

adrdes, Copernicus made use of skilfully combined sts of
observations—his own and those of early agronomers That
was why he had to obsarve the &y for himsdf and why he
manufactured ingruments and st up histurret-observatory at
Frauenburg.

Copernicus was won over to his new theory by the charm of
itsgreat amplicity. But he knew that it would becriticized by
everybody as opposad to accepted ideas of mechanics and con-
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trary to common sene S0 in his book he made a little list of
the sort of objections he expected people to make, and tried to
ansaver them beforehand.

For example, it would be argued that, if the Earth turned
round once in a day, we should all be carried round towards
the eadt at agreat speed. It might be as much as iooo miles an
hour if welived near the Equator. Anythingfloatingintheair,
such as acloud or abird, would be left behind, and would
appear to us to be traveling westward at a breakneck speed.
Or if achild threw aball straight up into the air, it would come
down again some hundreds of yards to westward of the place
where it was thrown. Copernicus replied that the air surround-
ing the Earth, together with the bodiesfloating init, islargely
carried round the Earth in itsdaily motion.

Then there was the argument that, if the Earth spun round
at such aterrific gpeed, it would break into pieces like awheel
that is made to revolve too fast. To this Copernicus replied
that, if the Earth did not rotate once a day, then the sky must
do so to make the stars rise and s&t. And, because the sky is 0
much bigger than the Earth, its surface must be moving pro-
portionately faster, and therefore must be in much grester
danger of breaking in pieces. So that, after all, the Earth was
much morelikely to beturning than the sky.

Aswe have said, Copernicus did not forget his old promise
to Pope Leo X that hewould try to determine the exact length
of the year. But the task proved rather more difficult than he
might have anticipated. The trouble is that there is more than
one kind of year. On the one hand, there is the time in which
the Sun gppearsto make one complete circuit of the ky against
the stars and to get back to his starting point (Chap. HI). We
can call that the star year. On the other hand, thereisthe period
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in which the seasonsrepeat themsdves—say thetimefrom the
beginning of spring, 1947, to the beginning of spring, 1948.
Thiswecan call the seasonal year. The seasonal year isabout
20 minutes shorter than the gar year. That isnot very much.
But the difference between theresults of reckoning by onekind
of year or by the other adds up with lapse of time. After two
yearsit isforty minutes after threeyears an hour; after sev-
enty-two years aday, and soon. Now thedar year istheeager
to measure; but the seasona year is the more useful as it cor-
responds to the return of seedtime and harvedt, and of the
longest and shortest days

However, Copernicus thought the length of the ssasonal
year varied very much. Hewasled to thiswrong conduson by
sudying old, unreliable observations Aswe have already seen
(Chap.. X X1), Copernicus took other people's observations at
ther face value, and he gave himsdf a lot of neadless trouble
in consaguence I n this case hefilled pages of hisRevolutions
explaining how the Earth, besdes rotating once a day and
revolving once a year, mug alo perform a sort of double
wobble s0 as to agree somehow with some doubtful observe
tions of theold Greek and Arab asronome's

Still, Copernicus found the lengths of the gar year and of
the seasonal year pretty accuratdy. For example, his etimate
of the dar year, 365 days 6 hours 9 minutes 40 ssoonds was
only about thirty ssoonds greater than the true value. He dso
wor ked out what he took to be the complicated " law" accord-
ing to which the length of the seasond year varied. He im-
proved, too, on the acoepted values of the various periods
connected with the Moon. Thus he kept his promise to the
Pope; and his results were used, later in the century, in the
reform of the calendar.

143



32. TheSzeoftheUniverse

One of the chief problems that the astronomer is expected to
solve is that of finding how far the heavenly bodies are from
the Earth, and how big they are.

Thefirst thing that had to be done was to find out how big
the Earth is. The ancients used to measure the elevation of the
midday Sun abovethehorizon from two stations, one due south
of theother. From the difference of the two elevations (taken
on the same day) and the distance between the stations, they
could work out the size of the Earth by doing a sum in pro-
portion. Thiswas donein Egypt about 250 B.C.; and it gave
the radius of the Earth with a fair accuracy.

Using this radius as a yardstick, the Greeks next tried to
find the distances of the M oon and of the Sun. In theory, their
methods wer e sound, and they obtained a good value for the
Moon's distance—about sixty times the radius of the Earth.
But their observationswer e not sufficiently refined to givethem
the Sun'sdistance. They concluded it was about 1200 timesthe
Earth's radius, whereas actually the number should be about
23,000.

To arrive at the digances of the planets, the ancients re-
sorted to mere guesswork. For example, it was sometimes sup-
posed that these distances stood to one another as the lengths
of aharp stringgiving noteswhich would sound together as a
musical chord. Later on it was recognized that the distance of
any given planet from the Earth varied within certain limits.
There thus arose the idea that the greatest distance of any
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planet from the Earth mus be equal to theleast digance of the
planet next outsdeit. Thusthe greatest digance of Mars mus
be equal to theleast digance of Jupiter. Theidea wasthat na-
ture would never allow usdess empty pacss in the Universe.

Copernicus looked into all these traditions concerning the
digance of the heavenly bodies He worked out afresh the dis:
tance of the Moon from his own observations, arriving at a
value of 60-30 Earth's radii as againg the modern value of
60-27. Herepeated Ptolemy's calculation of the Sun'sdigance,
but failed toimproveupon it. However, asregardsfinding the
digances of the planets—the radii of the drdes they dexribe
round the Sun—the methods ussd by Copernicus were a vast
improvement; and his values differ but little from those ac-
cepted today. Thus, taking the radius of the Earth's orbit as
the unit of length, Copernicus gives the radius of the orbit of
Mars as 1-520 (modern value 1.524), and that of Jupiter as
5219 (modern value 5.203).

The method employed by Copernicus to determine the dis
tances of the planets is applied in various ways in agronomy.
It depends upon a principle which kesps cropping up in the
arguments of that period for and againg the motion of the
Earth. Hence we had better try to explain it once for all.

We have already had one example of the principle. Coper-
nicus usd it when he argued that any motion of the Earth
would make everything outsde the Earth appear to travel in
the oppogtedirection (Chap. X X X 1) . It isthe experiencewe
have whenever we look out of the window of a moving rail-
way-carriage. Objectsby theline-sde show a Seady alteration
intheir direction asssen by us They also changetheir group-
ing, because the nearer an object is, the more it appears to be
affected by our motion. In fact, we could roughly judge the

145



SUN, STAND THOU STILL
digance of an object by finding how much its direction is
altered by our traveing, say, ahundred yards

This is actually done in surveying. A well-known problem
is that of finding the digance, say, of a tree on the far bank
of ariver which cannat be crossed (Fig. 15). The method is
to measure out a baseline AB on the near bank of the river,
and then with a theodolite, or some such indrument, to meas:

l\k"""‘_ Mo n o ww

FIG. 15. MEASURING THE DISTANCE OF AN INACCESSIBLE OBJECT

urethe bearing of the tree C, first from A and then from B,
. that is to messure the angles BAC and ABC. Knowing these
angles and the length AB, we can "sdve' the triangle ABC
and find the digance of thetreefrom A or B.

Let usthink of A and B astwo pogtions of the Earth in its
orbit on two different days of the year, and C as the postion
of a planet. Then that will give usa rough idea of theway in
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which Copernicus made us of the motion of the Earth to
determine the digances of the planets Of course, his problem
was more complicated because the planet is moving as well as
the Earth; and it isthe planet's digance from the Sun and not
from the Earth that is wanted. But the same principle holds
good, that thenearer athingis themoreitsapparent direction
is altered by a given shift in the podtion of the cbserver. Such
a change in the apparent direction of a thing produced by the
motion of the obsrver is called parallax.

But therewas another way in which the same principle could
be applied. If the Earth really traveed round the Sun once in
a year, this motion ought to produce an apparent shift in the
postionsof the stars. It might well be less noticeable than for
the planets, because the garsarefarther away; but it would be
worth looking for. Now, in the time of Copernicus nobody
had ever been ableto discover such an annual shift, or parallax,
in the dars and that was one of the main reasons (and the
oundes reason) why agronome's had aways maintained
that the Earth did not move.

Copernicus surmounted the difficulty, for the time being, by
saying that the garswereso far away that the shift they showed
was too small to be noticed. That ssamed a reasonable excuse
in those days of crudeingruments But the yearspassed, and,
with the introduction of the teescope, methods of observation
became moreand morerefined, yet still no parallax of thedars
was obsrved. Evidence kept accumulating in favor of the
Copernican theory; but the absnce of gar-parallax remained
a black spat until just over a century ago, when minute shifts
were detected in several of the neares gars and the Coperni-
can theory was finally etablished.
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When we turn from tracing the life-story and exploring the
writings of Copernicus the astronomer to attempt some asssss
ment of him as a human being, we sek in vain for the sort of
material upon which such judgments arewont to bebased. We
have nothing in the way of a biography of the man, written by
one who knew him personally, and containing those litjtle
revealing touches which often help us to understand the great
ones of the past. Even more serious is the almost complete dis
appearance of the correspondence of Copernicus—the letters
he exchanged with his family and friends, or with the learned
men of his day. This correspondence was long preserved at
Frauenburg; but at sometime or other it shared the common
fate, or was perhaps filched by some Copernican scholar whose
zeal outran his honesty.

We turn to the various portraits of Copernicus which have
come down to us and for whose authenticity varying claims are
made. These portraits bear a general likeness to one another.
They reveal aman in the primeof life, of somewhat harsh fea-
tures, with thick, short hair, a brooding expression, and a pene-
trating glance.

Perhaps we can learn most about the character and dispos-
tion of Copernicus from hislife-story itself, studied against the
background of hisage. In our day a man usually makes a name
for himself by excelling in some limited sphere of activity, such
as scholarship, soldiering or palitics, art, money-making or
sport. Few people think any the less of such a man if he is
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grossly ignorant concerning everything outside his chosen
field, and dmost inarticulate even about his specia interest in
life. But when Copernicus lived, adifferent standard prevailed,
especiadly in Italy, where he spent some of hismost impression-
able years. There a man was judged by the range and balance
of his interests and attainments, by his ability to give distin-
guished artistic expresson to whatever was in him, by his
wisdom in the councils of the state, by his contributionsto the
useful arts, by his physical vigor manifested in sport and war.
This ideal of manhood was largely realized in such men as
Leonardo daVinci and Philip Sidney. Itsinspiration can be
traced in the character and career of Copernicus as we recall
ome of the agpects of his many-sided achievements.

