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PART ONE

Astronomy Before Copernieus

1. Introduction

The great river Vistula, as 1t winds its way towards the

Ratiic, fiows throngh the town of Torun, now in Poland,
hut shown on the older maps uader us German mame
of ‘Thorn. fn that Wwwn was bora, In the year 1473, the
man whose bfe and werk form the mam subject of this
tonk—Capesniscus the astropomer Torun, in his day,
stood on the boundary that divided the Poles from the
Trussians, Thus Copermicus was born at 2 meeving-
place of two peoples with whose snternaren fortunes
bir own destiny was to be closely liaked He was barn,
moreover, at one of the wmmgpamis of histary, the
gieat watesshed that dinades the medieval from the
madern penad, And here 100 he belonged 1o both worlds,
e older world that was then passing away, and our
own age that he helped to bring into bowg
For Copernicos mu«. be reckoned as one of the
faunders of modern science, Tt was he who reveafed tous.
an jts bread outlines, the plan upon which the Universe
s comttucted, or auTeast that part of the Universe which
5 of most immedhate wmerest to us, Copernicus taught
» o fact, how our Eanh s velated to the Sun, the
Meon and (he other hesaenly bodies which are onr
* pearewt neighbons i space, and the most conspituouy
3 objects in the shy He dud this an the courve of an a¢.
tenipt 4o acrount {or the mpienous movements of the
« heavenly bodity, winch had awatened men's awe anc
i
'
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Astrouomy Defore Copernicns

1. Introduction

The prest tiver Vistula, a8 it winds us way towards the
Batte, Eaws throuzh the town af Tarun. now in Poland,
bt shown on the older maps under wis GLIDIN Mine
of Trorn. In that town way bom, an the vear 147s. the
man whase Ufe and wask form the qun sybjece of this
book-~Copernicus the aswotiomer. Torun, in hir day
stond on the boundars that divided the Poles from the
Bwwinee They Soparmeay aes S a2 mosrtpe
plice of two peopley with whose msernoen forttpes
his own. destiny was to be closely inked. He was bom,
moreover, at ane of the turning:pounts of history, the
graat wasernshed thar divides che medienal from che
frodern period. And here too be belonged ta both worgds,
ke glder world that was then passing awy, and our
@wa 33= that be helped to bring into bewng.

For Copernicus must be rrckoned as one of e
foundery of modern science. Tt was be who revealed tg s,
in it3 bread outtines, the plan vpon which the Universe
5 construsted, av 24 leass that past of the Universe which
B of moee unmediate isterest 10 w. Coperrucus Wyght
s, in fact, how our Eanth is related o the Sun, ghe
Moo and the other beavenly bodwes which are our
nearest E:eigbbou in space, and the most LONSPityoy
'm‘tg;f“ in the ’k7~rH= l:‘d this in the coune of 3 ::_

t 10 gccount for the miystenious movemen;
beavenly bodies, which had awakened men's :‘w:l a‘:fl






PART ONE

Astronomy Before Copernicus

1. Introduction

Tha great river Vintula, as 1t winds 1t oy tonards the
Bammws through the own of Torun, now int Poland,
hur shown on the older maps nnder s German name
of “Thorn. In that town was borm, n the year 1458, (hg
man whose hife and work form the main subject of this
book—Copermcus the astronomer Torun, in his day,
stood on the boundary that divided the Poles from the
Prussans, ‘Thus Coperntcus was born ag a meeting
plice of two peopies with whose nterworen foriunes
his own destiny w3s to be closely inked. ¥ was born,
mortover, at one af the tumingpoinis of histary, the
grest watenshtd thar dovides the medisa! from ahe
modern perjod. And here 100 he belonged to both worlds.
the older world chat was then passing away, and our
ot 2ge that he helped to bring wio bang

For Copernicus must be reckoned as one of the
Taunderss of modern science. It was he who revealed to us,
in f1e brezd owtling, the plan upon which the Uniserse
is comtruceed, or at least that part of the Universe which
i of most immediate interest to us. Copernicus taught
ut, n lact, how qur Eazth is xefated to the Sun, the
Moon and the other heavenly bodies which are our
nearest neighbors in space, and the most conspicuaus
obfects in the sky He did this n the caurse of an at
tempt (o account for the mystensous movements of the
heavenly bodies, which had awakened men’s awe and
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curiosity all down the ages. The solution of this prob-
lem was, in fact, his lifework.

In the days when Copernicus lived, everybody believed
that the Earth was fixed at the center of the Universt,
and that the heavenly bodies, including the Sun, all
went round the Earth 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, 1n a year, but each ina
period of its own. He further asserted that the Earth
tumed completely round on itself once in a day.

We are all convinced today that the solution put for
ward by Copernicus was on the right lines, But his
views were not accepted immediately he put them for:
ward, For other thinkers, long before his time, had
tackled the same problem. In fact, we must emphasir¢
1ight from the start that the great contribution made by
Copernicus to the rise of modern thought was of the
nature of a choice rather than of a discovery of some
thing new. One or two of the earlier thinkers had, in-
deed, proposed the same solution as he proposed. But
the great majority of them took the common-sense view
that the Earth js fixed at the center of the Universe just
because that is how things appear to us. And so, as we
have said, that was the belief that prevailed in the days
of Copernicus. Around that belief there had been built
up a great system of scientific and religious thought |
which was generally accepted throughout Christendom.

We cannot hope to understand the life and achieve-
ments of Copernicus unless we take account of thae
system of thought. For on the one hand it was the tradi.
tion in which he was bronght up and from which he
started out, and whose prejudices he never entirely out-
grew, He was indebted to it for his knowledge of the
facts wlich he was going to interpret in a new way, for
his methods of wank, wvd for e ieals winth he see
himsell to achicve. On the mvh‘cr h:m(}, Copernicus wag
also a rebel against the lrat{x(:onal view of (hc. world,
whose supporters long continued to fight against L0y



THE WDIAN ADVENTURE

]
jdeas. Tn Tact §t way nat until about 3 exnury and 3 il
2fiar the death of Copernicus in 153 that the Eanth-
‘emered Unserse of the ancients yiekded place to the
rival Sun-centered Universe which he had conetistd. .

Hence this book fafls manurally into three parts, We
hase fint to explain how the special prohleww that tan-
cer s here arose in bt wider sening of the humman epic,
- and how they were trezted down to the tme wiitn
- Coparmicus 1ackled them. This wil occupy Lhaptess 3
10 1%, Vext, in Chapiers 53 o 33 we shall u}l the
story of the Life of Copernicus, so faz a1 the particulan
Bast come dawn fo us. We shalt abo pue a genenal ac
ount of the basic ideas seL forth 1n s hutore book,
Lastly, fn Chiaptess y4 10 45, we thiall follaw the principa)
nges in the establishment of the Copernican system of
the world down to the ape of Newton, noting, 1 ¢on.
thustan, its wider nynificance for our own day

2. The Human Adventure

Man has been Ining en the Earth for upwards of a
uarter of 2 mullion years Duning almost the whole of
23 time, hiy file was one comtinual strugple 1o keep

Limself alne and 10 rear tus young Hunan develops

ment hat not evesywhere fotlowed the same unifarm

coune. Buy, gencrally speatung, soan began by (eeding
on the fruits and roots that grew around him, and that
tonld b had for the gathering Or he bunted wild heasts

for focd ta eat and for skans to cover his nakeduess, e

Ived 1 caves and traveted in small bands of hn kind

with 1o mare belongme» than he could exsily tarry.
Then rome tome abom ten thousand years aga, in

tertain parts of the world, man began to find out how
to secure the food he peeded without having to use upaft
his ume and suength 1 dong . He learned how to
graw plasts good 1a cat, and how 1o keep tame animaly
o provide him with Ireth meat and muk. Thus, mer
Lage aress of the Eanih's susface, he cxdungt‘d the
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curiosity all down the ages. The solution of this prob-
lem was, in fact, his lifework.

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 the Earth 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, m a year, but each in 2
period of its own He furcher asserted that the Earth
turned completely round on itself once in a day.

We are all convinced today that the solution put for-
ward by Copernicus was on the right Jines. But is
views were not accepted immediately he put them for-
ward. For ather thinkers, long before his time, had
tackled the same problem. In fact, we must emphasize
right from the start that the great contrtbution made by
Copernicus to the rise of modern thought was of the
nature of a choice rather than of a discovery of some-
thing new. One or two of the carlier thinkers had, in-
decd, proposed the same solution as he proposed. Tut
the great majority of them took the common-sense yiew
that the Earth is fixed at the center of the Universe just
because that is how things appear to us. And so, as we
have sajd, that was the belicf that presailed in the days
of Copernicus. Around that belief there had been built
up a great system of scienufic and religious though*
which was gencrally accepted throughout Christenidom

We cannot hope to understand the life and achieve
ments of Copersicus unless we take account of tha
system of thaught. For on the one hand it was the trad;
tion in which he was brought up and from which I
started out, and whose prejudices he never entrely our.
grew. He was indebted to it for his .Lnow!cdgc of the
facts which he was going to interpret in a new way, for
Lis methods of work, and for the ideals which he e
himself to achieve. On the other hand, Coperiricus g
also a rebel against the u::djxional view of the world,
whase supporters long continued to fight against hig



©IHE HOMAN ARVENTURE
Ife of the grasing grain-as beings like himwl, only
much mm%nfzﬁic felt that bis wellare depended
upon their goodwill. And he belinved thar it he pete
formed cerurin magic ¥ites, Whese beingy conld be per
susded or corepelled ta bles his crops and fincks and
other persond} tonceros, .

‘Thi beliel led 10 anoiher class of ruen being sct frec
from food producing for special duties. Bosides Ahe
aaltsmen and the merchants, there were the prioty
nhose ek it %as 10 manage the relations of the com.
unity with the unseen world, It was the priests, too,
who fit had the Jeisure to make up chabaorate staries
wuh which to satify men's cusiowey about the world
around them, “Man doth not Ine by bread only”, and
out of the crude magic of an earher day there grew up
inceasingly zefined forms ol natural rehgion. Thew
Swfied, 1 some measure, vhe spisual needs of man's

fatare, tmul, in the fullness of tune, they gave place to
somethung beuter.

()

Houerer, 5o far ay the schemes lor controliing events
by magic were concermed, men hase teatned rom bitter
&xperience that nature does not work in that way Thungy
o nat happen in the world as it 3t the bidding of
capricious sprites, but in an orderly mansner, as if in
defarence to fived taws aluch have 1o be abeyed, Night
folfous day, the seasony
stedtime to harvest, the events of human and animal hie
form 2 regular yowune The tiscovery of this eential
orderhness of nature marks the hegmung of what we
all soence Once men have reached the scenufic stage
of development, they realze that success in hving daes
2 depend upon coaxing of {oTOMg Natute © do what
we want It depends upon understanding nature’s lans,
and in making use of them 1o wrve human purposes.
That is the privaple andarlymg alt the great inventions

~steamsbaps, sawrplanes, tadio aod o forth-which toom
o large in the world today,

s in due succeswon from

Besides muustering 10 our comfort, Science alo seryes
to satsly certain needs of e human spirit,

N helps u
to understand the world and o feel at howe in i:?s\\';
¢ distressed by dusorder, and always try 10 arrange in
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wandering existence of the hunter for the more settled life
of the shepherd or farmer.

This'marked the beginning of man’s rise fram savagery
to the position he holds in the world today. For shepherds
and farmers can produce more food than they them-
selves need. There is thus a surplus of food; and this
can go to feed other people who, because they are not
obliged 1o 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 a merely animal level.

Foremost among these things, we must rechon 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 o use ma.
terials, 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,
to work in leather, bone and metal, and to practice
many other arts. Somc men devoted themselves 1o
particular trades, such as that of the blacksmith, so as
to acquire greater shill in this way. One community
would obtain anything it lacked from another com-
munity by peacelul exchange or by force. It became

. profitable to set men free from food-producing to engage
in trade and war.

Among the most effective tools of early man, we must
include writing instruments. Writing has enabled him
ta accumulate knowledge beyond what he could merely
remember and pass on to the coming generation by. word
of mouth. And writing 15 an aid to rechoning: without
it, mathematics, and the sciences based upon it, could
scarcely have come into bewng at all.

However, at some carly stage of his development, man
seems 1o have become conscrous of the mystery ol the
world around him. He began to have a sensc of h:nnlfng
presences, ealling him to account, but perhaps “(””"‘K
to help him in his struggle for life, Afan picture the
various forces of nature—storm and synshine and the
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ek mote pover it e pere
ir wil, And be beheved that | pe
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suaded or competied to bies his crops and flocks an
onal conceras. .

m“jre:n?;:ﬁd led to another class of men being set [r’:c
from food-producing lor special duties. Bevides the
oaftsmen and the merchants, there were the prints
whose 13% 1 Wwas vo monsge the telations ol the o
munity with the unseen world, It was the prisits, toa,
who first had the lesure to make up elaborate sories
with which to sansfy men’s curiosity 2bout dle“v.mm
around them. “Man doth ot Jise by bread only“; and
ot of the crude magwe ot an eaclier day there grew up
increasingly refined forms of natural religion. Thcs.e
satisfied, 1 some measure, the spirnual needs of man's
nature, und, i the fullness of time, they gave place to
something better

Howeser, so far as the schemes for controlling events
by magic were concerned, men have Iearned from bitter
experience that nature dogs not work in that way. Things
do not happen n the wotld a5 if at the hidding of
capricious sprites, but in an orderly mannes, 28 if in
deference 1o fixed fawy which have 10 be obeyed. Night
follows day, the seasons pase i due succewsion froms
seedtime 10 hanest, the events ot human and animal life
farm 2 regular rounne. The discovery of this enenizt
orderliness of nature marks the begmning of what we
oll saence Once men have veached the scientific stage
of devclopment, they sealuze that success in living daes
not depend wpon woaxing of lorcing mature to do what
we want It depends upon understanding nature’s Yaws,
and i making use of them to wne human purposes.
That 15 the prinuple underlying all the great inventions
—~steamshaps, airplanes, radia 30d so forth-wiueh loom
30 large 1o the world oday.

Besides minstering 10 our comfort, Science also serves
to sausty certam needs of the human spirit. It hielps us
1o vnderstand the world and 1o feed at home in it We
are dustressed by dusorder, and zluzy. Y to arange in
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wandering existence of the hunter for the more settled lite
of the shepherd or farmer.