To what we have dready written of hislabors in astronomy
it may be added that he had formidable difficulties to overcome
in this science. For example, the ol d observations were dated
according to caendars whose relations to the Christian caen-
dar were somewhat obscure. A |l that had to be cleared up so
that the exact number of years, days, hours, etc., between, say,
two eclipses of the M oon could beknown. Again, the modern
astronomer can lighten the burden of computation by using
logarithmic and other such tables, or by operating a calculat-
ing-machine. But Copernicus had to work out every problem
using only the clumsy arithmetical methods available in his
day. Hewas dso without those invaluable aids to precision in
astronomy, the telescope and the pendulum-clock.

In mathematics, he was something of a pioneer. The chap-
ters on trigonometry occupy only a few pages of the Revolu-
tions. But they contained matter which would be new to many
European mathematicians; and their importance amply justi-
fied their separate publication by Rheticus.
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Balancing his devotion to astronomy and mathematics, the
other interests of Copernicus reveal the versatility so much
admired among the men of the Renaissance. H$ was a linguist
knowing at least Polish and German (and probably Italian)
together with Latin and Greek (and perhaps Hebrew). He
was, indeed, one of the few Greek scholars of his age in the
part of theworld where his later yearswere spent. His attain-
ments in theology and Church law, and in medicine, would
havecarried him high in either profession had he not valued his
freedom and independence more dearly than wealth or prefer-
ment. |t cannot be pretended that hewasfilled with the heroic
devotion to his sacred calling which has inspired the saints in
all ages Nowadays, he would be consdered a more suitable
candidate for a college fellowship than for Holy Orders. But
in hisown age he must have passed for an exceptionally favor-
able specimen of the priesthood.

Another phase of the genius of Copernicus is revealed in his
contributions to economic theory, and in his activities as an
administrator. His literary powers found scope in his tranda-
tions of the poems of Theophylactus; they are revealed more
impressively in the excellent diction of the Revolutions. He
may well have been something of a poet; though the Latin
poem of the Seven Stars, dealingwith theearly lifeof our Lord,
and once attributed to Copernicus, is now thought to be by
another hand. Asayoung man he dabbled in geography, later
handing his work over to Rheticus to finish. Copernicus also
won a measure of fame as an artist, and he is said to have
painted his own portrait; though only a copy of this work
remains, decorating the astronomical clock of Strashourg
Cathedral.

This universal culture which Copernicus absorbed during
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his long student years did not make of him abookworm, or a
walking encyclopedia, or a mere dreamer. His mind was no
scrapbook, but a chest of tools tempered by philosophy and
sharpened by intercourse with the choice spirits of many
nations. He returned from Italy equipped not only with the
learning, but also with the knowledge of human nature and
affairs which he would need to play the active part in pesce
and war assigned him by destiny. The whole story of the man
goesksto usof hisindependence of mind and self-reliant tenac-
ity of purpose. Unmoved by the prgudices or the convictions
of those around him, without the solace and counsdl of like-
minded friends or the stimulus of active controversy with oppo-
nents, he pursued his solitary purpose for a generation, seeing
it brought to fruition only in the last hours of hislife.

It is natural in these days that attempts should be made to
relate the achievements of Copernicusto the circumstancesand
neads of the society in which he lived. For example, there is
an obvious sgnificancein the stirring of interest in astronomy
during agreat age of ocean navigation. Other such cross-links
between the astronomer's career and his socia background may
have suggested themselves to the reader. But the hour awaits
the man; and, when all has been said, the secret behind the
achievement of Copernicus remains part of the mystery which
enshrouds the genius of all the great pioneers who have turned
human thought into new channels.

There has been much argument as to whether the Kopper-
nigks were Poles or Germans. Generally speaking, Polish
scholars claim the great astronomer for Poland, whilethe Ger-
mans maintain that he was one of themsdlves. For Copernicus
himself and his contemporaries the dispute would have had
very little meaning. The division of the ssamless garment of
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Christendom into separate nations or sovereign sates, which
today we accept as a matter of course, was then only beginning.
-And the idea that people belong to all sorts of different races,
with boasts of racial "purity" or "superiority," is something
that has come up practically within the memories of people
still alive. Hence if the astronomer had been asked concerning
his race and nation, he might have replied that he was a loyal
son of the Church, but otherwise would scarcdy have under-
stood thequestions.

Even for ustoday it isnot an easy question to answer. Torun
was founded by Germans; its leading citizens, like those of
Cracow, were mostly Germans. Hence the astronomer may
well have been of German extraction. The possible connection
of the family on both sdes with Silesa does not prove much
either way for its population was a mixed one. On the other
hand, the ancestors, especially on the father's sde, must have
lived for so many generations under allegiance to the King of
Poland as to be, for all practical purposes, Poles. And Coper-
nicus followed the family tradition in siding with the Poles
againgt the Germans in times of criss. In any casg, it was
Poland, and Cracow above all, that first nourished the youth-
ful genius of Copernicus. And since his death it is chiefly the
Poles who have gloried in their share in him, and have cher-
ished the renown his achievements have brought to their heroic
and ill-starred nation.
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34. The First Reaction

In these concluding chapters, we shall try to round off the
story of Copernicus by giving some account of how his main
ideas have come to be accepted as true. It is of course, im-
possible to say how long this process took to accomplish. There
wer e some people who accepted the Copernican theory right
away. On the other hand, there may still be some cranks who
maintain that the Earth is fixed in space and that the heavenly
bodies revolve round it. But we shall not be far wrong if we
assume that the last traces of serious opposition were swept
away by Newton. And as his great book appeared in 1687,
we may, perhaps, take one hundred and fifty years as roughly
the length of thisimportant sage in the growth of astronomy.

That the process took as long as this was due mainly to two
causss. I n thefirst place, we cannot prove the Coper nican theory
to be true in the smple, straightforward way in which we
"prove' aproposition in Euclid. It was rather a matter of in-
terpretation and of the piecing together of indirect evidence.
On theother hand, the idea of a moving Earth conflicted both
with the prgudices of common snse and with religious be-
liefs expressed in terms of the older view of the world.

Into this period of about a century and a half great events
wer e crowded, giving it something of the quality of a breath-
taking drama moving relentlessly to its appointed fulfilment.
And as we follow the unfolding of the plot, we shall have to
record, not only the gradual triumph of the ideas of Coper-
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nicus, but also their development and transformation in many
ways that he could not have foreseen, and would not always
have liked if he had.

The Revolutions, when it was first published, caused
but little excitement. Very few people could understand
it. Those who Could were mostly astronomers. And they
saw in the book merely a new way of constructing plane-
tary tables, which was what Osiander in his Preface had de-
clared ittobe (Chap. X X X ). The Catholic authorities took
no action against the Copernican theory, as such, for about
seventy years. But the Protestants, beginning with Luther,
criticized it sharply, as we have seen. They had revolted
against the authority of the Pope and the Councils of the
Church to take their stand on the words of Scripture. So they
wer e very nervous about any teaching that seemed to contra-
dict the Bible. They brought forward texts that seemed to
imply that the Earth stood still while the Sun moved across
the sky—for instance, that the Sun "reoiceth as a strong man
torunarace' (Ps. X1 X, 5); that it "returned ten degrees’
" on the sun dial of Ahaz (Is. XXXVIII, 8) ; and that Joshua
commanded the Sun (not the Earth) to "stand still" (Jos. X,
12-14). But in 1543 Luther had but three yearsto live. And
the Protestants, being themsdves a new movement which had
come into being through a revolt against authority, were not
in avery strong position to check other new movements.

In fact, curioudy enough, some of the earliest disciples of
Copernicuswer eProtestants. Thefirst discipleof all, Rheticus,
was, as we have seen, a professor at the Protestant University
of Wittenberg. Melanchthon had founded two Chairs, or
professorships, of Mathematics at Wittenberg. The junior
professor was Rheticus. The senior Chair was occupied by
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one Erasmus Reinhold; and he, too, in a different way, played
a part in establishing the Copernican theory.

Already, in abook brought out in 1542, Reinhold refers to
Copernicus (then still alive) asa"second Ptolemy/' Whether,
in fact, Reinhold was really a Copernican, we cannot be sure.
It was part of his dutiesto lecture on astronomy at the Univer-
sity; and of course he was expected to teach the Ptolemaic
system of astronomy. The textbooks that he edited for his stu-
dents and that have come down to us were aso treated from
the same point of view. Hence, if he accepted the Copernican
theory, he must have kept his opinions to himself. But at least
he understood the advantages of the Copernican scheme as a
basisfor constructing planetary tables. Andin 15 51 he brought
out a sat of tables based upon those in the Revolutions, The
cost of printing them was paid by Duke Albert of Prussia (the
former Grand Master), in whose honor they were called the
Prussian Tables. Reinhold enlarged the tables of Copernicus
and corrected alot of slips. But even the revised figures suffered
from the same drawback as all other such tables down to that
period—they were based upon too few and too crude obser-
vations.

However, with all their faults, the Prussian Tables were
more accurate than any that had gone before. And they re-
mained unsurpassed for nearly 80 years; in fact, until the ap-
pearance of Kepler's set, based upon a completely reformed
theory of the planetary motions. The Prussian Tables did not,
indeed, owetheir superiority directly to their being based upon
the "Sun-centered" theory rather than the "Earth-centered."
But the fact that they were superior brought them into gen-
eral use, and advertised the Copernican theory in a favorable
light.
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35. The Copernican Theory
in England

Copies of the books of Copernicus, Rheticus and Reinhold,
circulating all over Europe, made the Copernican theory gen-
erally known among those interested in such matters. No-
where was its influence more immediately and remarkably
shown than in England. A greater freedom of opinion pre-
vailed there than on the Continent. The influence of the earlier
Greek thinkers had not been so completely overshadowed by
that of Aristotle in England as elsewhere in western Europe.
And just at this period there were several brilliant writers on
scientific subjects, somewriting in Latin for scholars, but some
also in English for the common people. It isin the works of
these men that we have to look for the earliest references to
the Copernican theory in England.