This marked the beginning of man's rise fram savagery
to the position he holds in the world waday. For shepherds
and farmers can produce more food than they them-
selves need. There 1 thus a surplus of food and this
can go to feed other peaple who, because they are not
obliged to feed themselves, can spend thenr tme and
strength domng or making other things it 1s these “other
things” which have done so much to enuch man's hife,
and to rase i abose a werely annnal leseld

Foremost among these things, we mut redhon fools,
made at first of stone, later of metals extracted from
naturisl ores by firc fools enabled man o do many
thiags that he could not have done with hay bare hands.
At the same ume, he learned to employ medhanical ands
such a» the wheel and the lever He began w0 e ma-
tenals, making bruks and buddmg houses o lise .
making potiery and ghas vessels to hold hux tond and
dnnk He learned 1w sun thread and 1o wone doth,
to work n leather, bone and metal and 1o practice
many ather arts Some wmen dooted thomehey w
particular trades, such as it ob the Bladnh so
to acquire greater shatt m s woy One conumurgy
would obtasn austhmg st ladked from anothur com
munny by peaciul exchange o1 by tace 1t became
profitable to set men free trom loud produc e w engage
n trade and war

Among the most eflectese wob of carh s, «e atast
snclude wnung mstrumens Witting hay enaliled han
to acasmulate knowledge beyond shas he cauld merely
remember and pass on ihe conung genetation by word
of mouth., And woung 1 an 24 1o reckoming waithow
st, mathematies, and the sacncey bied vpon e vauld
scarcely have come o beng at all

Howeser, at same cardy stage of hrs deselopuent, man
seems to have become consuous of the masiery of the
world around hum He began 1o hase s setive ot haunting
presences, calling hum o account, but perhaps witling
to help hum i ha struggle Jor e Man paciured the
yarjous forces of nature-starm and sunshine and the
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eceired their pames fa eatly times after the heroes, mon-
rers or familiar objects they were whought to resemble,

1 we continued to watch the sy for somte time, we
hould discover that the Mars generally sise in the cast,
pass across the sky, and set in the west, exactly 3t ue see
\he Sun do ¢vary day If we observed very carefully, we
should duscoret that the stars behay ¢ as if they were fixed
1o the inner sutlace ot a huge sphere which it stowly turne
ing round with us at the cemter (Fig 1), The carth on

PI

Frs U Tus Svmeax or Tor SEY

“The apparent turtung of the sphere of
t ky about iis two o) ite
#okes P and B makes the atar 5 appear to the obrervee 0&?::«
above the konison st & and Yo st 31 B,

which ne are standing seems youghly hke 2

stretching out in 2l directions ang czu.mcg lh?ns‘p:::?co:'
the sky in a great arcle which we @l the horizon, Half
of the sphere is undex our feet and hudden from view b
\he Earth, and a star comes nto vitw when the xurniny
of the sphere brmgy 1z above the horiron, The sphere cgf
the sky makes xather more than one mmrﬂc:epmm in
one day, so (hat each star rises about four minutes ﬂ”
than it &id the day before, "Than explains why we :1: x:f):
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order the things with which we have to deal, whether they
are the affairs of a nation, the bools in a fibrary, or our
own ideas, Science satisfies us because it shows us that,
behind the ient and confused pag of nawure,
there is 2 permanent and orderly reality. And it was
in the sky that this order was first revealed to men on
a vast and spectacular scale.

3. The Face of the Sky

When men first began 10 take notice of the world around
them they must have been tremendously impressed by
what they saw in the shy. It 15 no wonder that they made
gads of the Sun and Moon, and worshipped the host of
heaven. But soan they began asking what were the rales
according to which the heavenly hodies move, and why
they behave as they do All down the ages men have tried
to find answers to these questions. In the {ollowing pages
we have to tell the story of ane man who gase the most |
satisfying answer of any down to hus tume. Has work served
as a foundatron upon which a great part of the modern
science of the heavenly badies has been Inult.

The lapse of ages makes but Jittle difference 1o the face
of the sky. It appears the same to us today as 12 did o our
forefathers. What they knew about the heavens, we can
easily rediscover for ourselves And it will help us o un-
derstand the matters with which we shalf be concerned in
the following pages sf, at the outset, ne get a clear wlea
of what astronomy s all about,

Let us imagine, then, that we are standing spon some
Inll or watchtower vewing the heasens on a cloudless
night. We sec the stars as paints of hight agast the durk
blue background of the sky. We notice that they diller
ane from anothier in brightness, and that they are ir-
regularly arranged so as to form star-grotps which are
called constellations, and which reappear in the sky nughe
after night. Perhaps we learned 1o recognize same of these
in childhood—the Ipper, Orion or the Pleiades. They
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3u obvious example; we have had other mvances of the
same sort of thing in the monthly wcuit of the Maou
and in the yearly arcuit of the Sun. We wlisuchanevent,
repeated ai regular intervals, x recursence; and the interr
val after which it happens again we «all its periad.

Easly astronomers were very interested in such recurs
sences, because they sérved, and still serve, to measure
the lapse of ume. In the beginning there was no such
thing 3¢ 3 calendar; and without 2 calendar it would be
imposaible 1o know exactly when ta sow the ¢rops upon
which the kife of the community depended. It would be
impasssble to keep historical records, or to eclebrate re-
lizsous festivals at the nght tume every year. So carly men
measured ume by the motion of the Moon, and her
change of appearance as she pused from new moon to
Tull and back to new ogain. That is, they reckoned the
tapse of time in months. Or ¢hey made the same sort of
use of the Sun, and reckoned nme, a3 we St do, in years.
The hunting tribes, who liked 10 choote moonlight nights
for thels expeditions, generally vsed a calendar based on
the month. But the peoples who Ihed by sgriculture
based thelr calendar on the year, the period of recus-

rence of the seasons upon which the growth of the crops
depends.

4. The First Astronomers

Ta discaves the beginnings out of which modern mtron-
umxy has g;m;n. we must Jook bach to the ancertt civil-
itons which sprang up beside the great fivess of Uy

Middle East—the Nile and the 5 -

Tigts-Euphrates. §n rain.
less Egypt the shies are cloudless almg .

st all 1he year
«tound, and the stars shine forths with great bnl\i;\)ncc.
Such condsuions naturally fasored the growth of astron-
omy

But it 15 especsally among the Babylonians, who 1
in the esuntry we now call Irag, dxzy; we sh:ﬂl‘ ﬁndlﬁ:
earliest traces of a true science of the heasenly bodies.
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always see the same stars at the same time of night
thronghout the year.

The stars provide us with a permanent background
against whlch. we can discover and measure the motions
of other bodies, For example, if we abserve the Mooz
night a[te{ night, we natice that she is near different
stars on different nights. In Iact, while she shares with -
the stars in their daily rising and setting, she also de-
scribes a complete circuit of the heavens against the back-
ground of stars, taking about a month to do it.

The stars £ill the sky in the daytime as well as at night;
but we cannot see them then because of the glare of the
Sun. 1f, however, we could see the Sun against the batd-
ground of stars, we should discover that he too, like the
I\!oo{x, _xmvels slowly round the heavens, completing his
circuit in one year. This causes him to Iag a ittle behind
the stars in the daily motion of nsing and setting. And
as we measure our day by the Sun and not by the stan.
this lagging of the Sun explains why the stars, as we
saw, appear 1o rise four minates earhier each day.

1 we kept up our watch on the sky night after night, we
should notice several objects that look like bright stass,
but are not. They differ from stars by traveling slowly
and rather irregularly round the sky from one constella.
tion to another, These bodies, like the Sun and Moon, or+
dinarily move slowly from west to cast, completing the
circuit of the sky eacltin its own period of revolution. It
sometimes they stop and travel a little way from cast 1o
west before resuming their castward journey. These are
the “wandering stars™ or planets. The ancients recognired
five of them; and they named them, as we still do, alter
their divinities: Mercury, Venus, Mars, Jupiter and
Saturn.

This was about as much as our pumiuve forefathers
were able to find out concerning the heasenly bodies,
And it roughly represents the extent of astronemical
- knowledge among savages in the world lod.ll\:

Let us take one more look at the discoseries we have
escribed. We notice that they are almost all con.
ith events that happen over and over again at
“The daily rising of the Sun is

just d
cerned wi h
regular intervals of time.
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vious example, we have had other instanres of the
:;‘m? sort of th'ngg in the monthly circuit of the Moou
and i the yearly circuit of the Sur, We call such an event,
repeated at ragular intervals, a recurrence; and \_he inter-
val alter which it happens again we call its period.
Tarly ssonomers wete very interested in such vecur-
rences, because they sérved, and still serve, to meawre
the lapse of time, In the beginning there wis no such
thing as a calendar; and without a calendar jt would Le
impossible to know exactly when to sow the crops upon
which th life of the community depended. It would be
impossible to Feep historical records, or to celebrate re-
Tigrous festivals at the right time every year. So early men
measured time by the motion of the Moon, and her
change of appearance as she passed {rom new moen to
[ulf and back to new again. That is, they reckoned the
fapse of time in months. OF they made the same sort of
use of che Sun, and rechoned ume, as we still do, in yesss.
The hunting tribes, who like to choose moondight nights
far theix evpeditions, generally used a ealendar based on
the month. But the peoples who lived by agriculture
based their calendar on the year, the period of recur-
rence ol the seasons wpon which the growth of the aops
depends.

4. The First Astronomers

Ta discover the beginnings out of which modern astron-

omy has grown, we must Jook back to the ancient civil-
1ations wiich s

o, prang up beside the greac rivers of the
Middle East—the Nile and the Tigris-Euphrates. In rain-
less Egypt the skies are clondless almost all the year
-gn\gad, m:‘d the stars shune forth with great bulliance.
o\:n y\ conditions naterally favared the growth of astron-
But 1t is espervally among the Babylonians, who [
, 3 , lived
in the country we now cal} Iraq, (hnyl we shll‘(ﬁ?\d“(;\e
earliest traces of A true science of the heavenly bodies
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Civilization flourished there as early as 3000 n.c. The in-
habitants lived in walled cities the ruins of which can
still be scen, They were in the habit of writing, or re-
cording their observations, by making marks on tablets
of solt 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 Ziggurats which were built near the temples of the
great cities. The priests were chicfly interested in observ-
ing the new moon, whose first appearance in the west
marked the beginning of another month. They also ol
Jowed 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” whose
chance appearances have struck terror to the hearts of
simple people all down the ages. They alsa 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 cast on the Moon.,

The priests did not make these observations out of idle
curiosity, nor, at first, through scientific interest. They
made them in the belief chat it was possible to foretell
the future by taking note of what went on in the heavenn.
An eclipse of the Sun, or the appearance of a comet,
might mean the near approach of war, famine or pesti-
lence, It was the duty of the priests to warn the Ling or
the citizens of what was in store. This behiel that earthiy
events arc foretold by signs in the hieavens later developed
into a kind of fortunc-telling called astrology. It was be-
lieved that the Beavenly Dodies exerted a great influence
upon the Jives and the fortunes of every human being It
was even thought that a person’s w}xolc career depended
upan the positions of the plancts in the sky at the mo-
ment of his birth. We now know that this s an empry
supcrstition, though some people still be}icw in_iL The
Babylonians had far more excusc for doing so For they
had no jdea which events in the world were related to
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ach other as cause and effect, They could only make
;uc;scs and trials in the hope of discovering the real cm;:
Rections between things, Mareovet, even thiey largely ‘“:
grew astralogy and became increasingly interested in the
true science of astronomy. Lec us ook at some of their dis-
coveries .

They made use of the Moon to measure thewr time,
which they reckoned mn months. They noticed that the
Sun, Moon and planets, as they slowly revolve round the
hearens, always heep within a narrow strip of sky extend-
ing like a beft night round the middie of the sphere of
the stars The Babylonsans diided up this planetary belt
into twelve equal parts, and they called each of the twelve
dwvisions after a neatby constellation Following them, ghg
Greeks called the belt the Zodiac, and the thehie divie
sions, the Signs of the Zodie

The Sun travels through the twelve signs in one year,
1f he moved at a perfectly steady rate he would traverse
each Sign 1n exactly the same ume But the Babylonians
found that the Sun, Moon and planets did not move
round the Zodiac at perfectly steady speeds. They drew
up tables showing how the speeds varied from one Sign
to another That was the beginning of the planetary
theories of which we shall learn more in later chapters.

The Babylomans tried to picture to themselves what
the whole Universe was like. They thought of the Earth
a5 a circular ssland rising towards the center into a huge
mountain, and surrounded by a ring of sea. Beyond the
sea was a circular range of mountains forming the boun.
dary of the world and suppartung the sky, which they
thought of as a Firmament, or hollow half-sphere of salid
maternal, There were doors in the sky to east and west
through which the heavenly bodies passed at thewr rising
and setiing, There was water under the Earth which Lept
the sprngs flowing, and “waters above the Firmament”
Sbum which we read 1n Genesisy which fell down as

mn

The only other people of thos
be dto \\\:p" 12" £ oacs early himes \:\)c:?:i;hr;
Egyptians. But their acluevements in astronomy were
much less important. They grouped the stars tato con-
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Civilization flourished there as early as g000 5.c. The in-
habitants lived in walled cities the ruins of which an
still be seen. They were in the habit of writing, or ye
cording their observations, by making marks on tablets
of soft clay, which were Iater dried or baked to form tiles.
Many of these tiles have survived in the mins of the old
cities. About a century ago, students found out how 1w
read them, and that is how we have come to know what
Babylonian astronomy was hike.

The observation of the hieavens wsed to be carvied on
by the priests. They scanned the sky from watchtowers
called Ziggurats which were butlt near the temples of the
great cities. The priests were chiclly waterested in abserve
ing the new moon, whose first appearance 1n the west
rnarked the beginning of another month. They also fol
lowed the movements of the planets, noung the times
when they passed near 1o each other or to bright stars,
They looked out for comets, the “lary stars™ svhase
chance appearances have struck terror to the hearts of
simple people all down the apges They also 1ook 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 cast on the Moon,

The priests did not make 1hese observations out of iille
curiosity, nor, at first, through saentific interest, They
made them 1 the belef that 1t was powble to {oretef!
the future by taking note of what went on in the heavens,
An eclipse of the Sun, or the appearance of a comey,
might mean the near approach of war, famme or pestic
lence. 1t was the duty of the priests 10 warn the king or
the citizens of what was wn store. This behef that earthly
events are foretakd by signs in the heavens later developed
into a kind of fortunetelfing called astrology. It was be-
liesed that the heavenly bodies exerted a great influence
upon the lises and the fortunes of every human being. Tt
was even thought that a person’s whale carcer depended .
upon the asitions of the planew in the sky at the mo-
ment of his birth, We now know that this §s an empty
superstition, though some people still hc}mc in it The
HBabylonians had far more exane for doing so For th
had no idea which events in the world were related 10



each other 35 cawse and effect. They could only make
guesses and trials i the hape of discovenng 1he real con-
Tections betneen things. Moreover, even they largely out-
grew astrology and became inreasingly interested in the
true science of astranomy. Let us Jook at some of their dis-
coveries .

“They made use of the Moon to measure their time,
which ey reckoned tn months, They nouced that the
Sun, Moon and plantw, s they slowly tevolve round the
Teavens, abways keep within a narrow stnp of sky extend:
wng tike 2 belt right round the middle of the sphese of
*he stars The Tabvlonans divided up this planetary belt
nta twelse equal patts, and diey catled eacdh of the twehve
Iivisions alter z nearby constellation Tollowing thetn, the
Greeks called the bels the Zodioe, and the tnehe divk
tions, the Signs of tie Zodac

‘The Sun travels through the twelve signs 1n one year.
1f he moved at a perfectly steady rate be would traverse
exch Sign in exactly the same time But the Babylonians
found that the Sun, Moon and planets did not mae
round the Zodiac at perfectly steady speeds They drew
up tables howing how the speeds varied from one Sign
10 another That was the beginning of the planetary
theones of which we shall learn more i tater chapiers.

The Babylonjans tried to pscture to themselves what
the whole Universe was hike They thonght of the Eanth
2 a arcular island rising towards the center into a huge
mountan, and surrounded by a ring of sea. Beyond the
se2 was a ciraular range of mountawns farming the boun-

dary of the wotld and supporting the sy, which they
thought of as a Firmamen, or holiow halfsphere of sohd
matesal. There were doors 1 the sky to east and west
thirough which the heavenly bodies passed at their nising
and setting There was water under the Farth which Lept
the springs Rowing, and “waters sbase the Firmament”
‘S:};oul which we read 1n Genens) which felt down as
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mportant. They grouped the stars
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stelfations and distinguished the planets, but their pic-
ture of the Universe was 2 very crude one. They thought
of the sky as a cow with feet yesting on the Earth, or 3
A woman supporting hersell on hands and feet. Or they
imagined i1 as a great sheet of water upon which the
heavenly bodies sailed in boats, The Sun was for them
a god sailing thus on the ocean of the shy, and descending
at night beneath the Earth to visit the abiode of the dead.

5. The Coming of the Greeks

About three thousand years ago there descendesd from the
heart of Europe a group of prinitive peoples who settled
in the country we now call Greece Some of them tool o
the sea and spread out eastward 1o settle on the istands
of the Aegean, or on the western coast of Asia Minor,
Others sailed westward along the Mediterranean to found
colomies in southern Ttaly and Sicily, These people called
themselves the Hellenes: we know them as th Grecls.

They settled down in small independent states, Jittle
more than oties, cut off from one another by barriers of
mountain or sea. Despite the ties of language and re-
ligion which bound them together, these “cuy-states” en-
gaged in almost incessant warfare with one another,
unti} about 350 n.c, when Greece was made part of the
military empire of Macedon. Thus empire, under Alexan.
der the Great, proceeded to conquer a large part of the
Middie East, and to spread Greek civibiration as far as
India.

The Greeks occupy an important place in our story.
The whole iden of a sciente of the stars, and, wdeed, alt
reasonable thought about life and the world pracucally
started with them, It was the Greels wha kst really
tackled the astronomical problem which Copernicus was
later to take up afresh and to carry a great stnde nearer
i ution,
m';‘())}cl{,}rcch were well fitted l?- nature, and well pl:fcd.
for the great patt they had to play i moulding our civel-
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{ration. In the first place they were a peaple whose minds
‘:::‘gm:umtd oulwaprds to the world in eager curiosity,
Their amaring shill in absenation is shawn in their {ﬂ“_’l“
ings and casvings of dhe forms of men and animals, Again,
the Greeks were extremely well m('omm\. about "ﬁm
other people had done. They fiourished in a brilliant
periodt of the world's hustory. They 100k over mnr.!x of the
cultute of the highly civilized people who had fived be-
fore them int Greece and the Aegean Perhaps it was from
these earkiet Taces that they acquared some of thelr artistic
sl On the other hand, the Greeks who had seted in
Asia Minor were 15 close touch with the civilizanons of
Babylonia and Egypt, and, later, of Pessia and, perhaps,
Inde, The work on astronomy of which we spoke in the
fast chapter influenced the Greeks, and was latterly in-
fivenced by them.

Upon what they had thus abserved for themselves of
Jearned from others, the Greeks brought their bold, self-
reliant minds to bear They thought themselves quite
apable of finding owt how the Universe worked. As
cittzens of free states, the Greels weve accustomed 1o gov-
ern themselves by holding public meetings. They used
to fisten with open minds to the arguments of araters
dpeaking for or agminw any proposal, and then they
would decide the matter by a vote They followed much
the same metliod w tynng to make up thewr minds what
they should believe about natute, indluding buman na-
ture, The Greeks were, in fact, the first people to use ar-
gument deliberately as an mstrument for discovenng
&md\..’ﬂ\ty would s1art an argument trom truths already
established They would carry 1t on accordag ta saund
mc':hods aof reasomng And they would follow 1t through
W i natural coralusiot, howener unexpected or even
unwefcome that concluston might be

The gc)rgmn of the Greeks never developed to the staye
where it had a serious alternative view of the world to
put forward which could confiict with the view 10 which
they were led by common sense They had no Bible or
l:r;:? or l;:ml«'el'!ul priesthood opposed to new ideas. Hence

¢ was almast no pessecut
With i the 1atse pages of this pago® 1ind we halt meet
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steflations and distinguished the planets, but their pic
ture of the Universe was a very crude one, They though
of the sky as a cow with feet resting on the Earth, or a
2 woman supporting herself on hands and feet, Or they
fmagined it as a great sheet of water upon which tht
heavenly bodies sailed in boats. The Sun was for thew
a god sailing thus on the scen of the sky, and descending
at night beneath the Earth to visit the abode of the dead.

5. The Coming of the Greeks

About three thousand years ago there descended from the
heart of Europe a group of prunitive peoples who seutled
in the country we now cal} Greece. Some of them took to
the sea and spread out eastward to settle on the islands
of the Aegean, or on the western coast of Asia Minor,
Others sailed westward along the Mediterranean to found
colomes in southern Yraly and Sicily. These people called
themselves the Hellenes; we know them as the Greeks.

‘They settled down m siall independent states, lrtle
mozre than aties, cut off from one another by barriers of
mountain or sea. Despite the ties of langusge and re-
figion which bound them together, these “city-states” en-
aged in almost incessamt warlare with one another,
unti] about 350 n.C., when Greece was made part of the
military empire of Macedon. This empure, under Alexan
der the Great, proceeded to conquer a Jarge part of the
Middle East, and 1o spread Greek avilization as far as
India,

The Greeks occupy an fmportant place 1n our story.
T'he whole idea of a science of the stars, and, mdeed, all
reasonable thought about life and the world practically
started with them. It was tbe Greeks who first really
ackled the astronomical problem which Capernicus was
later to take up afresh and w aTry 2 greay stride nearer
i fution.
m’ls“;xe Greeks were well fitted by nature, and well placed,
for the great pars they fiad to play in moulding our cvil-
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szation. In the first place they were 3 people whose min
l::lrlc(mwi:cd bul\\‘:ﬁ'ds 10 the _“ut\d in e:;crhn_mm}l::v
Their amazing skill sn observation is shown in their paint-
ings and cavvings of the forms of men and ammak. AgRin,
the Greeks were extremely well in!ormtq about ‘\‘\_hz\(
other people had done. They Bourished in & I{n ‘n;u
period o the world's hustory, ‘They wok over ‘““‘.{”d ‘b‘:
cubture of the hughly enilized peopie wha i\n}l tived be-
fore them 1 Greece and the Segean, Perhaps it was from
these earhier races that they acquired some of their artistic
skilL On the other hang, the Greeks who had settied in
Asta Minor were m £lose touch wih 1he tivitumioms of
Tabylonia and Eigvpt, and, Jater, of Persia and, pethaps,
India. The work on astronamy of which we spoke in the
Last chapter mfuenced the Greeks, and was latterly ine
fluenced by them

Upon what they had s obseyved for ihemsehves or
fearned {rom athers, the Greeks brought thew bold, sell
veliant munds 10 bear. They thought themsehes quite
copable of finding out how the Unnene worked. As
ditizens of free states, the Greehs were aecustomed 10 gov-
e themebves by holding public meetngs. They used
ta futen wuh open minds o the arguments of oravors
speaking for or agamst any proposal, and \hen they
would decide the matter by 2 vate. They lallowed much
the same method 1 trying to make up thewr munds what
they should bebieve abow mavate, intluding hutnan na-
ture The Greeks were, wn fact, the first peape to we a1
guwent delibesately a5 an nstrument for discoverng
tith. They nould start an argument from truths already
established. They would carry 1t on sccording to sound
m:(}mdx of rexanmg And they would follow it i oughy
to it nural conclusion, however uuexpected of eyen
unwelcome that canclusion might be

“The telipon of the Grerks never developed to the stage
whete 15 had ¢ serious sliematne view of the world to
put fornard which could confict with the view 10 which
‘;‘:z A‘::= 1::;:1;1\ mmmmme They fud no Bisle or

2812tk

there v«\‘smm\mm\ fo opposed ey wdeas. Hence

Tsention at
s T e Y pepemscation o he Xind we shall meet
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A good iHlusiration of this Greek method of disco\'cr)j
by argument 1s afforded by the geomewy of Euelid, who
tived about goo n¢ Fucld's book has been the basis o
all the teaching of elementany geometry for some two
thousand years, sa nearly evervone has some {aniliarity
with 5t. Euchad starts from simple and maostlv selfevident
axtoms, .and be builds a great swwiem of geawmetry by pure
Teasomng

The Gieeks found this method se succewsdnl m geome
try, that they med to apph 1t o orher subjects—what
we should now call chemntns, phvsic and astronomy.
But here thev were not so successful The difficnlty lay
w chooung the nght wruths from whuch 1o siary, as we
start from the axioms of geometrs It is vers haid to dis
cover these basic scienohe nuths It requises methods of
abservation and experiment which the Gieeks, for all
therr genivs, never mastered

6. The Beginning of Science

By the ume of the Grecks, mamy of the useful ans, ot
which we spoke m Chaprer @ hod reached 3 high level
of development And the aatimen who pricised these
arts had come to know o wicrt deal about the matenals
m which they warked In sl thos o dedee of the crafise
men theie was scenie of @ hind And o wis one of the
main soutces out vi whah the maodern wences ook ther
rise. The early cheminsis were 1o daw upan the expe-
riences of the pottrr the glav blower and the mesab
worker The Egipian cunevar measututg anew the
fields uncotered by the Nalg, nsed workang tules which
WEre some da} 10 become theorems an geametsy And out
of the priestly cult of the stars 4 divimaties cate die rec-
ognstron of thew orderly monons But the sore of knowl-
edge that we have come fo mean by the word «rence way
the ereation of the Greeks And 2t ss worth rving o un-
Qerstand what science 1 this specsal sense realhy s before
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we embarh, on the story of ane of the greatest scientific
ts in bistory. .
m"l‘”le:‘:cﬁ‘:ml xtjemi)gc achievement of the Greebs lay in
the sphere of geometry, That was becaute progross in
that subject does not depend upon carryinig out cwpctr;
ments, a procedure which the Greeks generally dutrusted,
1ad which they never properly understood. in gearnetry
they were able to start from properties of space which are
toa famifiar 1o need experiment; and then they argued
logically from point to point, a procedure in which they
excelled, The way in which the craftsman’sknowledge
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is transformed mnto seience 1, 1 fact, best sltustrated by
means of 2 simple example from Greek geometry with
which every reader will be familiar.

The Egyptian surveyors had a yule that the area of 2
triangle ARC is half that of a reciangle BCDE having the
same base BC and the same vereal height DG (Fig 2},
The result of working by this rule must have been sats-
facrory in each parvcular case where it was used; but the
Egypeidns could nod have proved that i must necessarily
be exacily true for any triangle. This, however, the Greeks
were able to do. For they had transformed, and vauly
, extended, the working rules of the Egyptian surveyors

into a sevies of proposions such as we find 1oday in any
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A goad illustration of this Greek method of discovery,
by asgument 1s afforded by the geometry of Euclid, wha.
lived about 300 B¢ Fuclid’s book has been the basis of
all the teaching of clementary geometry for some two,
thousand years, so nearly everyone has some fannliarity.
with 1t Luchd starts {rom sunple and mostily seil-eviden
avoms, and he bunlds a great syvem of geometry by puref,
reasomng

The Greeks found this method so successful in geome-
try, that they tried to apply st 10 other subjects—what
we should now call chemstry, physics and astrenomy
But here thev were not so successful The dufficuhy lay
s choosing the night truths from which to start, as we
starg from the asyoms of geometry It 1s very haed to dis-
cover these basic scentfic auths It requires methods of
obsersauon and experment which the Greeks, for alf
thetr genus, never mastered

6. The Beginning of Science

Bv the tume of the Greehs, many of the useful arts, of
which we spoke m Chapter 2 had reached a high level
of development And the craftsmen swho practsed these
arts had come 1o kaow a great deal abont the materials
in which they worked In al this knowledee of the crafts-
men there was science of @ hind  And 1t was one of the
main soutces out of which the madern waences took their
nise. The carlv chemusts wete to draw upon the expe-
niences of the pouer, the gliss blower and the metal
worker. The Egypuan surveyor measuring anew the
fields uncovered by the Nile, used working tules which
were some day 10 become theorems in geomeuy  And out
of the priestly cult of the stars as disiniues came the rec
agusgion of their orderly monons But the sort of knaw -
edge that we have come to mean by the word scrence was
the creation of the Greeks And 115 worth trying 10 un-
derstand what science in this speaial sense veally 1s before
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fwas not the same need to economize man-power that &
(;modcm manulacturer feels whq pays wages 10 his \«:orL-
speople And the thinker lelt it no business of ‘\ns 10
(highten the toil of the slave by insenting labor-saving de-
fvices. The ancient world cared less about human toit apd
tsufering than we can well imagine.
% This eallousness offends onr consciences today; but X~
4 perience has proved that yuth is bcslAdlsm\'crcd by make
3 ang ic an end 1n dtsel, and not worrying for the moment
sheut the good or had uses to which it will be put when
discorered. The Greeks did not study geometry just be-
cause they wanted to become surveyors, But ont of their
discareries in geometry and astronomy there have come
deselopruents, tven in surveying, beyond anything the

Egyptaans, or even the Greeks themselves, could have
dreamed,

There were, however, other crafts which did not yield
30 yradily 1o the sort of treatment that wansformed sut-
seying into geometry. These were the crafts roughly cor-
Tesponding to what 1s now the saence of chemistry, They
were laborious crafts, involving the use of fire, and car-
Tied an by grimy, unlettered 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 pad for neglecting
th:'ﬁd\ stores of knowledge about 1he stuff of the world
which these humble crattsmen had accumulated through
S0 many centuries

On the ather hand, the great rise of modern science in
the Jast three hundred years dates {rom the time when
men discovered that such knowledge must pravide the
raw matenal of scrence, The scienust hay continually to
go back to through the exp he per-
forms in his laboratory, in order to Leep bis thinking on
the night lines. And as the experience of the crafusman
served s the raw matenal of science, 5o today the scien.
tist Tepays the debe by putting hiy knowledge at the
service of the manufacturer, Purely scienufic knowledge
\;nzﬁ as 1ihe (ou:dauon of a whole range of modeen ine

ustries, Irom the generatio;

. manutactuse of sk ockings, * IECUE Powes to.the
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schoolbook on geometry. And one of these propositions
proves to us that any two triangles on the same base BC
and between the same parallel lines, BG, EA, are equal in
area. Hence, in our figure, the triangle ABG is equal to
the triangle DBC, whch, in turn, is one half of the rec-
tangle BCDE.

This example may also serve to illustrate one impor-
1ant feature of science—its generality. By this we mean
that it is concerned with properties, or rules, which cover
as wide 2 range of particular cases as possible, just as our
rule was shown to hold good for all triangles. The scien-
tist tries to discover systems of facts, and to fit these into
other, wider systems. Qur triangle falls into a system of
triangles covered by the theorem, and the theorem occu-
pies a place in a whole series of propositions forming a
system of geometry.

Besides its generality and its system, there is one other
feature that we notice about science, something that we
express by saying that science is disinterested. By this we
mean that the scientist is led to make his discoveries
solely by his keen desire to know the truth about the
world. He does not carry on research merely for the pur-
pose of inventing useful “gadgets,” or in the hope of
making money out of them, though both these conse-
quences may follow. .

The career of Copernicus affords a striking example
of this sort of thing. We shall sce that, not only were his
scientific achievements not valued by the people of his
own time, but he suffered in reputation (and some of
his followers suffered even more severely) for holding
the opinions that he did. The motive power behind his
thirty years of labor was simply the desire to understand
the way the Universe worked,

This quality of disinterestedness in science is also some-
thing we inherit from the Greeks Knowledge about ma-
ture in their day was simply the craftsman’s knowledge,

which was a collection of “dodges” for making and doing
things. But the Greek thinkers who creased science mostly
belonged to a social class who were not interested in
““dodges” for doing things. They were free men with
many slaves to make and do whatever they wanted, There



THE BECINNING OF SQIENCE - T

i - thata
a3 ot the same need 1o economize MR poner
u:dcm manufacturer Seels \\'hq pays WaRes to h{! l‘]'\fﬂi"
wople, And tht thinker fele B no hutines o ! “d:
sghten the twil of the slave by imenting laborsaving 5
izes. ‘The ancient world cared fess about human toil an
ufering than we can well imague.

’Ih;sgtznuumus offends out consciences woday; b)\“ t‘;-
perience has proved that truthis best discorered by make
ing 3t an end in itself, and not worrying for the mament
about the good or bad uses 10 which it will be put when
discovered. The Greeks did not study grometry just bc<
cause they wanted (o become sutveyars, But out of their
discoreries in geometry and astronomy there have come
devtlopments, even 1 snvenng, beyond anything the
Egyptians, ot even the Greeks themsehres, could have
dreamed.