In the first place there was Robert Recorde, the royal phy-
sician to Queen Mary, that daughter of Henry V111 under whom
England returned in some measure to the Catholic faith. Be-
sides being a doctor, Recorde was one of the few Greek schol-
ars of hisday. He was also a brilliant mathematician; and his
knowledge of the Greek tongue enabled him to read some of
the great old mathematical and astronomical books in the
original Greek. Add to all thisthat he was one of the pioneers
in modern methods of teaching science to beginners. Recorde
turned all these qualifications to good account by writing a
st of textbooks on mathematics. They were meant to be.of
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use to intelligent artisans who knew no Latin, and they were
thereforewritten in the picturesque English of the time. They
also formed a complete series, beginning with easy arithmetic,
and going on through Euclid and algebra to astronomy. The
books were made more readable by being written in the form
of dialogues between a Master and a Scholar; and they bore
quaint titles.

The dialogue dealing with astronomy was called The Castle
of Knowledge. Here the Master gives Ptolemy's arguments
that the Earth is at rest at the middle of the Universe. He ad-
mits that other men have been of a different opinion, among
whom he names Philolaus (Chap. V I1), Aristarchus (Chap.
X), and Copernicus, "aman of great |earning, of much experi-
ence and of wonderful diligence in observation," who has de-
clared "that the Earth not only moveth circularly about hisown
center, but also may be, yea and is, continually out of the
precise center of the world 38 hundred thousand miles." The
Scholar isinclined to ridicule this view; but the Master tells
him the matter is beyond his present understanding, and bids
him "condemn nothing that you do not well understand.” He
promises, on some future occasion so to set forth the view of
Copernicus "that you shall not only wonder to hear it, but aso
peradventure be as earnest then to credit it as you are now to
condemn it." So, reading between the lines, perhaps we can
hail in ol d Robert Recorde the first Copernican of the English-
speaking world. The date of hisbook is 1556, or thirteen years
after the Revolutions.

There were other writers of the period who were led to take
an interest in the Copernican theory through the use they made
of the Prussian Tablesof Reinhold (Chap. X X X 1 V). Among
thesewas the Y orkshireman, John Field, who, in the same year
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1556, published an Almanac giving the places of the Sun,
Moon and planets for the ensuing year. He praises the "Her-
culean labors" of Copernicus; and he justly claims that hisown
almanac, based on Reinhold, is a great improvement upon the
others then in use in England. But he does not say whether he
accepts the Copernican theory as the really true picture of the
Universe.

Some people thought it quite likely that the Earth turned
round daily on itsaxis, but were not so sure about its revolving
yearly round the Sun. We find this attitude in another English
royal physician of the sixteenth century—William Gilbert,
Queen Elizabeth's doctor. Gilbert was a pioneer in amovement
which became steadily more important during the period we
have still to cover in these pages, and which has since gone
from strength to strength. This movement was nothing less
than the rise of experimental science, the practice of seeing
for ourselves how things behave under conditions that we can
control, instead of arguing about how they ought to behave.
Gilbert applied this method of experiment to the study of
magnetism and electricity about which littlewas knownin his
day. His great book, setting out the results of nearly twenty
years work, was published in 1600.

The magnetic compass needle was indeed known in those
days and was used by sailors. Gilbert explained its properties
by supposing that the whole Earth was one huge magnet, to
the two poles of which the needle always pointed. He per-
formed the experiment of floating a magnet on alittle raft on
water, and watched it spin round under the attraction of the
Earth so asto point north and south. He argued (mistakenly)
that the whole Earth, being one great magnet, must also have
anatural tendency to spin round on itsaxis, and that accounted,
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he thought, for the daily rotation of the Earth according to
Copernicus. He also thought there was a good reason why the
Earth should keep continually turning. If it- did not do so,
the sde of the Earth which was always turned towar ds the Sun
would be scorched, and the sde turned away would be frozen.
Or dsg, as Ptolemy supposed, the whole heaven would have to
turn round once every day while the Earth stood still. And
Gilbert thought this unlikely; for how could the tiny Earth
resst the mighty swirl which carried all the stars and planets
round oncein a day ?

The Earth'syearly revolution round the Sun seemed to have
no obvious connection with magnetism. Accordingly, Gilbert
had littlefaith or interest in that part of the Copernican theory.
But, by starting the idea that it is magnetism that keeps the
heavenly bodies moving, he exerted an important influence on
Kepler (Chap. XXXVII1) and other thinkers of the seven-
teenth century.
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36. The Unbounded Universe

M en have often wondered how big the Universeis. They have
asked, Does space extend without limit in all directions? Or
isit bounded by some kind of wall; and, if so, what is on the
other side of the wall? Are there other Universes such as ours?
The earliest Greek thinkers asked such questions. And Plato
and Aristotle replied that our Universe is a sphere of limited
size, and that there is nothing whatever outside it, not even
empty space.

For Aristotle, indeed, the limited size of the Universe
seemed to follow necessarily from his belief that the heavens
turned round completely once every day. For if any part of
the heavenswere infinitely distant from the center about which
the whole turned, then that part would have an infinite road
totravel, and would have to move at an infinite speed in order
to cover it in twenty-four hours. And Aristotle declared that
there could be no such thing as an infinite speed; so the Uni-
verse could not be infinite. This view generally prevailed
throughout the Middle Ages; and Copernicus himself did not
try toupset it. In his diagram of the Universe, upon which our
Fig. 14, B, is based, there is an outermost circle labeled "the
motionless sphere of the fixed stars." Whether that was the
limit of the Universe or not, Copernicus was content to leave
as an open question to be debated by "philosophers."

However, one result of the revival of ancient learning at the
end of the Middle Ages was that people rediscovered the old
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Greek questionings about whether the Universe was infinite.
And Copernicus, by transferring the daily rotation from the
heavens to the Earth, destroyed the force of Aristotle's argu-
ment. For there was no reason why the Universe should not
extend without limit in all directions provided it was not ex-
pected to turn round once in a day. In fact, one of the most
striking developments of the generations immediately follow-
ing Copernicus was the growing tendency to regard the Uni-
verse asinfinite.

This old idea seems to have been revived by another of the
early English Copernicans, a distinguished scientific writer
called Thomas Digges. He published an almanac in 1576 con-
taining, among other things, an explanation and defense of the
Copernican theory, and an English translation of an important
chapter of the Revolutions. There is also a diagram of the
Copernican universe—the first of its kind to appear in an
English book. And, what is of even greater interest, this dia-
gram shows the fixed sars as no longer confined to a sphere.
Instead, they occupy a region extending outwardsin all direc-
tions to an infinite distance from our sysem. That sysem,
according to Digges, still retained its position at the center
of the scheme of things. But an infinite space cannot truly be
said to have a center at all. And so the next stagein the process
was to dethrone the Sun and his train of planets from their
position of privilege, and to make them just one of an infinite
number of similar sysems floating about in a boundless space.
The man who took this bold step was Giordano Bruno, the
runaway monk whose tragic fate marked the cdose of the cen-
tury of Copernicus.

Born near Naples in 1548, Bruno joined the Dominican
Order while still a boy. But he revolted against the teachings
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of the Church on a variety of subjects, and he was forced to
fly from Italy. Thereafter he lived the life of a wandering
teacher and writer until, lured back to his native land, he was
brought to trial for hismany departures from the faith. After
a long imprisonment, he was burned at the stake in Rome in
1600.

Bruno was an ardent Copernican. But he revolted against
the world-picture of Aristotle in a much more thoroughgoing
fashion than the astronomer-priest had ventured to do. For
Bruno, space was infinite; the Sun was merely a star; the dars
wer e auns, each with itsown train of planets, all moving freely
like living things. The pattern of our solar sysem was thus
endlesdy repeated through space like the design on a wall-
paper. Bruno's chief argument for a boundless universe was
that God's powers are unlimited, and therefore they must find
expresson in an infinite work of creation. Otherwise His
capacitieswould be only partially realized. He began to publish
dialogues setting forth these ideas in 1584, during the two
years that he lived in London; it is possible that he met and
was influenced by Thomas Digges at this period of his life.
He guessed at many things that science has since brought to
light, that the gtars are not fixed in a sphere; that everything
is made of the same sorts of matter; that the solar sysem con-
tains planets undiscovered in Bruno's day; that a comet is a
sort of planet, and so forth.

Giordano Bruno did a great deal to make the Copernican
theory generally known on the continent of Europe. His idea
that the Sun and dars were inhabited by beings like oursdves
was widely accepted until about 150 years ago; it has declined
following the discovery that these bodies are made of whrte-
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hot gas. It would not be true to sy, as is sometimes said, that
Bruno was burned alive for being a Copernican. Nevertheless,
his fate chilled the hearts of other supporters of the theory,
and checked its spread for atime in Catholic countries.
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37. ANew Sar and a Great Observer

It sometimes happens that a faint, almost unnoticeable star
suddenly flares up to rival in brilliance the night-suns Sirius
and Vega, or the planets Venus and Jupiter. Such an event
has occurred several times during the present century, giving
riseto what ispopularly called a " new star." Whenever any-
thing of this sort happened, the early astronomersused to say
that it could not be a star, because Aristotle had declared that
a heavenly body could not possibly suffer any change. It must
be some sort of explosion in the atmosphere, perhaps some
inflammable vapor catching fire not far from the Earth's sur-
face.

In the autumn of 1572, one of these new or (as we prefer
tocall them) temporary sarsflashed out in the northern sky.
The event was of historic importance. In thefirst place, the
star was the brightest object of its kind of which we have any
record, being visiblein broad daylight. Secondly, the interest
it aroused started developmentswhich greatly helped towards
establishing the Copernican theory.

All over Europe astronomers hailed the appearance of this
brilliant object. Then they st towork to measure how far away
it was. For this purpose they made use of the principle of
parallax that we have already explained in Chapter XX XI1.
They argued that, if the object was near the Earth, then asit
pasad acrossthe night ky it ought to shift itsposition in rela-
tiontothesarswhich appeared tosurroundit. Even theM oon

shifts through a whole degree as it pases from the zenith to
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the horizon. If the new star were nearer usthan the Moon (as
was thought likely), then it should show a greater shift than
one degree, and thiswould be easily measurable. But the most
skilful astronomical observers of the period (among them the
Englishman, Thomas Digges) could detect no shift at all.
Thismeant that the new star was much farther away from us
than the Moon. And snceit did not share the motions of the
planets, it must belong to the region of the fixed stars where
(it was believed) no changes could take place, and'nothing
new could come into being. This contradiction of one of Aris-
totle's fundamental principles helped towards the overthrow
of the older astronomy, and the rise of the modern science of
the heavens.