There were, however, other crafts which did nat yietd
0 readify 10 the sort of wtatment that transformed sus-
veying into geomewry. These were the crafts roughly cor-
respariding (o what is now the science of chemistry, They
nere labarous crafts, involving the use of fire, 2and car-
vied on by grimy, unfenered workess, from whom the
Greek thinkers wete almost complerely cut off by their
social position. Hence the chenucat cheory of the Greeks
w25 3 fiaseo, that was the price they paid for neglecting
d"t.ﬂd\ stores of knowledge about the stuff of the world
which these humble traftsmen had accumulared through
30 many centures.

0 the ather hiang, the great rise of modem science in
the last three hundred years dates from the time when
men duscovered that such knawledge must provide the
v matenal of sience The scienyist has cominually 10
£0 back 10 expenence through the experiments he per-
forms in his Iaboratory, in onder to keep his thinking on
the ight lines. And as the experience of the aafsman
le_r\cd as the raw materal of scienct, o today the selen-
tist vepays the debt by putung his Tnowledge 3t the
service of the manufacturer. Purely sciennfic knowledge
:{u\‘::s_ as \(he (ou;‘\damm of 3 whole range of modern in
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iferences in the proportions and arrangetments of the
:;)\:tngi:\d: of :mmginp?he different substances. And if
e tuen from chemistry to other sclences, such as me-
chanics and physics, we find that the account they give
of things also Yargely depends on counting and measuting
snd drawing diagrams, and upan other, more dificuly,

TOCESSes, - N
This whole idea that counting and measuring give us
the due 1o the understanding of nature goes bark 10 2
Greck talled Pythegoras who Hved in the sixth century
£.c. The influence of his ideas played a great part in the
story we have to el i
Pythagaras scerns to have been born on the l_s\and of
Samos in the Aegean. He 15 said to have spent his eardier
jears traseling and studying 1n Egyprand the East, When
he recurned from his wanderings, he seued at Crotona
in southern Italy. There be gathered round him a Jot of
young men who formed a sore of religious brotherhiood
g lhe 3 Y H

e P! ded 1o teach them
by ward of mouth 1nstead of writing a book. Tt suiied his

fancy to keep his knowledge as the secret of his own
brotherhood, and not 1o Jet 1t leak through to the vulgar
herd outnde There was 3 story about 2 talkative Pythag.
orean who let gut some secret wnformation and who
perished 1n a shapwreck as a judgment)

Pythagoras is said to have made simple expermments
on the sound produced by plucking a stretched string—
ont of the very few reported insiances of physical experi-
ments among the anaents He found how the pitch of the
nate given out depended on the length of sinng which
was aliowed to vibrate This discovery convinced Pythag-
oras that simple arithmencal rules of this Lind are the
really important things w the Unuerse. He even thanght
that numbers were ¥ sort of ultimate stuff out of which
everything was made. He was alto perhaps the first 10 set
out geometrical propostuons in a logica order as we find
them in a geometry book today.

The views of Pythagoras colored his attitude to astran-
omy, and exerted a great influence in after years, He was
almeost cestainly the first man to teach that the Earth is a
sphere floating 1n space. Bue his reasons {or beheving this
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i in the jons and g of the
:?xm Yinds of atoms in the different substances. And if
we wm from chemistry 1o odier sciences, such a3 me
chanics and physics, we find that the account they give
of things alto largely depends on counting apd mcas\lt:r;g
and drawing diagraims, and upon other, more diffieuly,

“This whole idea that counting and measuring give us
the clue to the understanding of nature goes back to a
Greek calted Pythagaras who Jhed in the sixth century
=5 The ifluence of his wdess played 2 great part tn
“story we have 1o tell .

Pythagoras seems to have been bomn on the x'sl:md o
Samos in the Aegean He is smd to have spent his earlier
years traveling and studying in Egypt and the Fast, When
he returned from his wanderings, he settled at Cratona
in sowthern Italy There he gathered round him a lot of
young men wha formed a sost of religious brotherbood

LTTARTEY

Hep ded, to teach them
by word of mouth instead of writing, a book. Tt suited his

{ancy to keep biy hnowledge 2s the secret of his awn
brotherbood, and not 10 3e1 11 Yeak 1hzough to the valgar
herd oucside There was a story abomt a 1alkative Pythag-

orean wha let out some secret wformation and who
perished in a shipwrerk 2s 2 judgment!

Pythagoras is said to have made simple experiments
on the sound produced by pluclung a2 stretched string~
one of the very few reported instances of physical experi-
ments among the ancients, He found how the pitch of the
note gwen out depended on the length of string which
wis allowed 1o vibrate Thas discovery comnced Pythag:
oras that simple atithmeucal rules of this kind are the
eaily wnporant Bungs i the Unnerse e even thought
that numbers were a sort of ulumate stuft out of which

ererything was made e was also perhiaps the first to set
out geomettieal pro;

;éosmom i a Jogical order as we hnd
then in a geomerry book 1oday,

“The views of Pythagoras cofored hus antitude to astron-
omy. and exerted 1 great influence in afier years, He was
almost certanty the first man 1o teach that the Earth §s a
sphere flaating 1n space. But hys reasans lox believing hiy
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Frc 3 Tne Sox’s MoTioN ACCORDING TO PYTHAGORAS

cannot have been the ones we find in a modern geography
book. Probably he would have given as his main reason
the fact that the sphere is the most perfectly regular of
all solid figures.

Pythagoras, again, gave the simplest possible explana.
tion of the way m which the Sun appears to move (Chap
3). He thought it traveled right round the sky in a circle
ABCD (Fig. 3) at a uniform rate, completing i1s circuit
in one year. At the same time the whole shy 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 seting, and also for die way in which
the length of the day, and the points on the horizon
where the Sun nises and sews, vary according to the time
of year. Pytitagoras gave a precisely similar explanation
of the Moon's apparent mation. He also tried to repre-
sent the motions of the five planets in (ke same way; hut
the atempt broke down because the belavior of the
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planets is more comphicated 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 must be regarded a5 made up of a num-
ber of circular mottons all put together. We shall see how
this idea kept s hold on astronomy until about three
hundred years aga.

The movement started by Pythagoras was carried on
afier his death One of 1 later supporters called Philo-
taus (late fifth century sc) put forward the view that
the center of the Unwverse was occupied, not by the
Eartly, but by a huge Centeal Fite (Fig. 4). Avound rhis
Fire the Earth yevolved daily an a arcle. He supposed
that the Sun, Moon and planets all revolved, hike the
Farth, about the Fire. 50 did another mysterious hody,
the Counter-Eatth, which, at least in the imagsnation of
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Philolaus, revolved in an orbit between the Earth and
the Fire. The effect of zll this was to account, both for
the daily risings and settings of the heavenly bodies, and
also for the slow circulation of the Sun, Moon and plan-
ets against the background of stars.

We must not confuse the Central Fire with the Sun.
Later writers did; and they regarded Philolaus as having
invented the Copernican system some 2000 years before
Copernicus. He did not do that; but he may have been
the first man to think of the Earth as revolving round the
center of the Universe together with the other planets.

8. The Philosophers

The Greek thinkers were at first mainly concerned with
trying to understand the world around them. But Jater
they became increasingly interested in people, and in dis-
cussing how men ought t6 think and behave. The man
who did most to give this new turn to Greek thought was
Socrates, who lived in Athens in the fifth century 5.c. The
movement he started was carried further by his fellow
citizen and disciple Plato, N

What these men sought above all to gain was not 2
mere knowledge of particular facts, but a right judgment
as to what is true and good. The Greeks called this right
judgment sophia, ar “wisdom.” They thought only God
could be called wise. But men could be “lovers 9[ wis-
dom” or philo-sophers. And, following them, we give the
name of philosophy to the search after the most general
teuths concerning the world we live in, and after the
Lind of life we should lead.

The earlier thinkers, Pythagoras and_the rest, who
had tried to discover the permanent reality behind all
changes (Chap. 7) had been philosophers too. But from
Socrates onwards, philosophy branched aif from the mere
open-eyed study of nature to concern itsell with tl:.csc
more general problems ol truth and r.xghl living. With
(hiese developments we are not here directly concerned.
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ilosophy contimued, howeier, to exert an important
{’:\I;{:‘::ge zpon the growth of the sciences of mature, m(‘ll
of ssteanomy in particular. And this mfluence conunuc
1o be {eh throughout the whole periad we shall cover in
the following pages.

The influence of Plato tumself an the progress of as-
tronomy was not altogether favorable. We cn best un-
derstand the new tum he gave to the subject by going
back again for 2 moment 10 school geometry. This is all
about straight lines, tnangles, circles and so fonb. But
they must be perfectly siraight lines, pevfectly regular
circles, ete. The diagrams i the bool ot an the black-
board, however carefully drawn, are not the perfect fig:
ures, but only crude ymatations to help us to follow the
argument, This is all nght in geometry. But Plato and
Bus followers thought that the same prinicrple could be
applied in the natural sciences, such as astronomy. They
thought the heavenly bodies, and other objects ne see
around us, were not an themselves worth studying. They
merely seried, hike the diagrams i geometry, o svggest
1o us ideal problems which must be solved by the reason
and not through the senses. The result of this atthude
was to discourage experiment and observation in Europe
for neatly zooo years.

Othenwise, Plato merely carried on the astronomicat
idvas of Pythagoras, gnonmg the later developments
which made the Earth move round the Censral Fite. He
Pictured the Unuverse as a vast sphere hasing at its cen.
Ler e spherical Earth round which the Sun, Moon and
planets revolved 1n concentric circles The radis of thete
circles were qupposed ta stand 10 one another in 2 sunple
proporuon winch he could not measure, but merely
unigined,

Like Pythagoras, Plato represented the motion of each
of these seven bodies by a comhination of two circular
mouons in pearly apposite ditections (Fig 3) . He knew
that thes simple system brode down for the planets So
e set his pupils the probiem of representing the behavior
of the planets by means of seilt {urther wnfotm citcutar
smouions e the wheels withan wheels of Ezekie),
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Philolaus, revolved in an orbit between the Earth and
the Fire. The effect of all this was to account, both lor
the daily risings and settings of the heavenly bodics, and
also for the slow circulation of the Sun, Moon and plan
ets against the background of stars.

We must not confuse the Central Fire with the Sun
._Laler writers did; and they regarded Philolaus as having
invented the Copernican system some zooo years befort
Copernicus. He did not do that; but he may have been
the first man to think of the Earth as revolving round the
center of the Universe together with the other planets.

8. The Philosophers

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

What these men sought above all to gain was not a
mere knowledge of particular facts, but a right judgment
as to what is true and good. The Greeks called this right
judgment sophia, or “wisdom.” They thought only God
could be called wise. But men could be “lovers ol wis-
dom" or philo-sophers. And, following them, we give the
name of philosophy to the search after the most general
truths concerning the world we live in, and after the
kind of life we should lead.

. The ecarlier thinkers, Pythagoras and the rest, who
had tried to discover the permanent reality behind alt
changes {Chap. 5) had been philosophers too. But from
Socrates onwards, philosophy branchied off from the mere
open-eyed study of nature to concern itsell wath these
more general problems ol truth and right living. With
these developments we are not here directly concersred,
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dniding the Universe into two regions. Ir‘\i;:lc‘:;,‘ :r\. t:{r
thing was made of the four clements, earth, A
and fire. These were supposed ta bc constanily changing
one into another, 5o that we Iived in a realm n‘( change
and decay. But on the other side of th Moong sphere,
the heavenly bodies and 1he spheres which cartied d\fhm
round were supposed to be made of a fifth element ‘:
erther. (Do not confuse this with the ether whach the
chemist and doctor use today, ot with the medium upon
which sadio waves are supposed o \.n\'t\? Thus 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 15, motion. This dea of a sharp
distinction between the corrupuible region of the four ele-
ments and the ncorruptible heavens took a very frm
told on people’s minds. It was not completely abandoned
until abaut a hundred years ago, when it was found that
the £arth and the heavenly bodies are all made of the
sime sotts of matter. ,
Atistatle noticed that heavy bodies such as stones {ell
10 the ground, white Bames shot upward. He concludsd
that it was natural for the four clements to move in
straight % h and water towards the
center of the Universe, and awr and fire outward from the
tenler, He supposed that a body might also mave round
and round 1n a axcle, and that this would be a better
kind of motion than moving in a staght line. For it
tould go on forever, while 2 body moving tn a straight
me would have to stop when it came to the boundary
of the Universe ot 10 s natural resting-place. Hence he
thought that this better land of motion must belong to
the bewer Tund of element—the unchangeable aether.
“Thus he proved to his own satisfaction that the heavenly
bodies go round 1n arcles while the Earth stands still in
the muddle We fnd the argument ety unconvincing.
But {t was about 2000 years before it began to be upset
by sounder 1deas on how badies move,

: and in the mean-
time almost everybody believed that the Earth stands stil}
i the muddle of the Unnerse

To sunphiy matters we have spoken a3 if each planet
were carned vound by a stngle sphere. But to Tepresent




9. Aristotle

Plato had a pupil who became as great a philosopher 2
himself, though his ideas developed on different lines
from those of his master. This was Aristotle, who lived
from §84 to g22 m.c. His father was court physician in
Macedon (Chap. 5) and he himself was tutor to the boy
who grew up to be Alexander the Great. He studied un-
der Plato in Athens, and in due course settled there him-
self as a public teacher.

Aristotle’s teachings cover almost the whole field of
knowledge. He corrected the tendency we have noted in
Plato to treat the science of nature as if it were a Lind 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 observations 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
Iess 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. How-
ever, Aristotle’s mental picture of the Universe was wide-
ly accepted wherever it became known until right into
the seventeenth century. It formed the backbone of the
resistance 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 limited size. Everything that exists was somewhere in-
side this sphere; outside 1t there was nothing at all, not
even empty space. At the center of the Universe was the
Earth, a motionless sphere. Around the Earth, the Uni-
verse was built up in layers like a nest of boxes. The core
of the Universe was of earth, 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 ﬁ(c cx-
tending as far as the Moon. All the rest of the Universe
was taken up by the spheres which carried round the Sun,
Moon and planets. In the outermost sphere, the stars

rere fixed hike silver studs. .
“c’;'chclxsphcre which carried the Moon was Jike a wall
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diniding the Universe into two egions, Inside i, etery
thing was made of the four elements, easth, water, air
and fire. ‘These were supposed 10 be consantly changing
one into another, o that we lived mn a realm u.( change
and decay. But on the other side of the Moan's sphere,
Ahe heaventy bodies and the spheres which carcied them
round were supposed to be made of a fifth element-the
gether. {Do not confuse this with the ether which the
<hemist and doctor use today, or with the medium upon
which radio waves are supposed 1o 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. Thu idea of a sharp
dutincuon between the cotruptible region of the four ele-
ments and the wmcorrupuble heavens 1ok a very fime
hold on people’s minds. Tt was not comptetely ahandoned
until about a hundred years ago, when it was found that
the Farth and the heavenly bodies are all made of the
same sorts of matter
Atistotle noticed that heavy bodies such as stones fell
10 the ground, winle flames shot upward He concluded
that {t was natural for the four elements to move in
straight lines—earth and water downward towards the
center of the Unsverse, and air and fire outward from the
center, He supposed that a body might also move round
aud round tn a crcle, and that this wonld be a better
tind of motion than moving 1 a straight hine. For it
tguld g0 ou forever, while a body moving in a straight
line would have to stop when it came to the boundary
of the Umiverse or o its natural restung-place, Hence he
thought that this better hand of motion must belong to
the Letter Lind of element—~the unthangeable zether,
Tl\u} be proved to fus own satisfaction that the heavenly
ies go round 1 arcles while the Earth stands sttt in
the middle. We find the argument \ety unconvincing.
But 1t was about zo00 years before it began 10 be upset
by mu{\det wdeas \:;d how bodies move; and in the mean.
time almost eve believed +
in the muddte o(“(l\e &niv:rs:. that dhe Eanth stands st
To simphify matters we have spoken as if each lan
were arried round by a single sphere, But to tep!:ese::
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Plaio had a pupil who became as great a philosopher as
himself, though his deas developed on different lines
from thase of his master This was Anstotle, who lived
from 3§84 to g2 pc His father was court physician in
Macedon (Chap p) and he haumself was tutar to the boy
who grew up 10 be Alesander the Great He studied un-
der Plato in Athens, and 1n due course settled there him-
self as a public weacher,

Aristotle’s teachings corer ahmost the whole field of
knowledge. He corrected the tendency we have noted in
Plato to treat the science of nature as if 1t were a hind of
geometry The parts of his work which deal with what we
should call 7o0logy are of great value. They are based on
the actual abservationis of Arstotle and Ins {riends, and
show him to hase been one of the greatest narrahsts of
all une But in astronomy and physies, Anstotle was on
Tess sure ground He buased Ius conclusions on superficial
observations of how things appear to behave, or even
upon hss own wdeas of how they ought to behave. How-
ever, Arsstotle’s mental picine of the Umiverse was wide-
1y accepied wherever w became known unul right into
the seventeenth century It {ormed the backbone of the
resistance which the adeas of Copernicus encountered.
Hence we must try o gine some account of it

Anstotle prctured the Unnerse as a sphere of space
of limited size Exvervthung that exnts was samewhere in-
side thus sphere, outwide 1t there was nothmg at all, not
even empty space At the center of the Universe was the
Earth, 2 motionless sphere Around the Earth, the Uni-
verse was built up wn laven hike a nest of baxes The care
of the Universe was of carih, forming the dry land Over
this was a layer of water formung the ocean, then the
atmosphere of arr, and then an outer coating of fire ex-
tending as far a5 1the Moon All the rest of the Unnene
was taken up by the spheres which carned round the Sun,
Moon and planets, fn the outermost sphere, the stars
were fixed ke silver studs.