However, the new star of 1572 hasa second claim to a place
in our story. Its dramatic appearance roused to activity the
man who proved, next to Copernicus, the greatest astronomer
of the sixteenth century. Thiswas Tycho Brahe, the Dane. In
some regpects, notably as an observer, Tycho was perhaps an
even greater man than Copernicus. He certainly enjoyed more
favorable conditions for his work. However that may be,
Tycho made an indispensable contribution to the triumph of
the Copernican theory even though, strangely enough, he did
not believein it!

Born in 1546, the son of a nobleman, Tycho was sent the
round of the northern universities to prepare for a career in
politics. But he neglected the subjects he was supposed to be
studying in order to devote his days and nights to astronomy.
He had only crude, home-made instruments; but they sufficed
to show him how inaccurate were the planetary tables of the
period—even the Prussian Tables (Chap. X X X | V') based on
thework of Copernicus. After hisreturn to Denmark, Tycho
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drifted into the study of chemistry, and he fitted up a labora-
tory in an outbuilding of the house where he was staying. It
was while returning thence one November evening in 1572
that he cast his eyes up to the sky and beheld the brilliant
new star.

Tycho played a leading part in the attempts to estimate its
distance, showing how the results generally went to prove that
the object belonged to the heavens and not to our atmosphere.
In after years he showed that comets, which had likewise been
regarded as mere atmospheric explosions, were in reality heav-
enly bodies. And he pointed out that, since comets wander
about freely in regions supposed to be occupied by solid
spheres carrying the planets round, therefore these spheres
could not have any real existence.

The fame of Tycho Brahe came to the ears of the King of
Denmark who established him in a magnificent observatory
on an island in the Danish Sound. Here he labored for over
twenty years, helped by his growing family and by a band of
assistants. His specia task was to observe the Sun, Moon and
planetsin their courses round the sky, recording their positions
at frequent intervals over many years. He knew that only by
comparing together a great number of such recorded observa-
tions would it be possible to construct an accurate planetary
theory (Chap. X ), and to calculate reliable planetary tables.
The great weakness of the Copernican system, and of the
tables calculated from it, was that it was based upon so few
observations. Even of these, some were probably spurious, and
none had been made with accurate instruments. Tycho planned
and constructed his own instruments; his equipment and
methods of observing were a great advance on those of earlier
astronomers.
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Tycho Brahe had a deep respect for Copernicus and admired
his sysem as a beautiful piece of geometry. But he could not
bring himself to believe that "the gross, slothful body of the
Earth" could possess any motion of itsown. Hewas driven to

FIG. 16. TYCHO BRAHE'S INSTRUMENT FOR MEASURING
CELESTIAL ALTITUDES

The two wooden arms are jointed together. The lower arm is fixed
horizontally; the upper arm is raised by turning the screw until the
two sights are directed towards a sar whose altitude above the horizon
is then read off the graduated scale
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this view, both by the principles of physics accepted in those
days, and by the authority of the Bible, which seemed to teach
that the Earth wasat rest. -

Then there was the old question of parallax—the annual
apparent shift in the star-places which should be produced by
the Earth'srevolution about the Sun (Chap. X X X | 1) . Tycho
searched in vain for this effect. The absence of it meant either
that the Earth stood still, or that the gars were at an almost
unbelievably great distance. And Tycho, influenced by the
ideas of his day, could not believe that nature would allow
auch a vadt, usdess gace to exist between the most distant
planet of our system and the gars. Again, in those days it was
thought that a star showed an appreciable disc representing a
measurable angle at the observer's eye (Fig. n) . For a gar to
be sufficiently far away to show no parallax and yet to be big
enough to appear asa disc, it would need to be very big indeed
—perhaps bigger than the whole orbit of the Earth round the
Sun. Thiswasheld to be an incredible sze for a star; and Tycho
thought it more reasonable to rgect the Copernican theory
altogether, and to propose one of his own. He supposed the
planets to revolve round the Sun, while the Sun and Moon
revolved round the Earth, each in its own proper period. In
addition, the whole heavens turned round the Earth from east
to west once every day. Some people who wer e dissatisfied with
the Ptolemaic theory, but who were not quite prepared to take
the plunge and embrace the Copernican theory, adopted this
so-called " Tychonic" sysdem as a halfway house.

The observations of Tycho and his gaff, continuoudly car-
ried on for many years, were far more numerous and accurate
than those of any earlier astronomers. And it was his intention
to make use of them for working out his sysem in detail ds
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Ptolemy and Copernicus had worked out theirs. But he quar-
reled with the Danish government, and left Denmark to spend
his last days in Prague, under the patronage of the German
Emperor. And before he could get his work going again, he
was carried off, in 1601, by a sudden illness. However, during
these last months at Prague, Tycho Brahe secured as an asss-
ant a young German astronomer, John Kepler; and it is his
name that is associated with the next decisve sep in the estab-
lishment of the Copernican theory.
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38. How a Planet Moves

John Kepler wasborn in Germany in 1571. His father was a
drunken swashbuckler, who, though supposed to be a Prot-
estant, hired himself out to fight for Spain and Rome under
the notorious Duke of Alva. His mother was an innkeeper's
daughter who was later brought to trial asawitch. When the
father came out of the army, he settled down to keep a public
house. T he boy's schooling was interrupted both by his having
to help at home, and by the ill health which was to dog him
through life. However, he won a scholarship to the great
Protestant University of Tubingen, and there began to train
as a clergyman. At TUbingen, also, Kepler came under the
teaching of Michael Maestlin, the Professor of Mathematics
there. Maestlin had played a notable part in proving that the
"new star" of 1572 really wasa star (Chap. X X XV I1). He
was a believer in the Copernican theory; and he won over the
young Kepler to the same opinion. After graduating, Kepler
was appointed a teacher at Graz, in Styria. Her e he enjoyed
considerable leisure; and he devoted it largely to astronomy.

Like Copernicus, Kepler had been influenced by the revival
of Pythagorean ideas in southern Europe (Chap. VI1). He
thought God had created the world according to a*imple pat-
tern which we might hope to discover with a little patience
and ingenuity. This pattern might (he thought) show itself
through simple rules connecting the numbers and periods of
revolution of the several planets and the sizes of their orbits.
Kepler's first attempts to discover the secret of the Universe
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along these lines produced a fanciful scheme of things of
which he was extremely proud, although, as it turned out, he
wasfollowing afalsetrail. However, hisfirst book of 1596, in
which the whol e thing was set out, served to make him known
to the Danish astronomer, Tycho Brahe, who, aswe have seen, ,
was just about to leave Denmark to settle in Prague. In 1599,
Tycho had arrived there, and he was looking out for a new
astronomical assistant. Also, by that time, Kepler was looking
out for a new assignment. For at Graz the authorities were
now enforcing the Catholic religion; and Kepler was a Prot-
estant. To escape persecution and worse, he was glad to take
service under the Danish astronomer. That was how Tycho
Brahe's unrivaled series of observations of the planets came
into the hands of the one man in the world, perhaps, who
could have unraveled a new planetary theory from them.

Kepler tried to reduce the observed motion of the planet
Marsto arule. He began while Tycho was alive, and carried on
as his successor after his death. He tried at first to represent the
planet's motion by means of the same geometrical "dodges"
earlier astronomers had employed—the excentric circle and
the rest (Chap. X) . By these means he succeeded in fitting the
theoretical to the actual motion of the planet so closely that’
they never disagreed by more than about a quarter of the ap-
parent breadth of thefull Moon. But Kepler thought so highly
of Tycho's accuracy that he could not imagine him being wrong
by even so much as that. So he scrapped all the work he had
done on these lines, though it had meant four years of tedious
calculation.

In his next attempt to solve the problem, Kepler brought in
all sorts of physical ideas as to how the Sun might drive the
planets round in their orbits. Like Aristotle and the other old
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writers on mechanics, Kepler thought that a moving body
would stop unless it was being continually pushed along. He
thought that rays of force came out from the Sun like spokes
from the hub of awheel, and that, asthe Sun turned round on
itself, these rays somehow pushed the planets along. The far-
ther a planet was from the Sun, the weaker was the force, and
the dower the planet would move. But when, assuming this
law to hold, Kepler tried tofit an orbit to the observed motion
of Mars, he found that this orbit could not be a circle at all,
but must be some sort of oval figure. It proved to be the sm-
plest kind of oval—an dllipse. Thisresult Kepler later showed
to hold also for the orbits of the other planets, including the
Earth; and it has come to be known as Kepler's first Law of
planetary motion. But he found that a planet did not move at
the same speed all round its orbit; it moved in a more compli-
cated manner, expressed by a second Law.

Kepler st forth these two Laws, and he described the round-
about way he had found them out, in another great book, the
New Astronomy, published in 1609. It is one of the most
important books in the whole history of astronomy, and one
of the mogt difficult to read. Some years later he discovered a
third Law of planetary motion. It was what he had been look-
ing for all his life—a simple arithmetical rule connecting the
sze of a planet's orbit with the time taken by the planet to go
xmeeround it.

Working from Tycho Brah€es observations and his own
three Laws, Kepler was able to congruct a great s of plane-
tary tables which he published in 1627, and which immedi-
ately superseded all earlier tables, including those of Reinhold
(Chap. XX X1V).BythetimeKepler had finished thesetables,

his life was nearly over. He had been caught in the disastrous
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Thirty Years War, a sort of aftermath of the Reformation;
and he had to travel far afield in search of a livelihood. It"was
after an exhausting journey, latein 1630, that he was stricken
by a fever which carried him off.