The sphere which crried the Moon was like & wall
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. $verse into two regions. Inside it, every-
' ?!l::gﬁ?ng‘:n:g?oﬁehe four elements, exrth, water, ait
and fire These were supposed to be constantly chauging
oue into anothier, so that we tived in 2 realm of change
and decay. But on the other side of the Moon's sphere,
the hearenly bodies and the spheres which carmed them
ound were supposed to be made of a fitth element-the
sether. (Do not confuse this with the ether which the
chiemist and doctor wse today, of with the medium upon
which radio waves are supposed 1o travel) This aether
was thought to be much superior tg qur four elements,
for it was supposed to he meapable of any change except
change of position, thar js, motion. This idea of & sharp
Uutinetion between the corruptible region of the four efe-
ruents and the incorruptible heavens took a very fam
hold on people’s minds 1t was not comnpletely abandoned
until about 3 hundred years ago, when 1 was found that
the Eanth and the heavenly bodies are all made of the
same sorts of mauter,

Aristotle noticed that heavy botdies such as stones {ell
10 the ground, while Rames shot upward. He concluded
that 1t was nawgal for the four elements to move in
straight hines~earth and water downward towards the
center of the Unaverse, and awr any fire outward from the
center, He supposed that a body might also move round
2nd sound 12 arcle, and that this would be 2 better
kmd of motion than moving in o straight hine. For it
could go on forever, while a body moving in a straight
hne wauld have 1o stop when 1 came 1o the boundary
of the Unnverse ar to us nawral resting-place, Henee he
thought that this beuer hind of motion must belong to
the better knd of element-the unchangeable aether.
Thus he praved to his own satusfaction that the heavenly
bodies go round 1 arcles while the Earth stands still in
the middle We find the argutnent \ery uncony
Hut 1 was sbaus 2000 years betore it began o be wpset
by sounder wdeas on how bodiey move, and 1n the mean-
tme almost eserybody beltesed that the Earth stands still
1 the middie of the Unnerse,

N LR

incing,

h,iy matters we have spoken a5 of exch planet
" round by 2 single sphere. But o represent
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M . 3 5 hat
though 5t was not until the early sixteenth century 4
M:g!:;ﬂ:m's ships saihdhmund the warld and proved that
old Pythagoras was tight.

TmnY\vasnl cunc%my of the Greeks extended besond
the Earth 1o the heavens, Plato tells a story of the afore-
3 Thales, how be fell into 2 well while sar garing, a‘nd
s afterwards teased by a saucy servant gitt for being
30 keen to knaw winat went on 1 the heavens that he
could not see what lay at hus very feet. 1t way the Grecks
who put the 1dea 1nto people’s heads that the sky 18 a
globe of rome glassy matesial in whach the stars ace fixed
ke silver studs, They learned that the Moon shines by
suntight, that 1t 18 echipsed when the Earth comes be-
tweent it and the Sun, and much else of interest.

However, the central problem upon which the Greek
astronomers came move and more to concentrate their at-
tention was that of accounting for the observed motions
of the “planets” {among whuch the Greeks included the
Sun and Moon as well as the five bodies that we call plane
1, see Chap 5}, Tt s with the story of efforss 1o solve
this problem that we shall be mainly conterned in the
following pages

Any attempred solution of the problem takes the {orm
of what is called a planetary theory Such a theoty can be
eprestaied by u diagram showing the path which 2 plan-
€L is supposed to follow in space, and specifying the rate
2t wheeh 1t moves along this pash I such a theory is
drawn up correcily, 1t will enable us to say where a planet
will be at a given time, that ss, 10 predict the Inture posi
tlans of the planet 1t 1 posnible vhen 1o draw up 3 table
of such futre posions, like a ralway timetable which
shows the times at which 2 traws will call a¢ the various
Stations.

_ Hawever, there 1s always this difficulty about eonstryer-
ing planetary thearies We can see a plantt moving
againg the background of the siars. But we cannot see
&t maving towards or away from us. Only the slight
changes i the brightness of the planets, or in the appar-
eat sue of the Moan, prove that these bodies do mmg in
depti and are not always a1 the same discances from s,
So these was always 2 301 of guesswork in the construc,
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s we have seen, was the theory of Pythagoras. T wus
aken orer by Fhato, improsed by his duseiples, and then
dopted by Aristotle {Chaps. 7).

But the later Greel, astronomeTs rejected this theory
because t made no allowances Jor the thanges in the
speeds of the heavenly bodies, or in their distances {sam
us They tried to alter the simple scheme of Fig. 5 in
order to tepresent these changes. But in doing 0 they
were testricted by the sule laid down by Asistotle Unat 2
heasenly body could only be thought of as describing

4

Fro 6. Trx Excevine

a tircle, and that at a uniform speed (Cha;
Greeks tried to get over the difﬁxlu/ i(n ms \glyss.o e
On the onc hand, they supposed the center € of the
planet’s mrcular path APB to be some little way from
the Earth E (Fig. 6). When the planet P in 1ts counse
teached A, 1t was nearer to the Eanth, 2nd it appeared to
an earthly observer to be moving faster, than when 1 wa
at B, This device, called an excentric, served very we l‘l
to gpr?m(d:hc :pp;x:‘r)u aotion of the Sun e

n the other hand, the Greels somem X

’f“_‘f E'—l!')‘ describe a small erele called ::,zz‘;gx:?::dbome
while C described a larger cirele a}l:d“:
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tion of the early planetary theories. And cven when they
enabled tolerably reliable tables to be drawn up, 1o one
could be sure whether the planets really followed the
paths in space that they were supposed to in theory.
However correct a railway timetable may be, it does not
tell us anything about the route followed by the train
between the stations, No more, for that matter, does it
tell us anything about the mechanism of the engine which
pulls the rain along, And during almost the whale of our
period, no one had the aintest idea why the planety morve
atall

Fie 5 Tne Snseisst Praseraey Turory

Broadly speaking, the develoy of Greel pl Y
thearies seems to have been as follows, The stmplest pos-
sible planetary theory is to suppose that the planet I
describes a cirele at a steady speed about the Earth E
considered as 2 mere point at the center of the circle (Fig.
§). This assumption fits the obscrved mation of the Sun
fairly well, the motion of the Moon not so well, and the
motions of the five planets not at alt well (We are speal.
ing herc about the motions of these bodigs against 1he
background of the stars; not about the daily motion of
rising and setting whiclt they all share with the stars, and
of which we do not take account for the moment.) This,
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as we hase seen, was the theory of Pythagoras, Tt was
taken over by Plato, improved by his disciples, and then
adopted by Axistorle {Chaps. 79}

But the later Greek astronomers rejected this theory
becsuse i made mo allowances for the changes in the
speeds of the hesvenly bodies, or in thele distances {tom
ws. They tried to alter the simple scheme ol Fig. § in
order to tepresent these changes But in doing o they
wese restricted by the rule fad down by Aristotle that a
heavenly body could only be thought of as describing

4

Fic ¢ Tos Excsmae

a civle, and that a¢ 3 wform spesd

Greeks ied 1o get over the d\ﬁxf\f\i\/ iﬁ:‘;‘\ﬁ.}f o e
On _\he one hand, they supposed the center G ;:I the

planet’s arcular path APD 10 be some httle way from

the Barth £ (Fiy 6) When the planet P in iisytours

seached A, 1t was nearer to the Earth, and it appeared o

:rlx ;:xu_;}ly oh;cr}cx o Et;dmm ing faster, than \n!?:n it ‘«":\:

s device, 2 a X

1o represent the apparent mxx:l:mrx‘:{ull;; !;\;:\ed verr welt
hOn the other l{znd, the Greeks sometimes i‘up sed thy

planet P to describe 3 smalf arcle called an epi }:‘? b H

& center O, while C desaribed o lamgee cmiz éadu:
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Copernicus did. He did not make use of it to catenlate
plaretary tables 1 other Greek astronomers 000 did
from theories which made the Fasth the fixed center of
{he Universe. And jn any case the idea of 2 moving Tarth
was very linle to the wste of peogle brought up o Arie
tolle's philosophy of wature. Se Tittte more way heard of
this "Sun-centered” planetary system until 18os years
“Later, when Copernicus began to establish it as the ac-
eepted theory of modern times.

In the meanume, an “Earth-centered” planctary de-
ory had been worked put in great dewal by the later

oy,

&

Fic 1 Tur Encvar axe Derisey
Greek tably by ¥
{second century B and Jl'u:l\emy‘ of Alexa\?fk&\h ?sdc:
ond century Ap) . It was made the basis of 1ables whicl
tould predict the positions of the planets to a degre
o} accuracy nat much less than that to which \hmtgz g
tions could be determined with the instruments o‘]x‘r‘s]c
time These instruments underwent lntle improvem:
uml afeer the death of Capernicus. Some idga of lhu}l
nature may be obtained from our account of hi -
tempts 1o male smilar ones (Chap. 23 be!ow)“slla;;
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Copernicus did. He did not make st of it 0 caleuiate
planerary ables as other Greek astronomers soon did
Trom theories which ‘made the Earth the Tixed center of
ke Unuerse. And in any case the idea of 2 MOVINE Earth
was very Hittle to the wste of peopie Brought up on Atis
1onle's philosophy of nature. So lutle mort was heard of
Whis “Supcentered” planetary Hstem untl 1800 years
later, when Copernicus began 10 establish it a3 the a¢
cepted theory o modern times

In the meanume, an +Earth cemered” }i\ane(ary the-

ory had been worked out in great detas by the later

oo,

&

Fie 1 T Evicyciz axn Dreuexs
Creck tably

by Hi
{sccond century 8¢ and Prolemy o St
y of Atexandria (sec-
ond century AD) 1Y was made the basis of tables ngidl
could predict the positions of the planets to a degree

of accuracy ot much less than that to which their posi-
llmm c;:\d be determined with the wnstruments of the
I,mei : ese nstruments undernent linde improvement
\“ n:: after lh\c)c death of Copetnicus, Some 1dea of their
ature Way ohtawned from

our account of his at-

tempts 1o make smilar ones (Chap. 21 bc\oi:)‘mlln}
. . I is

of Rhodes’



4z ASTRONOMY REFORE COPERNICUS

important to bear in mind that no telescopes were in us¢
until the carly seventeenth century. .

All of Greek astronomy that succeeded in establishing
itself was collected into a famous book by the aforesaid
Ptolemy, the last of the great Greek astronomers, some
where about 140 A.p. The book las a Greek title mean-
ing the Collection; but st came in the Middle Ages to
be generally called the Almagest—the word is a mixture
of Greek and Arabic. Ptolemy's Almagest and Coper-
nicus’s Revolutions (Chap. 29 below) have been land-
fully called the Old and the New Testaments of Astron-
omy, They are separated by some fovrteen centuries,
during which the “Earth-centered” picture of the Uni-
verse (Fig- 14A), as conceived by Aristotle and Ptolemy,
was everywhere accepted.



THE CENTURIES BETWEEN iy
“zatsry AD, 10 pout intd the qu:n Ermpire and to setde
bn s Yand, These babarian i

vaders were anﬁa% to
vilizati it, 57
Ioetserie Roman divilization 2nd to Jeam Seots it Th
rmme Christiang; and it was the tosh of the (:hu}r‘d(x1
*10 pass on 10 the barbarsans \simcvcr knowledge ha
sunived from the 2naient wotld

Very batle hoowledye had survised 1 the West. Henoe
wegeea penad catled the Dark Ages. extending ruu,gh\y
fromt 460 1o 1000 AT, dunng whith vy cude ideas
prevafled ahout the world of nature

Same people even
‘Bensed that e Farth was 2 sphere, o1, Yory wid, i i

wete, 1o ont tould lne on the sowhern port of i with.
out falfing off Others thought the whole ‘Ur.nvcrs_c was
arranged Tie the Tabernacls of Moses, descyibed i the
O Testament. Later, some booky were discovered which
sei forth Plato’s adeay about what the world way Tke.
These nere brought smte hise with Chnstian teaching,
and they turmshed the propits of western Europe witk
2 sori of mental picwre of the Unicerse which lasied
without Mk alterayon down to the sixteenth centuty,

Peaple thought of the Uniterse 23 an enclosed ypace
=3 sphere of stnady hmued size. 16 bod been created
by God v 2 nat very dusant past 2y the abode af Tan,
for whom the whale wortd of vaue existed. 1t was
desuned 1 pass away, or 1o undergo sore cxtastrophic
change, in the nat wery remote {uture. The Earth ooy
prrd the centey of the Unaverse, both in postion and in
uagortanee It was the stage on which the drama of
hamzn Die was plaved out. Under our leet, 10 the Earth's
intersar, was Hell Owiside the boundary of the Universe
was Heaven, the abode ot God and the Saints. Since the
whale Uniserse was shouplit €0 form 2 single system, it
35 natara) 10 go on believing that the stats in cheir
coutses controlled or foreshaduwed events on che Earth.
These was abso thought 1 be dlose carrespondence e
;::;n the variows star growps and the parts of the human

¥,

White this Dark Age ovenshadowed Europe, 2 new
eeligpon had spruny ap among the Arabs bving on the
far ade of abe Red Sex 1 was founded in the seveuthy
cemury by Mohammed, whe procumed imds -
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of other subjects were being recovered, people naturally
m:&éht dui his baoks ongsuch subjects as physics and
astronomy must be as true as his other works, even as
true 33 Jogsc tself, Bue they were wrong. For Aristotle’s
views on the physical sciences were hapelessly astray.
Jiowerer, the young g)mst was encouraged 1o wse Avis:
totle’s logic as Anstode himsell had used it to arguc
out all sorw of i ot %o ﬁmmi logy
and philosophy, and, iater on, in the sciences of natare.
In mpf: waypdzzte was butle up in the cathedral schools
and the risng universities a vast system of belief abont
God, man and the world It came o be known as the
philosophy of the schools, ot the scholastic philosaphy.
It represented an cutlook which, tn one form or another,

held sts ground unt} roughly the end of the sixteenth
cerRnYy,

On the ope hand, thes, this system ok oves from
Aristotle the beltef that the Earth was the censer of the
Universe. On the other hand, it was brovght into line
with Christian theology, 10 as to be a sort of official
philosophy of the Church, That was how it tare ahout
that Copernicus and hus followers, who taught that the
Earth moved round the Sun, found therusetvey in con-
Hia with the religraus authonties of their age,

12. The Age of Copernicus

Capermens fned at 2 bme when vast and complex.
changes were wking place i Christendom, Powerful
forces were at wotl which nfiuenced both the course
of Tus own hfe and the progress of his theory in the
years Sollovang s death. 3t may help ws to nnderstand

the astronomer's e story if a1 this point we take 2 Tk
i
glance at the Exrapesn scene mugg et

shour in.

nmng of the sixteenth century. e begin
flstherto Europe had been mostly dinide i

chenboard o little stages. The it\y-habitla::,t}?n:;“:h:

prince dowep m.the peasant, were tostly hinked together
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of other subjects were being recosered, people “"‘,‘“““:J;
thougbt that his books on such subjects as physics an
atronomy must be as true a3 his other works, esen 29
true a3 logic itsell. But they were wrang. Yor Asistorle’s
views on the pliysical sciences were hopelestly astray.