Kepler was an ardent supporter of the Copernican theory.
Unless he had taken itstruth for granted, he could never have
discovered his Laws, nor would they have had any meaning.
And in one respect he made a notable advance upon the origi-
nal Copernican sysem of the planets. Copernicus had claimed
to make the Sun the center of all things. But when he came to
work out the details of his sysem, he referred the movements
of the planets to the center of the Earth's orbit, which was not
quite the same as the Sun on his reckoning. This amounted to
giving the Earth a privileged position in the scheme of things,
and not treating it just like any other planet. Kepler put this
prejudice asde and referred the motions to the true Sun. He
had a sound ingtinct which told him that the Sun is, in some
snsg, the physical cause which keeps the planets moving in
their orbits.
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39. TheNew Mechanics

One of the principal reasons why the Copernican theory met
with so much opposition at first was that nearly everyone held
wrong ideas as to what makes bodies move and keeps them
moving or changes their motion. In fact the objection of the
Catholic Church to the Copernican theory was, in the first in-
dance, not that the motion of the Earth conflicted with the
wordsof Scripture. It was rather that the whole thing was con-
trary to the principles of mechanics as laid down by Aristotle,
which, aswe have seen, had become part of the official philoso-
phy of theChurch (Chap. X 1).

Aristotle had taught that earthly bodies fall because of a sort
of desire on their part to approach as near to the center of the
Univer se as possible. If they are seen to move in any other way,
then something must be continually pushing them along. The
heavenly bodies revolve round the Earth at the center because
it is their nature to do so; and so forth. Until this busness of
motion was cleared up, it was very difficult to understand how
the Earth could be moving rapidly without anything appearing
to push it along, and without our being conscious of the motion
in any way.

However, by the seventeenth century, sounder views on mo-
tion had begun to prevail. And thistendency culminated in the
foundation of the modern science of mechanics by the great
Italian scientist Galileo Galilei. Besdes clearing away mechan-
ical objectionsto the Copernican theory, Galileo helped it for-
ward in two other ways. In thefirst place, he pointed the newly
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invented telescope to the heavens, and discovered there things
that had an important bearing on the controversy between the
old and the new systems of the world. And, secondly, in that
controversy he played a manful part as the foremost champion
of the Copernican theory in his generation. It iswith his con-
tributions to that theory that we shall be here concerned,
though they represent but one side of his long and adventurous
career.

Galileo Galilei was born in 1564—the same year as Shake-
speare—in the Italian city of Pisa, which then lay in the Grand
Duchy of Tuscany. His father belonged to a noble family
which had come down in the world; and the boy was sent to
Pisa University to train as a doctor. He took little interest in
medicine. But he distinguished himself, first, by his taste and
talent for mathematics and physical experiment, and, second,
by his habit of arguing with his teachers and challenging the
statements that they expected him to swallow on their author-
ity. These two qualities give us the clue to his later career.
Galileo left the University without a degree in 1585; and he
spent the next four years at home studying the scientific works
of the ancient writers. Thereafter his life story falls into three
main periods, three years as a teacher at Pisa University, 18
years at the University of Padua in the Venetian Republic, and
then, from 1610 to the end of his life, as Mathematician to the
Grand Duke of Tuscany, with visits to Rome and imprison-
ments there. Hiswork on mechanics roughly fell into the first
two of these stagesin his career; histelescopic discoveriesand
defense of the Copernican theory fell into the third; though
after his condemnation in 1632 he returned for a time to his
early studies in mechanics.

Various legends have grown up about the experiments by
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which Galileo discovered and proved the laws of mechanics.
The most important discovery that he made in that branch of
science was that, once a body has been set in motion, it will
tend to go on moving in a straight line at a steady speed for-
ever. In order to slow it down, or to stop it, or to turn it aside, -
force has to be exerted on the body. It is true that the moving
bodies we see around us soon come to a standstill if left to
themselves. But that is because they are acted upon by forces
of the kind we class as friction. Thus a bicycl'e can be stopped
by putting on the brakes. But even without the brakes, abicycle
on alevel road soon stops unless constantly propelled by means
of the pedals. And it is stopped by forces of the same kind as
those exerted by the brakes, only now acting on the tires and
the axles, or through air resistance. Without such forces, the
bicycle would go on moving indefinitely.

Thisview of motion has an important bearing on the prob-
lem of the movements of the planets. For it had always been
thought that a planet (or the sphere that carried it round)
must either move of its own accord, like an animal walking or
abird flying; or else that it must be pushed along, perhaps by
an angel. But since Galileo there has been no special mystery
about why a planet goes on moving once it has been set in
motion. For that iswhat all bodiestend to do. What wasamys-
tery waswhy the planet movesin acurve round the Sun instead
of traveling off along a straight line into space. A likely ex-
planation was that there must be some force pulling the planet
in towards the Sun. And that wasthe linealong which progress
was next to be made in solving the problem of a planet's
motion.
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40. The Telescope onthe Withess Stand

When Galileo was a student, the accepted picture of theworld
was, broadly speaking, that of Ptolemy, the nature of the heav-
enly bodiesbeing explained according to Aristotle. The Coper-
nican theory was known; but it was accepted by only a few
people, and those mainly in Protestant countries. We do not
know at what date Galileo first embraced the Copernican the-
ory. Butwritingto Kepler in 1597 he speaks of himself as hav-
ing "adopted the opinion of Copernicus many years ago/' He
adds that he has never dared to say as much in print. However,
in 1609, Galileo came to hear of the telescope, which had been
recently perfected in Holland, and was, perhaps, already be-
ing used for astronomical purposes in England. He thought
the principle of the instrument out for himself anew, and
made with his own hands a series of telescopes of gradually
increasing power.

Galileo's telescope worked like a modern opera glass. Kep-
ler soon afterwards designed an improved type which has be-
come established. It consists essentially of two convex lenses;
one of these forms an image, just as the optical lantern throws
a picture on the screen; the other lens is used to examine this
image just as amagnifying glass is used to examine any small
object. In such a telescope, objects appear upside down; but
allowance can be made for this in examining a heavenly body.

When, early in 1610, Galileo pointed his telescope to the
heavens, it revealed several facts which helped to overthrow
the older ideas about the Universe, and to show the Copernican
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theory in amorefavorablellght For example it had always
been mamtalned that tieslirsensilbodisyeeropeidectisph iy
free from blemishes or |rregular|t|$0f any klnd But Gahlﬁ
had: ‘only- tolook ‘at the Moon through his glassto ssethat, |t5“’
- aurface was more rugged than any landscape the Earth cang
show, with lofty mountains and gaping valleys Again, Galileo
was one of saveral obsarverswho, at thisperiod, discovered the';
exigence of sunspats—dark patches that come and go on the
brilliant disc of the Sun. Here, then, were two examples of -
"imperfection” and evidences of change on the supposedly;
perfect and unchangeable heavenly bodies Galileo's oppo-.
nents indeed, argued that the M oon was a perfect phere after .
all, theapparent irregijlaritiesof itssurface being filled up and :
smoathed off by some glassy material invisbletoud
Once again, Galileo directed his tdescope to the brilliant
planet Venus, which, unlike a star, showed up as a body of -
apprediable sze. He noticed, however, that the planet did ftot
generally appear asaround disc, but asa moon-shaped figure,
whose shape altered much as the Moon's form does in the.
oourse of the month. Properly undersood, Galileo's cbsrva -
tions of Venus implied two things. Firs, they proved that .
Venus revolved round the Sun (as in the Copernican and -
Tychonic sygems) and not round the Earth (asin the Ptol-
emaic system). Secondly, they proved that Venusdid not shine:
by itsown light likethe Sun, asall the planets had been thought
to do, but was a dark body like the Earth (or the Moon),,
recgvingitslight from "the Sun. Now if Venuswas a body like,
the Earth, that meant that the Earth was a bady like Venui:”
And if Venus revalved round the Sun, why should not the'-
Earth do 0too? .
Perhaps the mod interesting of all the disooveries which
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Galileo made with his tdesoope was that of the Moons of
Jupiter . Thesewer efour littlebodiesrevolving abnhighe
¢planet Jupiter much as the M oon revolves about the Earth.
?(ThEII’ number has bean increased by ans—:quent dlsooverles
horn four to eleven.) Apart altogether from the interestof
‘thethingin itsdf, therevelation of thisminiaturesolar sygem
helped forward the Copernican theory. For it showed that the
‘Earth wasnot theonly center of motion. Bodiesrevolved about
Jupiter, and if about Jupiter, why not about the un? More-
over, it showed that a moving body such as Jupiter could have
other bodies revolving about it. And this met the objection of
those people who maintained that the M oon could not revolve
.about the moving Earth without dropping behind it in its
motion. Thusthetestimony of the teescope strongly supported
thetruth of the Copernican theory. And thenceforward Galileo
came out more and more srongly in support of it.
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41. The Challenge

Galileo's brilliant discoveries led to his being recalled from
Padua to his native Tuscany. But this proved a bad move as it
put him at the mercy of the Church, whereasin the Venetian
Republic hewould have enjoyed protection. And within a few
yearshewasin serioustrouble. His all-round attacks upon the
scientific ideas of the time had made him many enemies among
the churchmen who taught these ideas in the universities.
Thesemen turned the tableson Galileo by having him charged
with heresy, that is with holding and teaching opinions con-
trary tothedoctrinesof the Church.

From about the time when Copernicus died, it had become
increasingly dangerous to put forward ideas with which the
Church disagreed. At first this applied only to religious ideas;
the victimswere men such as Giordano Bruno. But in thelife-
time of Galileo an increasing intolerance was being shown to
disturbing scientific ideas aswell; and he was the first impor-
tant victim of thisnew policy.

By that timeit wasbeginning to dawn on thoughtful people
that the Copernican theory was going to have far-reaching
effects upon man's whole outlook on life. It was not so much
that man was degraded through being dethroned from his
place of honor at the center of the Universe. For, after all, in-
the Middle Ages, the central position in the Universe was
occupied by the Devil and his angels, dwelling in the heart of
theEarth. MovingtheEarth away from the center towardsthe
stars was in some snse bringing it nearer to God, and thus
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exalting man's place in the scheme of things. But a sphere has
only one center; and placing the Earth there had seemed to
emphasize the uniqueness of man. When the Earth became
merely one of the planets, this sense of uniqueness was |ost,
and people soon began to ask why there should not be inhabit-
ants, human or otherwise, living on the other planets.

A still graver step was taken when it began to be maintained
that the Universe was not just a sphere of limited size, but
extended to an infinite distance in all directions. Copernicus
had never taught that. But, as we saw (Chap. X X XV 1), he
had destroyed the great argument against the infinity of the
Universe which was that the heavens turned round completely
once in a day. In the universe of Thomas Digges, the solar
system still occupied acentral position. But Bruno had argued,
quiterightly, that in an infinite universe there could be no cen-
tral position at all, not even for the Sun. There could be no
all-embracing spherewhere God could be thought to dwel | and
thence to govern the world. And there could be nothing to
distinguish this Earth, once the scene of the Incarnation of the
Son of God, from myriads of other globes, perhapswith sinful
inhabitants of their own.

Nowadays we have recovered from the shock of the teach-
ings of Copernicus and of hisyet more revolutionary disciples.
We have become quite accustomed to living in a universe to
whose extent no limits can be assigned. And we no longer base
our convictions as to the worth and destiny of man upon the
circumstances of the material world which is his home during
hisfew mortal years. But in the seventeenth century the Church
felt these implications a threat to its essential doctrines, and
therefore resolved to challenge the Copernican theory in the
person of its most doughty champion.
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About ten years before the death of Copernicus, a group of
Paris students, headed by a Spaniard, had bound themsdves
by avow to go to Jerusalem and convert the Moslems. An
outbreak of war prevented their departure; so they offered
their services to the Pope, Paul 111. He formed them into a
religious Order, the Society of Jesus later to be known as the
Jesuits. The order was organized on- military lines of strict
obedience to superiors and willingness to go anywhere. It was
a powerful instrument for the defense and spreading of the
Catholic faith. Its schools long remained the best in Europe;
and Galileo had been educated in one of them. Another Church
activity dating from the days of Pope Paul | I | was the Roman
Inquisition. It was a sort of spiritual policeworking to detect
and suppress any teachings which differed from those the
Church held to be true. Both these organizations were part of
the reaction of the Catholic Church to the threat from the
Protestant Reformation. And both played their part in shaping
the destiny of Galileo and the fortunes of the Copernican
theory.
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42. The Champion

All his life Galileo was a devout Catholic. It distressed him
to find that the opinions to which he was irresistibly led as a
scientist were condemned by the Church of which he consd- .
ered himself a loyal son. Accordingly, he was forced to think
out for himself the relations between stience and scripture.
His position was one in which Christians have been placed
from time to time. For example, in the middle of the nine-
teenth century, difficulties were felt in reconciling Darwin's
theory of evolution with the Biblical account of the creation of
living things. It seemed then as if man were to be deprived of
his unique central position in the world of life, just asin the
sixteenth century man's home, the Earth, had been deprived
of its unique, central position in the Universe.

Oneway of getting over the difficulty isto say that the Bible
is not a textbook of astronomy (or of biology), intended to
teach us things that we can discover for oursdves. It reveals
spiritual truths which we could not have found out for our-
selves. But it expressess these truths in ways natural to the
people to whom, and through whom, they were originally re-
vealed. That was roughly Galileo's position. It did not upset
him to find that the Bible pictured the world in ways natural
totheearly Hebrews.

Soon after Galileo had explained his views on this matter,
his enemies seized upon a little book he had written on sun-
spots. They extracted from it a statement of the principles of
the Copernican theory, ar_ld they submitted them to acommittee
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of the Inquisition for an opinion. This committee reported
that, to make the Sun the fixed center of the world was absurd
and heretical; while to say that the Earth was not the cen-
ter and was in motion was absurd and, if not heresy, at least
awrong belief. Thisreport did not, initself, make the Coperni-
can theory aheresy, for it was never proclaimed so by the Pope.
Butit provided groundsonwhich Galileo, in 1616, waswarned
not to defend the theory. At the same time Copernicus's Revo-
lutions was placed on the Index—the list of books that Cath-
olics were not allowed to read without special permission—
until it was "corrected.” The corrections would have had the
effect of reducing the theory to a mere device for calculating
tables, as Osiander long since had claimed it to be.

However, some years later, when the storm had died down,
Galileo wrote a great book which was really meant to be a
defense of the Copernican theory. In order to keep to the letter
of thecommand laid upon himin 1616, Galileo threw his book
into the form of a debate between the supporters of the Ptol-
emaic and of the Copernican theories respectively.

The book is entitled Dialogue concerning the Two Chief
Systems of the World; and it relates how three friends meet on
four successve days to discuss the two rival theories of the
Universe, ignoring that of Tycho Brahe. They range over all
the arguments on both sides. One of the characters acts as the
spokesman of Galileo himself. He puts forward the fresh evi-
dence based upon the telescopic discoveries. The book iswrit-
tenwith great literary skill; and itisin Italian, so that other
people besides scholars could read it.

On the first day the three friends debate whether heavy
bodies fall in order to reach the fixed center of the Universe

or (as Galileo supposed) in order to reach the center of the
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moving Earth. On the second day they discussthe Earth's daily
turning on its axis. The point is made that the Earth could
hardly remain at rest if everything outside were being carried
round in avas daily whirl, whereas, on the Copernican view,
the Earth is so small in comparison with the rest of the Uni-
versethat it could easily rotate without affecting anything out-
sdeitself. On thethird day they argue for and against theview
that the Earth revolves round the Sun, just asthelittle moons
revolveround Jupiter; and for the last day Galileo providesan
explanation of the tides which later proved to be mistaken.

Although the weight of evidence goes in favor of Coperni-
cus, Galileo did not dare to press the debate to a decision. He
thus managed to get the book past the Censor. But immediately
it was published, in 1632, Galileo was attacked by the Jesuits
on the ground that he had been commanded, in 1616, not to
teach the Copernican theory, and that he had concealed this
fact from the Censor. Thus, it was argued, he had obtained
permission to publish his book on false pretenses. The Pope
set up a Commission which considered the book in secret and
produced arecord of the command not to teach. Galileo could
remember only being told not to hold or dgend the theory;
and he had done neither of these in his book. Whether his
memory was at fault, or whether the record was a mistake, or
a forgery, may never be cleared up. On the strength of the
Commission's report, Galileo, now an invalid of close on sev-
enty, was summoned to Rome to face the Inquisition in the
winter of 1633. He was kept in close confinement until the
summer, being questioned from time to time, but apparently
not physically ill treated asthingswent in those days. However,
he was allowed none of the facilities for legal sdf-defense
normally granted to any criminal by the courts of a civilized
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state. Hewas tried in his absence, and brought up for sentence
on June 22, 1633. But by that time his age and ill health, the -
depression born of confinement, the prolonged mental bullying
to which he had been subjected, and the confusion of ideas
between the spiritual authority of the Church and the testi-
mony of experience—all these had done their work and had
reduced Galileo to the condition in which he was prepared, on
his knees, to renounce the Copernican theory. The sentence of
the Inquisition upon him was one of perpetual imprisonment;
but this was relaxed in time to a kind of "house arres*' in
which he was able to continue his scientific work, in some
measure, until his death.

Galileo is remembered today, however, not because he went
down at the last before the forces of darkness, but because he
fought so long and so successfully against them. There is even
a legend that, as he rose to his feet after his forced submisson
tothe Inquisition, and hisdenial of the Earth's motion, Galileo
muttered something to the effect that the Earth does move all
the samel Whatever the truth of the story, the words have
become a sort of proverb implying that "the truth is great and
shall prevail," despite all foolish attempts to suppress it in the
interests of this or that school of thought. So it was with the
truth of the Copernican theory. By his reformation of mechan-
ics’ by his telescopic discoveries, and by his battle againgt the
ignorance of the learned men of his day, Galileo had brought
the Copernican theory nearer toitsfinal triumph than he could
have dreamed in the moment of his downfall. For the year
1642, which saw the death of Galileo in captivity, saw also the
birth of Isaac Newton.
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For ages men wondered what it was that kept the heavenly
bodiesmoving in the sky. Atfirstthey pictured them asliving
beings, flyinglike birds, or sailing in boats on acelestial river.
But when the early Greeks started giving matter-of-fact ex-
planations of nature, one of the suggestions they made was that
thewholeworldwas something like avast whirlpool. We can
understand what was in their minds by watching water run-
ning out of abath, or a"dust devil" asit rushes along the street
catching up and whirling round pieces of straw or waste paper.
There are famouswhirlpoolsin the Mediterranean; and it was
natural to think of the stars and planets as carried round and
round just like ships caught in these. The Earth was like the
mass of driftwood and weed which always tends to collect in
the center of such a maelstrom.

The later Greeks and the men of the Middle Ages aban-
doned such matter-of-fact explanations in favor of something
more mystical. They thought the stars and planets werefixed to
revolving spheres. And they believed that these spheres were
kept continually turning by a desire after the perfection of
God, in somewhat the same way as love rouses the lover to
activity in pursuit of the beloved object.

When the age of modern science began, some 300 years ago,
there was a movement back to the old view that the planetary
system was a sort of machine. This was supposed to work ac-
cording to laws of mechanics which, though still only imper-
fectly grasped, were regarded as holding good everywhere
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throughout the Universe. And one form which this movement
took was a revival of the idea that the heavenly bodies were
carried round in a whirlpool of matter, or a vortex, to give it
its scientific name.

This step was taken by a Frenchman, Rene Descartes, who
was among the great leaders of thought in thefirst half of the
seventeenth century, and one of the inventors of what today
we call analytic geometry. Born in 1596, and educated at a
Jesuit school, Descartes spent his youth in travel and soldier-
ing. Then he settled in Holland for twenty yearsto lead alife
of study. His fame as a scholar reached Queen Christina of
Sweden; and she invited him to Stockholm to be her tutor.
Hewent; but thewintry climate, and the Queen's habit of tak-
ing lessons at unearthly hoursin the morning, were too much
for Descartess constitution, and he died a few months after
his arrival (1650).

Descartes thought that the Universe was a vast collection of
whirlpools of matter, or vortices. Each of them occupied a
definite region in space, and was surrounded by others. What
gives this theory its important place in our gory is that Des
cartes early adopted the Copernican theory. He supposed that
the Sun occupied the center of one such vortex, and that the
Earth and theplanetswerecarried round it in the mighty swirl.
Each sar was itself a sun and the center of avortex with itsown
train of planets. Descartes supposed, moreover, that the Sun
and the other garsexerted a pressureoutwardson the matter in
the gpace around them. He thought that this pressure, falling
on our eyes gaveusthefeeling of seeinglight. But he also sup-
posed that a star could become more or less coated with dark
matter. The appearance of spots on the Sun was an example
of this process. If a star became completely covered up, it
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ceased to exert pressure, and.the vortex of which it was the
center collapsed under the pressure of the neighboring ones.
The dead gtar was then caught up in some other vortex, where
it became a planet. Or ese it wandered from sysem to sysem
as a comet. Our Earth, Descartes believed, was just such a
clogged-up dar.