Mawerey, the young priest was encouraged 16 use Aris.
totle's Yogic s Aristode himsel{ had used it, 1o argue
out all sonis of wteresting conclusions, Brst in theology
and phitosophy, and, later on, in the saiences of nature.
In this way there was built up in the cathedral schools
ard the rising universities a vast sysiem of beliel abont
God, man and the world, It came 10 be known as the
pinlosophy of the schools, or the scholastic philosaphy.
1t yepresented an outlook which, 1n one form or anather,
held its ground unul roughly the end of the sixteenth
enlury,

On the one hand, then, this system took over from
Aristotle the belief that the Eanth was the center of the
Unwverse. On the other hang, it was brought into line
with Chnstian theology, 50 23 to be a2 sort of official
philosophy of the Church. That was how it came about
hat Copernicus and hus followers, who tanght that the
Eatth woved round the Sun, found themselves in con-
fhee with the reiigious autharites of their age,

12. The Age of Copernicus

Copernscus hived. A 2 ume whtn st and complex
changes were wking place 1 Christendom, Powerful
forces were at work which influenced both the course.
o s own Ule and the progvess of lus theory in the
years Lollov ing fus death, 1t may belp us to understand
d;e :s\m“o\!;‘\tl E 1ife story if at this Point we 1ake a brief
glance at \he Europesn scene tound in-
nng of the su\:cm‘: century. 4 sbat the begin
Tuherto Europe had been mostly divd d 1
chessboard into Intle statey. The oabiants, Homs e
rince da to e poas The inbabivans, from the

L wete mostly linked together
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prophet of God.
the Arabs swept forth in a BT®
carried them in the t

Under the inspimlion of their new faith,
at wave of conquest which

ancient science thus ook place smong the Mosiems, Of
followers of Mohnmmcd, but htde further progress wa
made by them

in Spait there was frontie? petneen Chrstendor
and Istam (the Moslent power) - and 10 aly there was

another Across these frontier™ from about 10 AT
onwards. the anaent Jearning flowed from \he Mostem
to the Chrisuans 4 thnlbng story could be @ i
of scholars from krance ot Enghml who mved for years
among the Moslems. ¥ recy and 1 ennl of
thear lives jearning the difheuit Janguage «n¢ acquring

n this wab ometime 10 the

seen. the tamp ©of the old
1te gon ut JU W kept dimly
enedicting monasteries which sprang
up all over EY pe ! ad dater at the

¢ round the great (:\l\\(‘dl’:ﬂ!.

ew

“These sco? w
priests W id i the te and whaterer other
books they eded O arry out thar duties put they
were al taught @ matteriig M astromoeny at least
enough erstand U yules fiang the daies ol
Easter d ¢ Churcd festivals \nother dung the
oung P { was raught was the ¢ lementy of rr,;u-—lh:
science f right rmsonmg—.\s jaid down b anstotles
and ac Pt s obv usly truc: - ¢ a wnter on Togic
long known 11 the west- And now

naw

Anslod 3 )
n the lwc\m\ centurys when 13 writngs on 4
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5 3id not ga to the Bible for their refigion,

?i&&‘lz second §: third hand, iwfﬂ commentaries

taitians in which all sorts of unscriptural elements

o entered, The Popes were sometimes men 05‘ excep-
smally enil tife. They had a xgme state of lheui c{:vm,
d they played at power politics, backing one side or
e other i the wars of the age as best suited their own
nerests .

In the days of Copermicus, this whole state of things
as breaking down Eurape was forming into large states,
oughly corresponding ta those into which it is divided
oday. The hitle nobles were giving place to princes or
crong central goreroments, and this made for prosperity,
for now the workers were freer to go where they were
nteded, and the Twtle private wars, which {nterfered
with trade, were stopped.

Moteover, large ports of Christendom, notably Eng-
fand and northern Evrope, were breaking away from the
tontrel of Rome in teligous matters. This movement
had a2 poliucal and a sparitual side Polincally, it was
20 auempt 1o help trade by stopping the fiow of wealth
to Rome, 3150 to unite and strengthen each country by
bringing, the priests under the same laws as everyone
thie Spiritually, 1t was an attempt to get back behind
the Middle Ages to New Testament Christiamty,

“Flus rerurn to 3 purer fauth was wself part of a farger
marement, of whnch the return of Copernicus to 3 more
primie astionomtical theory may perliaps be regarded
3 another aspect This larger movement, generally ealied
the Renaissance, way 2 great mental and spiritual expe-
tience through which Europe passed at this period. Tt
marked the changeover from the Middle Ages to the
modern age it wiich we tie, It was 3 com

1 plex and tong:
drym process, Glang different fotms in different coun-
tries

Tram one point of view, 1t was 3 “Revinal of Learn-
my " particularly of Greek Jearning, resuling from the
transter ¢ Traly of what was left of the old Greek civils.
zaunn When the western, ot Latin, half of the Roman
Empire went dawn before the itrupuon of the Bar.
batuang, the tastern, or Greek, half, with s apima} st
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in a chan of nights and duties. Here and there, howesver,
were towns and dities which had freed themsches from
this chain and which flowshed by matng and selling
things, or by trading the natural products of the coun-
try, often overseas Manv of the peasants i central and
eastern Lurope wanted to £0 1o 1the towns w make more
money m this wav But the nobles among whom the
fand was portioned out would not let the peasants go.
Thev kept them to toil in the ficlds {or next to nothing,
while they themselves waged httle was on each other,
or on the rich towns Iy order 1o protect thesr merchan-
dise by land and sea from pillage and piracy, the trad-
ing towns banded themsehes together One al the oldest
and most extensne of such alhances, the Hanseatic
League, irluded some eights towms ot northern Europe,
with seversd of which Copermcus was dusely connected

Whsle Europe was split up m thus way pohcally, the
Churchi formed a sort of superstate covenng the whole
of western Chrastendom It was ruled from Rome by the
Pope {the Bishop ot Romes and Ty cardinads kurope
was dsvided up into dioceses junder bishopsy and these
in wm into parshes (under pricsty) In every land the
clergy formed a stparate (Lass exempt from the Jaw 1o
which the other inhatniants had w submn The Church
everywhere controlled educition, so that no one could
teach anythung of which 1t dud not approve Those who
tried to do 5o were speedily silenced 1o alsa touched the
tife of the wdinidual through s muntstres i baptism,
marmage, burial, the bequest of properee to hers, and
5o forth. The fees for these services, together wah the
tithe, or Church tax of a tenth part of the produce of
the soit, represented a steady dramn on the sesources of
Christendom. This was anureased by the growing prae-
tice of offening pardon for sun v exchanee for a wmeney
payment. Also much of the land had been getting mio
the hands of the Church or of 1ts veders of wonks

Wor of all. the Church had tost her spirtual saca-
tjon. Many of the priests were seffish and fan and grossiy
jgnarant of what 1t was their business to ccach. Mufh
of what they taught had nothing to do with real Chiris.
tianity, as, for example, the sale of pandons just men-
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. 5 ligion.
Yioned. They did not go ta the Bible for thesr yetigion,
ot took it 11 second g: third hand, from commentaries
or traditions in which all sorts of un;cnp:uni c!em;nu
had entercd, “The Popes were sometimes men of excep-
tionally evil te. They had a‘h.me state of their down.
and they played at power politics, backng one side or
the ather in the wars of the age 3s best suited their own
interests )

In the days of Coperncus, this nhole state of things
+was brealung down Eutope was forming mto large states,
roughly corresponding ta those o which it is divided
today. The hule nobles weve giving place to princes of
strong central governments; and thyy made for prosperity,
for now the workers were {reer to go where they were
needed, and the hule prwate wars, which interfered
with tade, were stopped.

Moreorer, large parts of Christendom, notably Eng-
1and snd notthern Europe, were breaking away from the
comral of Rome i rehgrous matters This motement
had a pobtical and 3 spiritwal side Polincally, it was
an attempt 1o help trade by stopping the flow of wealth
1o Rome, alsa to unite and strengthen each country by
bringing the priests under the same laws as everyone
the Spintually, it was an atterapt 10 get hack behind
the Middle Ages 1o New Testament Christianity.

This return 10 a purer fanth was 1wself part of 2 Jarger
morement, of which the return of Copernicus to 2 more
pumutise astronomical theoty may pethaps be regarded
a3 another aspect. Thus harger mavement, generally catled
the Renawsance, %as a great mental and spiriwal expe-
rience through which Europe passed at thus pentod. It
marked the changeover from the Middle Ages to the
modern 3g¢ in which we e, Tewasa, compliex and long:
‘l‘ﬂ\“n process, taking different forms n dufferent coun-

xies

Yiom one point of vew, st wi “Revi

t g a5 a “Revival of Learn.
g parucaiarly of Greek learning, resulung from the
transter to Ttaly of what was Yeft of Tt

0 he old Greell civiti-
nuon When the western, oy Latin, half of the R:‘r::‘\:\

Enpure went down befors the §
e irruption -
barians, the eastern, ot G B oY the Bar

teek, half, with uy capin) ar
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covered errors n the accepted planetary tables of the
period He traveled to ltaly fo Jearn Greel, to study
Prolemy’s Almagest in iu original tongue, and 10 wrans-~
faie it into Latin, ¥ie finally sewtled in Nuyemberg,
where he fouad 1 wealthy patren, Rerntard Walther,
and oafl who made ical instruments for
"him and printed his books. From his press he fssued
z2lmanacs and other aids to navigation which were used
by seseral of the famous mariners of the period.

With Regiomontanux we reach the end of this intro-
durtary skecch, for when he dsed, 1436, as e early
ag¢ of forty, Copernicus was three years old.
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sovered errors in the accepted planetary tables of the
period. He waveled to Maly to learn Greeh, to study
Tiotemy's Almagest in its anginal tongue, and to trans-
Iate it into Latin. He finally settled in Nurembe
where he found a wealthy patron, Bernhard Walther,
ang eraf who made ical instruments for
him 2nd printed his books, From his press he issued
alinanacs and other aids to navigation which were used
by several of the famous mariners of the period.

Wuh Regiomontanus we reach the end of this intro-
Cuctory sketchs for when he died, in 1476, 2t the early
age of forty, Copernicus was three years old.




PART TWO

The Man and His Work

13, Parentage and Birth

Whenever anything new and startling happens in the
world around wus, we instunctiely try to find out the
cause of it. This same stinct prompts us to seek an
explanation of the mysterious fact of scientific or artistic
genius when it confronts us in a Copernicus, a Shales
peare, or 2 Menuhin, One kind of explanation consists
in unearthing a line of distinguished ancestors from
whom the genius may, m some degree, have inherited
his gifts. Hence 1n writing the life story of a great man,
we usually begin by trying to trace his descent from
earlier generations.

We know scarcely anything about the ancestors of
Copernicus. And even the story of his life has had to
be pieced together from all sorts of scraps of informa-
tion which have somehow survisved. There are still many
gaps in our knowledge. The people who fived 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 because of the
gbscurity 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 : Frenchman, Gassendi, who was hopelessly out of



3
touch with the circles in which the astronomer had Bived
and Jabored, Hence most of what we know today abont
our subject has been labotiously dug out from old ree
ards by Copernican students, some Palish, some Ges-
mn, turing the last hundred years,

The first problem we have ta face arises out of the
face that, in (e days when Copemicus Twved, no one
worried much about the speiling of names. Far instatce
Shakespeare, who Jived some time later, spelled bis name
in all sores of ways. Hence it 1s 2 matter of some uncer-
tainty what precisely the astronomer's famaly name was.
Perhaps we may sake Koppernigk as the most usuaf
spelling I auy case, he soon abandoned the name 1o

adopt the Latin aersion of it by which he is always
semembered.

PARENTACGE AND BIRTM -

We first core across the name of the Koppernigks
s a placename 1 Upper Stiesia, on the eastern side of
Germany. 1t is spelled in vadous ways in Lain docu-
ments of the thirteemh century. Probably it had some-
thisg to do with the loral copper-mining indusiry an
which yo many of the nhabitants of those parts wera
employed Now people often used 1o be called after the
places where they Tived. and, by the fourteenth century,
Koppernigh had becowe a family name, At that perjod
quite a number of Silesians were moving into the neigh-
hotng country of Poland, which bad once contained
Silmia wathun its frontiers,

The Poles play 2 considerable part in our story, They
first eerge 1o hilstory as 3 group of tribes o Stavic
speeth, suagghing for eusience against the enemies who
sirged them round In the tenty century they adopted
Clisuamty and became a Eusopean power, A pgm
age af Polvh history began m 1386, In that ycax-gtlm
rmgning Polish prncess, Jadsiga, marmed Jagiclly, uy
Grand Prnce of Lachuania, the sich hand 10 the b:;; ‘;
Tolund Thus Lathuanta was united 1o Poland undc“uo
one voyal house of the Jagellans, With her eastern i} ‘:
sctured by the forests and marshes of Lithuania, P, 12,'
wat able suceessiully 1o resist the Germans whe !;:(Iu and
teustny castward alang the Baluc coast, From limb:e,:
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The Man and His Work

13. Parentage and Birth

Whenever anything new and startling happens in the
world around us, we instinctively try to find out the
cause of it. This same instinct prompts us to seck an
explanation of the mysterious fact of scientific or artistic
genius when it confronts us 1n a Copernicus, a Shakes-
peare, or a Menuhin. One kind of explanation consists
in unearthing a line of distinguished ancestors from
whom the genius may, in some degree, have inherited
his gifts. Hence in writing the life story of a great man,
we usually begin by trying to trace his descent from
earlier generations.

We know scarcely anything about the ancestors of
Copernicus. And even the story of his life has had to
be pieced together from all sorts of scraps of informa-
tion which have somehow survived. There are still many
gaps in our knowledge. The people who lived all round
the astronomer could have found out and written doswn
much that would have been of great interest to us today.
Bur because of their indiffcrence, or because 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
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, 1478, in 2 house in one of the streets of Torun,
?;ym:gxly 48'(3 Anne's Lane, which is still pointed out as
s birthplace, He was named Nicholas after his father.
s elder brother, Andrew, we shall meet again as the
comparion of Nicholas in his uavels and studies.