Descartes wrote a little book explaining these ideas. He was
just going to have it published when he heard about the con-
demnation of Galileo. He was a Catholic and unwilling to
bring out anything of which the Church might disapprove. So
he locked up the little book in his desk, and it was not pub-
lished until fourteen years after his death. But meanwhile he
had found a way of expressing his views which was less likely
to offend the Church authorities. He declared that a body
moved only if it changed its position in relation to the sur-
rounding matter. But, he argued, the Earth did not change its
position in relation to the material of the vortex which sur-
rounded it and carried it along. Therefor e his theory could not
be condemned asinvolving the motion of the Earth; and there-
fore it could be lawfully published, as, indeed, it was in 1644.
A later writer humorously asked whether a maggot firmly em-
bedded in a cheese could be said to move when the cheese was
sent by ship from Amsterdam to Batavia. Descartes presuma-
bly would have ruled that it did not move.

The account of the world given by Descartes became very
fashionable, especially in France, and to some extent in Eng-
land and elsewhere. And the fact that Descartes made the Sun
the center of his planetary sysem gave a great boos to the
spread of the Copernican theory in these countries.

191



_ 44. Universal Gravitation

When Kepler tried to explain by mechanics how a planet
moves in its orbit, he thought there must be some force
constantly pushing the planet along from behind (Chap.
XXXVIIl). Later, in the light of Galileo's discoveries, it
seemed more likely that the force was one pulling the planet
intowardsthe Sun (Chap. X X X I X') . Thiscluewas followed
up by Isaac Newton, probably the greatest man of science of
all time; and it led him to an explanation of the planetary
motions that has satisfied men's minds down to our own day.

This planetary theory of Newton's was based upon the Co-
pernican arrangement of the Universe with the Sun in the
center. But it was part of a bigger theory, accounting for much
more than the motions of the planets. And because this wider
theory was so successful, it very soon came to be accepted by
everyone; and the Copernican theory was accepted along with
it. Thus, with Newton, wereach the end of acritical erain the
development of human thought about the Universe. A few
words about his achievements in this field may fitly close the
story of the rebirth of astronomy that we have tried to retell
in these pages.

Newton was born, the son of a farmer, in the sleepy Lin-
colnshire hamlet of Woolsthorpe. Many stories have been
preserved (or invented) to illustrate his early taste for reading
and mechanical invention, and the distaste for farming which
decided his elders to make a scholar of him. The year 1665,
in which he graduated at Cambridge, came to be called the .
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"Plague Year" after the deadly epidemic which then swept
through London and far out into the country. For fear of an
outbreak, the University was closed and the students sent
home. A mong the evacuees was Isaac Newton, anewly fledged
B.A. of 22. Marooned in Lincolnshire for months on end, he
turned his thoughts to the old question, now once more stir-
ring in men's minds, What keeps the planets in their orbits?

One autumn day, in the orchard at Woolsthorpe, the fall of
an apple from a tree brought vividly before Newton's mind
the mystery of gravity. The story istold by somewho knew him
well in later years. And a log, claimed to have been cut from
the very apple tree, is preserved in a glass case by the Royal
Astronomical Society of London! Whatever may be the truth
of this story, we have it on Newton's own authority that, about
this time, he began to wonder how far the force of gravity
extends above the Earth. It is felt on the highest mountain
peaks. Can it possibly extend as far as the Moon ? And can the
force which pulls the Moon out of its straight course be the
same as that which makes the apple fall from the tree ? Doubt-
less the force of gravity gets weaker the farther we go from the
Earth. How weak has it become by the time we reach the
Moon?

For the answers to these questions, Newton turned to Kep-
ler's Laws of planetary motion (Chap. XX XV I11). He was
the first to understand their inner meaning; and they gave
him the information he needed. He found the law according
to which the force of gravity falls off with increasing distance
from the Earth. And he calculated that the pull of gravity on
the Moon was just equal to the force necessary to keep the
Moon in its orbit. In fact gravity was the force; nothing else
was needed.

193



SUN, STAND THOU STILL

Newton was next able to show that a force of the same kind,
exerted by the Sun upon the planets, would aifi&ce to keep these
bodies, too, in their orbits. The elliptic path of a planet had
been, for Kepler, merely an unexplained peculiarity of its
motion. But Newton showed that it followed of necessty from
the particular law of gravity concerned.

Hedid not think all thisout in theorchard. He had returned
to Cambridge to win fame through his historic achievements
in mor e than one branch of science. But he kept working at the
planetary problem by fitsand starts during about twenty years.
Sometimes hewould be held up by a difficulty, and would turn
aside to these other researches. Pressed by his friends, he would
take up theold problem again, only to lay it by in disgust when
other men claimed the credit for his discoveries. Yet Newton
himself would do nothing to make these discoveries known
until hisfriend Halley, finding out about them almost by acci-
dent, made him undertake to publish his work, and kept him
to his promise. After about eighteen months of concentrated
mental effort, Newton produced his Mathematical Principles
of Natural Philosophy—probably the greatest scientific book
ever written. It is the foundation of all our modern textbooks
of mechanics. And in it the Copernican sysdem of the planets
sands revealed as a vast machine working under mechanical
laws here understood and explained for thefirst time. In this
scheme of things, too, the mysterious wanderings of the com-
ets were shown to be subject to the same laws of motion as
the planets.

Newton, however, located the fixed mechanical center of
the solar sysem, not at the middle of the Sun, but at what we

may somewhat loosdly call the "center of gravity" (or, mQ're
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correctly, the "center of mass") of the whole collection of
bodies making up the system. However, because the Sun is so
much more massive than all the planets put together, this
mechanical center is, in fact, not far from the middle of the
Sun. Even this center was not to be regarded as fixed for long.
Newton's friend, Halley, discovered that the stars do not
remain quite fixed in their places in the sky. They must there-
fore be moving about freely in space in relation to one another,
as Bruno had surmised. Thus, with the lapse of centuries, the
familiar constellations must gradually dissolve into other
forms. From this it was but a step to the assertion that our
system is moving through space in relation to the stars. The
Sun and planets all keep together like a squadron of airplanes
in flight. The truth of this assertion was first verified by Wil -
liam Herschel about the end of the eighteenth century. Thus
the position of the Sun could no longer be regarded as either
fixed or central.

W ith the passage of the years, Newton had come to regard
the pull of the Earth on the falling apple, or on the falling
Moon, as just the most familiar example of a type of force
which all the heavenly bodies exert upon one another. But he
went further; he thought that these forces between the heav-
enly bodies must arise from a universal property of matter, by
which every particle in the Universe attracts every other par-
ticle. Thestrength of this attraction, or gravitation, dependsin
a perfectly definite way upon the masses of the two particles
and upon the distance between them. Starting out from this
principle of universal gravitation, Newton was able to give a
mechanical explanation of a vast range of facts to do with the
behavior of the heavenly bodies. And later generations of
astronomers have carried this process much further, so that
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many facts of which Newton was unaware now find a place in
a vast system of mechanical astronomy.

That was the way in which the Copernican theory tri-
umphed—not through any ingenious argument, nor, in the
first place, through any new discovery confirming the motion
of the Earth, but because it formed an integral part of New-
ton's all-embracing and all-conquering theory of the physical
world. Newton's success broke down all opposition, not only
" in England, but also in America, where the Newtonian philos-
ophy began to be regularly taught at Y ale University from the
beginning of the eighteenth century. However, as time went
on, observations were made and ingenious tests devised which
have helped to establish, in the light of the Newtonian system
of mechanics, the motion of the Earth in relation to the other
bodies of the Universe. These confirmations fall into two
classes according as it was the daily rotation or the annual
revolution of the Earth that was in question.

One of the earliest arguments for the daily rotation was
based upon the seventeenth century discovery that a pendulum
of given length beat rather more slowly as it was taken nearer
to the Earth's equator, which implied a falling off in the force
of gravity. This could be explained by supposing the weight of
bodies near the equator to be partly balanced by the tendency
tofly off into space due to their being whirled round at a rate of
about a thousand miles an hour by the daily turning of the
Earth. For the same reason the sea, and even in some measure
the Earth itself, could be expected to bulge out at the eguator
and to be flattened at the poles. When, during the eighteenth
century, extensive surveys proved that the Earth is indeed
distorted in this way, it was naturally regarded as evidence for
itsrotation.

196



UNIVERSAL GRAVITATION

In the eighteenth century, also, it was pointed out that, if
weimagine oursdlves traveling northward from the equator of
the rotating Earth, we come to places whose eastward speed
isless and less. For these places have ever smaller circles to
traverse in order to complete their journey round the Earth's
axis once in twenty-four hours. Hence a long-range projectile,
fired northward and possessing the eastward speed of its place
of projection would gain on the eastward motion of the places
it came to, and would therefore appear to be suffering an east-
ward deflection. On this principle, the Earth's daily motion
wasinvoked to explain why the winds blowing northward into
the temperate zone are, in fact, deflected eastward to become
southwest winds, and why (applying the same principle the
other way round) the southward blowing winds of the tropics
are deflected westward to become the " northeast trades" The
same principle underlies the laws governing the directions in
which the air flows round the cycdones and anti-cyclones of
the weather-maps.

If our long-rangeprojectilewerefired alternately northward
and southward and its deviations were allowed to accumulate,
the path it traced out would gradually swing round. The bob
of avibrating pendulum israther like a bullet fired backwards
and forwards. And in the middle of the last century, a French
scientist, Léon Foucault, made a pendulum of a leaden ball
and a longwireand s it swinging from the dome of the Pan-
théon in Paris. He showed that the plane swept out by thewire
did in fact gradually swing round about thevertical, relatively
to the surrounding objects, in a way that could be regarded as
adirect consequence of the daily rotation of the Earth. Another
of Foucault's devices was the gyroscope; it worked on a prin-
ciple which underlies the gyrocompass now increasingly taking
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the place of the magnetic compass in navigation. It consisted
essentially of a massive flywheel mounted so as to turn freely
about its center of gravity. When the wheel was set in rapid
rotation, its axis maintained a fixed direction in space, thus
betraying the Earth's rotation.