14. Boyhood

We ¥now nothing about the home life of the young
Nithetas hoppermgk, but we ¢an form a fairly clear
»dea of the sort of werld in which he grew up. And it
75 the famsliar scenes, the bitle drcle of relatives and
friends among whom the child's earliest years ave spent,

. that male the decpest impression npon him, rather than
the lessans fearnedd later at school and college.

The Greeks had a saying that “the aty teaches the
man " We today are organized into great natjonal states
numbering madlions of mhabitaats Qur dasly lives are
regulated by central governmen s in which we feel only
a remote interest. But in flteenthcentury Europe it .
was different. “There, as once in Greece, the city was the
vizl and atmost sell-contained unit, The life of such
a city, ordered with dignity and piclutesque pageantry,
must indeed hase been 2n education ta those who grew
up in its midst. Particularly wust this be so when the
hild 15 2 future Copernicus, when his city is a perilous
trontier-town, and when his father and his uncles are
among the leaders of the littte aity-state, helping to shape
the course of history i stuning times,

‘The town of Torun had been founded on the Vistula
in the thirteenth century by the Teutonic Knights, a
Genman order of nuhitary monts. They were rather l'i!.r:
the Knights Templar, who fought in Palestine 1o drive
the Mmlems out of the Holy City of Jerusalem. The
Teutanic hnights, howerer, were more imerested in
European heabiens. Now that the Crusades were comine
10 an end, they decided to cane out a new m““nu_na
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¥ s, in 2 house in one of the streets ol Terun,
:;’m:cg;l;4£s7ﬁ Aane’s Lane, which is still pointed ?ud( as
his birthplace, He was named Nicholas after his {2 Ié:'.
His elder Lrother, Andrew, we shall meet again as the
companion of Nichalas in his uaels and studies.

14. Boyhoad

We know nothing about the home life of the young
Inicholas Koppernigh, bun we can form 2 faisly clear
idea ot the sort of world in which he grew up And it
is the familiar scenes, the litle arcle of relatites and
friends among whom the child's earliest years are spent,
that make the deepest impression wpon him, rather than
the lessons learned later 2t schoo! and college.

The Greeks had 2 saying that “the city teaches the
man* We today are organized int0 great national states

bering millions of inhal Qur daily lives are
regulated by central governmen 5 in which we feel only
2 remote interest. But an Rfteenth-century Europe it
was dillerent. There, as anee a Greece, the dty was the
sital and almost sell-contained wnit. The lite of such
2 iy, ordered with digmity and piciuresque pageantry,
must sndeed have been an education to those who grew
up i its mudst. Particularly must this be so when the
<hild 13 a futnre Copernicus, when his city is 3 pentous
rontier-town, and when hus father and his undles are
amang the jeaders of the little atysiate, helping to shape
the course of hstory in stirring times.

The town of Torun had been founded on the Vistula
in the thutrenth century by die Tewanic Knights, a
German order of unluary monks They were rather hike
the Rnsghts Templar, who fought in Palestine to drive
the Mostems out of the Holy Cuy of Jerusalem, The
Tewtomie Knights, howeser, were more interested in
Luropean heathens. Now that the Crusades were coming
to 20 end, they decided 1o canve out 2 new wountry for
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ing was represented in the family circle by the
Inf:‘:!ev'tg bml‘\t\'.PLUaS X\\'aaenmd:, a Cathotic pricst
and a dutinguished scholar,

Hawever, tg;:C littte circle was destined all too so0n
to be broken up. When the boy Nichalas was only nn
years of age, his father died. All the four duldren were
then adopted by this prest, their maternal uncle. .Hc
was a second father to them; and he played such an im-
portant part 1n the astronomer's career that a word must
uow be said about hum.

Lucas Waezenvode was born at Torun on No\cmbe}'
19 1447, At the age of sixteen he went o Cracow Uni-
versiy, Laver, 21 a joung man, he gossed the Alps to
study in Italy, where he won high honors, graduating
3t Bologna as Doctor of Canon Law (Church Law)
1478. Alier 2 spell as a schoolmaster 1 s native town,
Lucas entered the service of the Church, where he won
fapid promotion By 1479, he was a Canon of Frauen-
burg Cathedral, m Prussia Eater he went on 3 missiott
to Rome In 148y {sx years alter adopting the orphan
farnly) Lueas was copsccrated Bishop of Ermiand or
Warmia, one of the four dioceses mto which Prussia”™
had been divided for purposes of Church government.
trmland formed something like = hule siate (a yassal
sate of Poland) of which the Bishop was the ruler as
weit as the et of the dlergy, The Rishop's Palace was
3t Hebsberg, Iy Cathedral church was at Trauenburg
on the coast {see 11 g on p. 72).

Rishop Wacrenrode seems fisst to hasve sent fus nephew
3 the St John's Schoot at Torun where he himsell had
bern 3 master Later the boy attended the Cathedral
Schwal of Wlaclawek, some way up the Vistula from
Torun The course there was mtended as 2 preparation
far entrance to Cracow Unneruty. There xs 3 story about
2 master af this school whose name was Wodkx {mean.
10z brandy) but who latmuzed it as Absterius {meaning
n abumner) He wat an authority on constructing
dials; and the story goes that he and Nicholas Koppes-
nigk berween them constructed the sundial on the south
wali of Wioclawek Cathedral,
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themselves on the east side of Germany by conquerisg
and converting the pagan Prussians. They set up Torus
as a sort of fortified outpost, marking the boundary
between their territory and that of the Poles, who Jived
to the south and east. The Poles had been harassed by
the Prussians, and they welcomed the arrival of the
Knights, but they soon found that they had made 2
change for the worse,

At the time our story begins, the Xnights had been
having trouble with their Prussian subjects who had
risen 1n revolt against them. There had been a war in
which Poland had helped the Prussians. The Knights
had lost the western half of their little state, and they
held the_eastern part only as vassals of the Poles. Thus,
less than ten years before the astronomer’s birth, the
town of Torun had come under the protection of the
King of Poland.

Although Poland lay on the outer fringe of western
Christendom, it was one of the most civilized of the
states of Europe, at least as far as its city life was con-
cerned. 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, howeser, most of this trade had passed to the
great port of Danzig at the mouth of the Vistula, Still
he must often have watched the ships sailing up the
great 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 af:
fairs.on which he was to draw in later years when he
was called upon to reorganuze lus country’s coinage.

As a relief from business cares, there would be excur-
sions on summer evenings to the family vineyards out-
side the town by the riverside. Nor would the talk be
only of trade. The Magistrate and his family could mix
freely with pcople of the highest social standing. Many
of them were patrons of art, music and letters, and the
boy would early be brought into touch with these things.
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world of nature 2ad man, It bade them give up the dr,
logseal argurments which the Muddle Ages had regardett
33 the onfy way of discovering truth N icholas began to
be influenced by this spurit of “humanism™ at Cracow,
and he was to drink more deeply of it in his Jater years in
Haly.

A‘Yl Cracow, then, some time in the winter of 1491-92
the name of “Nicholas the son of Nicholas of Torun”
was entered in 3 register which is still preserved, along
with those of about seventy other new students. The sur-
name ol Nicholas 15 not given, but there is a note 10 the
eflect that he has paud his entrance fee in full. Four other
young men from Torun matriculated on the same occa:
sion, among them an “Andrew” who may well have been
the astronomer’s elder brother. The two young men may
hase lived in a students® hostel, as most undergraduates
were required to do. Or they may have had rooms in their
married sister's house.

At Cracow University there were many foreign stu-
dents. They came from Germany and Hungary, and even
from Italy, Switzerland and Sweden. They conversed to-
gether in Laun, the universal tongue which some people
would even now like to se¢ adopted as a world language,
Like Esperanto. It was at Cracow that Nicholas acquired

. that mastery of the Latin language which he shows in all
tis writings. A knowledge of Greek, however, was still
e in that patt of the warld, 2nd the language was not
yet taught at Cracow. In speaking Latin, it was natural
and tonvement 1o turn the names of places and people
into words of 1hat Yanguage. Scholars accordingly coined
for themselves Laun {or sometimes Greel) names. It
tnay well have been at this stage of his career, as he ;’oi;md
the poljglot throng of students, that Nicholas Rapper-
nigk exchanged tus Polish name for the Latin (nrmpét it
by which hie has been immortalized. Haweser that ma:
b’c. this will dbc an apgn}z}p}rizlc point in qur stary to nkz
that step, and s0 we shall hencef, i "
cus lhc[ astronomer, orward erite of Coperni-

It was the common pracuce in a medieval univers:
for 2 lreshman 10 begin by anending courses in the 1:;!_



15. Cracow

‘When Nicholas was eighteen years old, he said farewell to
his friends at Torun and set out for Cracow, the Polisk
capital, to study at the great University there. His uncle
the Bishop may already have decided that he should enter
the service of the Church; and this was the first step ta be
taken. .

Promising young men from Torun generally went to
Cracow, Leipzig or Prague University. At that time
Prague had fallen out of favor with strict Catholics be-
cause John Hus had started a movement there which had -
developed into a form of Protestantism., The choice na-
turally fell upon Cracow, where Nicholas would feel less
isolated than at German Leipzig. His married elder sister
would presumably be living there. It was his father's old
home town, and there would be business connections
with the place. Moreover, Bishop Waczenrode was him-
self an old student of Cracow, and he could give his
nephew many valuable hints about the conditions in the
Unirersity. 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,
bestriding the road that joined central and western
Europe to the East. In its palace dwelt King Casimir IV,
a member of the great Jagellon family, which had raised
Poland to the proud position she then occupied.

The Cracow University had grown out of a school
founded in 1364 by an earlier Polish king, Casimir the
Great. It had been re-established by Jagiello in 1400, and
it had since flourished under the patronage of the Lings
of Poland. The University taught all the usual subjects
of study. But it was one of the earliest among the north-
ern academies to be influenced by the new spirit which
had arisen in Italy through the rediscovery of Greek
literature. That spirit prompted men to study the ancient
books for the sake of the light they could throw on the
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world of nature and man, 1t bade them give up the dry
logical arguments which the Middle Ages had vegarded
a5 the only way of discorering truth. Nicholas began to
be anfluenced by this spirit of “humanism” at Cmcm_v,
and he was to dnnk more deeply of it in his Tater years in
faly.

:\)l Cracow, then, some time in the winter of 1491-92
the name of “Nicholas the son of Nicholas of Torun™
wat entered in a register which is still preserved, along
with those of about sesenty other new students. The sur-
rame of Nicholas is not given; but there 15 a note to the
effecs that he has paid hus entrance fee in full. Four other
young men from Torun matriculased on the same occa-
ston, among them an “Andrew” who may well have been
the astronaruer's elder brother The two young men may
have Ived in a students® hostel, as most undergraduates
were required 1o do, Or they may have had rooms in their
married sister’s house.

At Cracow Unnersity there were many foreign stu-
dents. They came from Germany and [Tungary, and even
{rom Ttaly, Switzertand and Sweden. They conversed to-
gether in Laun, the universal tongue which some people
would even now hike to see adopted as 2 world language,
hke Esperanto, It was at Cracow that Nicholas acquired
that masiery of the Laun Yanguage which he shows in all
Tiis writings. A hnowledge of Greek, however, was still
nare in that pan of the world, and the language was not
et taught at Cracow. In speaking Latin, it was natural
and convenient to turn the wames of places and people
inta wards of that fanguage. Scholars a:coxdingly toined
ltor themselves Latin {or sometimes Greel) names, It
may well have been at this stage of hus career, as he joined
the polyglat throng of students, that N
nigk exchanged lus Polish name lar the Ladg form of it
by which he has been immortalized. Hawever that may
ble. this walt d\x: an upgn}:lp‘ri:xe point in our story to take
that siep, and 3o we shall henceforn, ‘] A
cus ‘l\cpatuonomcr ard e of Coperni

{t was the common practice in a medieval
tor a freshman to begn by astending courses 1:1":;:: r‘::l’y

icholas Ropper-
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wleas at any rate from the public teathings and writings
of this master. .
. There was a flourishing school of astronomy at Csacow,
though the subject was still taught from the medieval
point of view. That is, the movements of the hcaven\z
bodies were still explained by reference 1o Aristoule’s
souen of physics The subject was chiefly studied as a
means of keeping the Church calendar in order. It was
atsa mixed up with astrology—the old Babylonian super-
sttion of tying to foretell future events Irom the posi-
tions af the heavenly bodies (Chap. 1) . Another motive
for the study of astranomy which was just becoming im-
riant was s application te ocezn navigation. Sailors
ad given up merely coasting alang the skares, and had
talen 10 sailing the high seas. They used simple astro-
romical instruments and specially calculated tables in
otder to 1ry and find out from day to day where in the
world they were. It was whle Copermicus was at Cracow
that Columbus discovered America.

During his years at Cracow, Copernicus began 1o make
3 wiecuon of books on mathemaues and astronomy,
wme of which he kept as Jong as he lised. Many of these
books have been presened 1o our own day. Some of them
contain jottings and calcotations in the handwriting of
Copernicus which date right back fo 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 steps
tn the construction of his new system of astronomy even
at that early stage in his carcer. Howeser that way be, by
the beginmng of 190, perhaps eatlier, he was back at
Torun, his years of study at Cracow ended,

When he fefs the University, 1 was entenng upon a
tather stormy period inats history. King Casinur had died
in 1492, Copernicus would see ‘the funeral, and would
meet hiv }mde when the Datter came up to ‘(’.\acnw with
the nobility to help choose the new king. From the fron-
Hiers came warscares about the Turks and Tartars. And
i the Univenity iself, not all the students ok l:imﬂ
1 the new tendencics in educations ey splc up inth

vt gangs Genenallythe cleavage followed mational
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uly of Arts, whatever profession he intended to trke up,
whether disinuy, Iaw or medicine. Copernicus folioned
this rule. thongh 1t muost be remembered that an art
course i those davs contaned many things that we
should now cfass as scence. In fact the pracuce of sep-
arating arts and soences, and of giving degrees in science,
pure or apphed 1w quite a recent deselopment, adopted
within the memary ot peaple subl living The fectures at
Cracow would mestly consist 1n reading and explaining
the Latin classies und the great hooks whch the Une
versity regarded as authoriues nn the subjgects wath which
they dealt We Lnow that the young Copermicus attended
sariie half-dosen courses of feciures on such standard text-
books of the day These induded Eudhid, and they covered
philosophy, astrononn, astrology, geometry and geogra-
phy We even know the names of the distingushed schol-
ars who gave these tectes There would also be disputa
tions, or foumal debates on set subjects, between the pro-
fessors or the semor students, [he matters debated were
deaded. not on then metits or ac ording to the evidence,
but by appeabs to the opinons of otd witers
“The tearhers i the Polish U nivervits woutd not all be
Poles T hes would be drawn hrom any or ali of the Chiis
tan countuies potably from Taly And whe y ]:R'Er‘cﬂ?cl"
mcus went to [y fie would and many . Poles teachung
there For once w mn had become o Masty op of Arts 3t any
recognized univeray he had the tightg: 1o teach at any
other K
One of the meatest men 41 Cracow » s ehase days was
the Polish muathematican b Biodseds \§,1, For some
Teason Copetiitetis docs o appear o fhave artendtd his
lectures: But he was posonadl known 1o Brudeewska,
and was influenced by T an various wass 1t was doubt-
ess at Cracow, and undor 1l spitation of Brudsewshi,
that Copernicis was wan (er o the pursmt ot astran-
comy. Here he Lud the foundations of hes Loowledge of
the subject, and Jesnad how o handie astronomseal inv
struments and to nuke absarvations of the heasens Howe
ever, judging from the works of Brudeesskr tht hase
come down 10 w, he did nat borrow hus revalutionary
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faan in middle Jife when Luther broke with ﬂom;:. ’ﬂ\:.
echoes of the great controversy, quickly reaching the east
em fimits of Christendom, were (o disturb the astrono
raer’s ast years.