So far as concerns the annual revolution of the Earth about
the Sun, the outstanding confirmation has been the detection,
since 1838, of an annual apparent shift, or parallax, in certain
stars. The earliest authentic claim was published in that year
by the German astronomer F. W. Bessel, who had observed
that the star 61 Cygni appeared to describe a minute ellipse
(only afraction of a second of arc in breadth) about its mean
position in the course of ayear. Thisobservation, as explained
in Chapter XXX 11, provided a long-sought proof of the
Earth's yearly revolution round the Sun.

Aristotle had distinguished sharply between the four earthly
elements, moving naturally in straight lines, and the heavenly
element, or aether, going round and round forever in circles
(Chap. | X)) . Newton's system of nature knew nothing of this
distinction. His rejection of a mechanical difference between
Earth and Heaven was matched, in the nineteenth century, by
the abandonment of the corresponding chemical distinction. It
is now known that the heavenly bodies are made of much the
same kinds of matter as those with which we are familiar on
the Earth. Thustherevolution in thought begun by Copernicus
has grown through the centuries into the conviction that the
material Universe is a single whole, no part of which enjoys
any special privilege. The same system of |law everywhere pre-
vails, binding together all events in a network of causes and
effects. ~
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The Copernican theory has gone on growing and developing
through the years like a living thing. The early disciples of
Copernicus, while helping to establish the " Sun-centered" uni-
verse, each altered the original Copernican scheme in one way
or another. Thus the solar system which they begueathed to
modern astronomy bore only a remote resemblance to the
primitive system of the Revolutions.

Copernicus and the men of histimethought of the Universe
as a closed sphere of space containing all created things. The
dispute was about whether the Sun or the Earth was to be
placed at the center of this sphere. Copernicus put the Sun in
that privileged position, and made the planets revolve round
him in combinations of excentrics and epicycles. However,
withinageneration of the death of Copernicus, men had begun
to ask whether space might not stretch indefinitely in all direc- -
tions without any center at all. The next generation saw the
end of the excentrics and epicycles, and of the perfectly circu-
lar motion of the heavenly bodies. And within about a century
of Copernicus, an entirely new set of laws of motion had been
proposed applicable to earthly and heavenly bodies alike. The
distinction between the earthly and the heavenly was fast dis-
appearing. Our system of Sun and planets had at first been
supposed to be the only one of its kind. But soon the stars were
conceived to be suns, each perhaps with its train of planets,
and moving freely in space, with our Sun itself such amoving
star.
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All this amounted to casting away the old faxed landmarks
to which earlier astronomers had been wont to refer the
coursss of the heavenly bodies. And the old dispute over the
rest or motion of the Earth or Sun could no longer be expressed
in such smple terms. Accordingly, during the past century,
several attempts were made to prove that the Earth is moving,
and to measure its gpeed in relation to ace itself, by means
of ingenious optical experiments.

The problem is rather like that of a passenger in a railway
carriagewho wantsto find out whether, and how fag, histrain
is moving. On an English railway, little Sgnpods are st up
every quarter of amile. Thus, with theaid of awatch, it is easy
to find the speed of the train by noting how long it takes to
travel from one of these podts to the next one. But if the pas
senger could not see anything out of the carriage window, he
would not be able to say how fast the train was moving. Or
if what he saw when he looked out was only another moving
train on the adjoining track, then he would be aware only of
the difference of the gpeads of the two trains—the motion of
one train relative to the other.

The stientist on the Earth is in much the same position as
this passenger. His attempts to measure the Earth's speed rela-
tive to space itself have all failed. It seems to be one of the
laws of nature that they always must fail; that the scientist is
looking for something that does not exist. It ssemsthere are no
fixed landmarks in space, only heavenly bodies floating about,
likethemoving train on the adjoining track. Hence we cannot
say how fast, or in what direction, the Earth ismoving through
pace, not because we are not clever enough to find out, but
because the statement would have no meaning. All that we can
sy isthat the Earth and the other heavenly bodies are moving
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relatively to one ancther like the two trains. If we are to sy
that any one of them is"fixed," it is merely a matter of choice
and convenience on our part in solving some particular prob-
lem.

So we come back at the end to what we said at the beginning
in Chapter |, that Copernicus made a choice and not a discovery
when he decided to think of the planets as revolving about a
central Sun. If we realize that, it will help us to answer the
guestion we have placed at the head of this Chapter, Is the
Copernican theory true?

We have first to understand what is meant by the " truth*'
of ascientific theory. In science we employ theword "truth" in
arather special sense, differing fromitsusein everyday life. In
judging the truth of atheory we apply two main tests. On the
one hand we expect a theory to be able to take hold of a mass
of facts which seem isolated and meaningless and to bind them
together into an intelligible system so that we can see the con-
nections between them. On the other hand we expect a theory
to be able to suggest lines of enquiry along which further in-
vestigations can be fruitfully made. These may lead to fresh
discoveries resulting, perhaps, in the overthrow of the old
theory and the setting up of a new one able to account for the
new discoveries aswell as for the facts previously known. For
no theory in science is regarded as the final truth, only as a
step, or as a useful tool, towards the attainment of a further
measure of truth. These are the tests we have to apply to the
Copernican theory.

It was by choosing the Sun as his fixed point of reference
that Copernicus was able to account quite simply for certain
puzzling facts known in his day, such as the peculiar apparent
motions of the planets. By adopting the same géneral point of
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view, later astronomers have been able to explain amultitude
of other facts of which Copernicusin his time knew nothing.
Again, the "Sun-centered" conception of our sysem has made
possible new discoveries such asKepler's Laws, and the prin-
ciples of mechanics, which, inthe hands of Galileo and New-
ton, have accounted for the motion, not only of the planets,
but aso of al | the bodieswe sse moving about us on the Earth.
It is on such grounds that, looking back over four hundred
years, we assart the scientific truth of the Copernican theory
and vindicate the historic choice of its creator.
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Books For Further Reading

For the benefit of serious students of Copernicus it may be
stated at the outset that the standard books on his life and
scientific work are, in German, L. Pro we: Nicolaus Copperni-
cus (2 vols.), Berlin, 1883-84; E. Zinner: Entstehung undAus-
breitung der Coppernicanischen Lehre, Erlangen, 1943; and, in
Polish, L. A. Birkenmajer: Mikolaj Kopernik, Cracow, 1900,
and Stromata Copernicana, Cracow, 1924. A short French sum-
mary of the former of these Polish works will be found in
Bulletin International de |I'Academie des Sciences de Cracovi€;
Classe des Sciences Math, et Nat., March, 1902, 200 ff. Coper-
nicus's great Latin treatise of 1543, De Revolutionibus Orbium
Codestium Libri VI should be consulted in Curtze's edition
(Thorn, 1873). There is a complete German translation of it
by C. L. Menzzer (Thorn, 1879).

English versions of important chapters of Copernicus's book
will befoundinH. Shapley andH. E. Howarth: A Source Book
in Astronomy, New York, 1929. Annotated English transla-
tions of his Commentariolus (referred to in the present book
asthe"Little Commentary") and of Rheticus's Narratio Prima
(the "First Account") are included in Edward Rosen's Three
Copernican Treatises, New Y ork, 1939.

An attempt to explain to students the contents of Coperni-
cuss book, with some account of his career and of the previous
development of astronomy, will be found in A. Armitage:
Copernicus, the Founder of Modern Astronomy, London,
1938. For the general reader, a short, well-illustrated account
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of the astronomer's life and achievements will be found in
Nicholas Copernicus, translated from the Polish of J. Rud-
nicki, London, 1943. Hermann Kesten has painted an impres-
sive, if somewhat flamboyant, picture of the life and times of
the great astronomer in his imaginative book Copernicus and
~his World, New Y ork and London, 1945.

Books which may help the lay reader to build up the general
historical and scientific background of the devel opments traced
in these pages include the following: H. A. L. Fisher: A His
tory of Europe (in onevolume), London, 1936, Books | and
I'1; C.C.J. Webb: A History of Philosophy (Home University
Library), 1915; Charles Singer: A Short History of Science
Oxford, 1941; A. Wolf, F. Dannemann and A. Armitage:
A History of Science, Technology and Philosophy in the Six-
teenth and Seventeenth Centuries, London, 1935; Ivor B. Hart:
Makers of Science, London, 1923; and A. Berry: A Short His
tory of Astronomy, London, 1898. The following volumes in
the Pelican series will also be found suggestive and interesting
reading: A. D. Ritchie: Civilization, Science and Religion,
1945, and B. Farrington: Greek Science, Its Meaning for Us,
1944. A good beginner's book on the actual science of astron-
omy is R. L. Waterfield: The Revolving Heavens, London,
1942.

Fundamental books for serious students of ancient and me-
dieval astronomy are P. Duhem: Le Systeme du Monde (5
vols.), Paris, 1913-17; Sir T. L. Heath: Aristarchus of Samos,
the ancient Copernicus, Oxford, 1913; and, for the whole pe-
riod covered in these pages, J. L. E. Dreyer: History of the
Planetary Systems from Thales to Kepler, Cambridge, 1906.

For the developments traced in Part HI of the present work,
reference may be made to Dorothy Stimson's little book, The
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Gradual Acceptance of the Copernican Theory of the Universe,
New York, 1917. The lives of individual astronomers and
thinkers who played notable partsin this period may be studied
in W. Boulting: Giordano Bruno, London and New Y ork,
1916; J. L. E. Dreyer: Tycho Brake, Edinburgh, 1890; W. W.
Bryant: Kepler, London, 1920; F. Sherwood Taylor: Galileo
and the Freedom of Thought, London, 1938; S. Brodetsky:
Sr Isaac Newton, London, 1929. These will present no diffi-
culty to the general reader. More advanced students may be
recommended to consult E. A. Burtt: The Metaphysical Foun-
dations of Modern Physical Science, London, 1925; and, for
special aspects, E. Wohlwill: Galilei und sein Kampf far die
CopemicanischeLehre, Hamburg, 1909-26; and F. R. Johnson:
Astronomical Thought in Renaissance England, Baltimore,
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