16. Bologna and Rome

While awaiting the next vacaney in the F{:\umb\\sg
Chapter, Bishop Waceentode decided that his nephew
should continue his education, this time wn Ttaly. £ be
wa going 10 be a Churchman, he had better learn same-
hing about Canon Law~the legal code, drawn up by
Papes and Councils, according to which the Church gov-
erns el

“The most famous schoal of faw in Taly was the one at
Tologna, which dated from the beginuing of the wwelith
century, Accotdingly 1t was to Bologna that Copernicus
repaired 1 the Girst instance, setting out from Exmland,
where he had been staying with his uncle, in the autumn
of 1396. Stadents from Prussia bound for Italy had the
choice of two alternative routes. One led through Vienna
and over the Semmering Pass to Venice. The other went
through centtdl Germany to Augburg, and thence over
the Rrenner Paws to Verona, Copernicus seems to have
¢hosen the latter route, calling at some o the famous
German cities o the way, notably at Nuremberg, where
Bernhord Watther, the instramentmaker and patron of
astronomers, sl bived

n those days taaly was the fountainhead of the newly
tecavered culture of Greece and Rome. Students used o
erek thither scton the Alps {rom northern Europe. Un-
der the blue ftalian 1ky they fearned Greek from the tips
of natise teachens who alone undertacd the intricacies of
the old 1anguare Or they explored the Latin literature
amid the magruficent monusmenss and the haunted land-

seapes which had seen fts bisth. Then (here
pilarims who were drawn to here were the

ntifical Rome by ¢
whieh st dung around the {;?mnc of the \'xaz of‘e(:;\:um(
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lines, produang the spectacle of German “humanists”
fighting Hungarian “scholastics” in the streets.

We do not know whether Copernicus took any degree
at Cracow. Very possibly he did not Of the sesenty ot
Arts men of lus year, barely a ffth proceeded 1o the
B.A., and only one 10 the M \ But he always had happy
memonies of his days i the Polsh eapital He corre
sponded with former teachers and follow students, and
the official duties of hus fater years afforded him welcome
excuses to revisit the aity tune and agam.

Bishop Waczenrode was anxious (o sec his nephew
properly settled mn hfe, with enouph money to live on
One way of effecting this was to have him appointed t©
some office i the Church which wonld bring im in 2
steady mncome. He rechoned on being able to use his in-
fluence to have s nephiew made a canon in his own
Cathedral at Frauenburg, True, Copernucus was only 22
but that need be no objection In those davy there was 2
case of a boy of 1] who was made a cardinal. The number
of canons was limited, so 1t was necessary 1o wait for 2
vacancy to occur 1y the Chapter—the conimiteee of elergy
who helped the Bishop to 1un the Cathedrat and diocese.
Qne of the canons convement!v died But that month it
swas the Pope’s turn to choose 4 successor, and so the first
attempt to secure the elecnon of ( apeimeus to the Chap
ter Guue to nothing

Nowadavs we should think 1t wiong for 2 man to be-
come 4 priest or a munster for the sake of makmg a
living. But i those dass very fes people thought any-
thing about it Some people, howeser dhid object to this
and to esen worse scandals in the {hnds Therr protest
was part of the grear religiovs and pobtial movement to
which we referred i Chapter 12 On the one hand there
was the Reformation whih Jed to the Pratestants” break
ing off from the mamn Cathobc Churdh to secure stiicer
chiscapline and more scnptural beliels On the other hand
there was the Counter Refurtination by which thow
Chrisuans who stayed m the Catholic Church rased du
spiritual standards of its priests to 1he vastly hugher tesed
which we almost everywhere find todday Coperiticus was &
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in mi i ath Rome. The
gan in middle Tife when Luther broke wuh ]

‘cchmx al the great conToVersy, quickly seaching the east-
ern limits of Chstendom, were to disturb the astrono-
mer's last years.

16. Bologna and Rome’

While awaiting the next vacancy in the Fx:aucnburg
Chapter, Bishop Waczenrode decided that his nephew
should continue s education, tny time in Italy. I be
was going to be 2 Churchman, he had better Jearn some-
Tung abaut Canon Law—the legat rode, drawn up by

Popes and Councils, according to which the Church gov-

e itell,

*The mest {amous schoal of law in Italy was the one at
Balogna, which dated from (he beginning ot the twellth
century. Accordingly 1 was to Bologna that Copermicus
repajred in the first wnstance, setting out {rom Ermland,
where he had been staying with his uncle, in the antumn
«of 1496, Students {rom Prussia bound for Italy had the.
choice of two aliernatine routes, One led through Vienna
and oser the Semmerning Pass to Venice. The other went
through ceniral Germany to Augsburg, and thence over
the Reenner Pass to Verona Copermous seems to have
chosen the latwer soute, calling 2t some of the famous
Genman aues on the way, notably at Nuremberg, where
Bernhard Walthes, the mstmmentanaker and patron of
sstsonomers, sl bned

0 those diys Staly was the fountainhiead of the newly
recoreted culture of Greece and Rome. Students used to
teed thuher across the Alps from northern Furope. Un-
ey the blue Tahan Wy the

y dearned Greek from the lips
ol maive wwathtn who alone understood the intricacies of

the old larguage Or they explored the Laun lterature

antud e magmificent monuments and thy
e baunted N
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prignime who wese drawn to poatitical Rome by the a:x"r:
which anll ctung around the theone of the Vicas of Christ
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by the teachers was afl importang; and that is the sptem
w}ilh which we are most familiar today, But Bologna Uni-
rensity was rum by the students themselves It was gove
emed by a2 Rector elected every two years }{e acted on
the adace of a council, but in the Jast resost his authority
s derned from the mase meeting of all the students.
The Rector's office was no bed of roses, and he often ac-
epred election under pressure, as the Speaker of the
House of Cotmmons teaditionally does. His troubles be-
gan with fus elecuon At one time 1t was the custom for
the students to celelrate this event by tearing the clathes
off the new Rector’s back, and then seiling hira the pleces
at a rmnnus pncc

Student hie at Bologna was fagrly free and easy It was
the professors who were hept an order by strict regula.
tionst A teacher had to swear o obey the Reator, ot be
deprived of the right to teach at ail. He was fined 1f he
{ell Lehind schedule in s course of lectures, or if he
left anything out, or af he was Yare m stanting his Yecture
or wens on speaking 100 Jong. He was also fined if the
assendance a1 b class fell below a cerrain number, He
mut not take 3 dav's leave without specsal permission
iom Rector and studenss, and if he left the city he had
to pay 3 depost which was forfeited if he did not come
l;n\. H he marned, hus honeymoon was limited ta ane
day,

The law schnol at Bologna was largely independent
the oher faculties that h;:::l grown rugl’ {mmcpiclnm 2":5
the Umisersty  The law swudents were generally rather
older than the others, many of them havi
fint degrees. They were grouped
tunapondmg o the pants of Furope from whic
&.\ﬂr\l “Yhus Copermicus was tnmll;:d n the G‘c‘n‘i‘g
“mnun‘.“' ‘xlv_rlxc of the ll.ugm and the most prisileged of

hem 2l te origingl tegustes containg Y
hrr}n ‘ncwr\nL u‘;nmu?l‘ul Cemiann oy name has
at Bl

be entered upon his i
ound in the autumn of 14 pon his studies

From e olld mules of Bolog inersh
N2 Univer
tme duna 10 U, 1t s posi] et bt have

ble to form sa i
of the everyday hie al Copernicus 35 3 uu:{‘:n:al;:e‘:i l;i;:!s
tay would be divided up by the church bells ringin-g {or

ng already taken
into “nzuons” raughty
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to pass in front of the brighv). star Atdebaran, hiding it
m siew (on March 9, 1497) .
’m(hpcmicsu was joix?:d, late in 3498, by his Lrather
Andrew, who had alio come to Italy to study Canon L'u]«;l
How far the Lrothers joined in the !!olonously wilc
student ife of the aty it is diffenlt to judge: but their
expenses were tonsiderable. Both were still largely de-
pendent on ther vntle, "Towards (l}‘c end of 1499, they
van out of cash, Happily, the Bishop's secretary, who was
on 2 mustion 1o Rome, was staying at Bologna. To him
the brothers appealed, Andrew threatening to go to Rome
and wke the first job that effered if speedy help were nos
forthcomng, The secretary, sndeed, was in no betier case
than they, but he put them in wuch wih the En}ﬂnnd
sepiesentaing at the papal court, Bernhard Sculteti, who
proved a fnend indeed .
After three ond 2 half years at Bologna, Copernicus
w31 seady for a change The Church was observing 1500
313 Jubulee Year Priests anmd monks and devout Catholics

fockedd 10 Reme from alf over Eutope, Copernicus went

e, 1o, with fus brother in time for the Easter eelebra-
tions; very fikely they acted 1n some sense as official repre-
sentatives of the Ermtand Chapser. They must have been
present at the great ceremony on the Easter Sunday after-
noon, when 200,000 peaple knelt 1 the open air to re-
cene the Pape's blessing, It was duting the visit of Copes.
nicus (o Rome that the Pope's son, Cesare Borgia, ar-
ranged the taurder al hus suter Lucrena’s hasband, @
deed for which he was neser called to account. Ten years
later, Marun Luther would come from Wittenberg to
Rome, to return thence zcalous for the reform of the
Church,

Copernicus remyined in the Eternal City for a whole
vear, pang informal lectures on mathematics and astron.
oy From the penod of bus stay at Rome dates another
ol the abservations which he used in his book, This time
it was an echipse of the Moon, on Navember 6, 1500,
While Copernicus had been studying at Balogna {is
wat probally 1 1497) his vuncle had put his name for-
ward a second e for clecuion a3 a canon of Fravenbur,
Cabidral “Lhis time he was successful: thoueh fraeen &
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ta pass in front of g‘m Dright star Aldebaran, hiding it
from view {on March g, 1497) . N
* Dupcmizsjs was joined, Jate in 1498, by his h:'olgl:::
Andrew, who had 2l come 1o X\.:\y 1o study (.lanoll Id
How far the brothers joined in the notoricusly t‘l\xl <
sudentJife of the city it i difficule 1o judge: bm-l 3!!'
expenses were considerable. Both were still largely he~
pendent on their uncle. Towards ﬂ_x'c end of 1499 ¢ 'ey
san out of cash. Happily, the Bishop's secretary, wha was
on 2 misston to Rome, was stayng at Bologna. To him
the brathers appealed, Andrew threatening o go to Rome
and take the first job that offered if speedy help were not
fonthcomng The seeretary, mdeed, was in no betier case
Whan they: but he put them in touch with the Ermland
representative at the papal court, Bernhard Sculteti, who
proned 2 frrend indeed :
Alier three and a half years at Bologna, Copernicus
way rzady for 2 change The Church was observing 1500
352 Jubulee Year Priests and monks and devout .CaLhohm .
fiocked 10 Rome from 2l over Europe, Copernicus wem
there, to0, with fus brother m ume for the Easter celebra-
tions; very likely they acied n some sense as official repre-
sutatives of the Ermiand Chapier. They must have been
present 3t the great ceremony on the Easter Sunday after-
voon, when 300,000 people knelt in the open air 1o re-
ceire the Pope’s blessing, It was duzing the visiz of Coper-
nicus to Rome thae the Popt’s son, Cesare Borgia, ar
ranged the murder of hs sister Lucrena’s husband, 2
deed lar which he was never called to account. Ten years
later, Martn Luthier would come from Wistenberg 1o
anc.) to retwrn thence zealous for the reform of the
Church,

Copermicus remained in the Eternal City for a whole
o3z, giving tnformal lectures on mathematics snd astron-
oy drom the poricd of tus stay at Reme dates another
of the olwersanons which he used in his book, This time
st wis an echipse of the Moon, on November 6, 1500,
While Gopernicus had been studying at Rologna it
was 'p:zu‘!;:lnl{ls(n 145;7) !lxh unde had put his name for.
wand asecand tie for elecu
et e for 0N 21 2 canon of Frauenburg

1e Wt succenful, though Copernic
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to pass in frunl\ ‘Df ge b\”i;'.‘;'i star Afdebran, hiding it
vitw (on March g, 1497) ,
fménop:micgi was joined, late in 1458, by his b"ﬁ‘?
Andsew, wha had also tome 10 lgz\y 10 study Canon ~"l.'i
How far the brothers joined in the notoriously wi
studenshie of the eisy it 8 difficult to judge; but their
expenses were considerable. Both were still Targely de-
pendent on thesr uncle. Tawards dle end of 14gg. they
1an out of cash. Happily, the Bishop's secretary, who was
an 2 mission to Rome, was staying at Bologaa, To him
the brothers appealed, Andrew {hreatening to go to Romie
and wake the hrst job that offered if speedy help were not
forthroming The secretary, indeed, was in no better case
than they: but he put them in touch with the Enmland
representative at the papal coutt, Bernhard Scultet, who
proved a [riend indeed. .
After three and 3 half years at Bologna, Copernicus
was ready for a change. The Church was observing 1500
asa Jubilee Year. Priests and monks and devout Cawholics |
tlacked 1o Rome from all over Europe Copernicus went
here, too, with his brother in 1ime for the Easser celebra.
tians, very likely they acted in some sense as official repre-
sentatives of the Ermiand Chapter. They must have been
present at the grear ceremony on the Easter Sunday alter-
noon, when zo0,000 people kaelt in the open air to te-
ceise the Pope's blessing It was during the visit of Copers
nicus to Rome that the Pope's son, Cesare Bosgia, ar-
ranged the murder of his sister Lucrezia’s husband, a
deed for which he was never called to account. Ten years
luer, Mastin Luther would come from Witienberg to
lé’cmhhlu return thence zealous for the reform of the
urch.

Copernicus remained in the Eternal City for 2 whole
year, giving informal lectures on mathematics and astran-

omy. From the period of bis stay at Rome dat
of the abservations which he u : ook, Tt

0 sed o his book. This time
itwasan echipse pﬁ the Maon, on November 6, 1500.
While Copernicus had been studying at Bologna (it
way probably in 1497) his uncle had puc his name for.
ward a second time for electton as a canon of Frauenbury
Cathedral. This time he was successful; chough Gapgmf-
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i Novara; but his Pplace may
friendship of Domenico da Novara; v
i casure by the Paduan prof
have been filled in some m; yphy:ig':n i oesor
omer He was a reformer in all these departments, and e
Prolemaic tradition

is law dua;
Copernicus, then, completed Eis law studyes at Padua;
but Igr Some reason he did not graduate there. He chose
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vivial friends the slip. Tnat may have been the reason
why Copernicus graduated at Ferrara. After taking his
d.cg-rce, he lingered on for some months in the city. Mag.
nificent buildings were going up there under the patron.
age of the Duke, Ercole d'Esté. The Duchess was none
other than the Pope's daughter, Lucrezia Borgia, who,
alter many adventures, had settled down ac the early age
of twenty-two to a life of good worls,

Back again at Padua with his Jaw classes finished,
Copernicus was able to start work in earnest on the study
of medicine. It was not that he intended to become a
practitioner, and, indeed, he does not appear to have
taken any medical degree. But in thosc 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 necds of
his Rock. Otherwise, there was no skilled medical aid for
the sick poor, only quacks and charlaians. In fact one of
the conditions under which Copernicus cnjoyed these
further years of freedom and financial support was that
he should acquire this knowledge. He was not expected
ta go in for surgery, which, in those days, before the in-
vention of anesthetics, was a pretty ghastly business, call-
ing for a greater degree of toughness than a mild Church.
man could be expected to possess.

Unlike what we find in a modern medical school,
medicine was then largely taught out of books. There
were rules supposed 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 Avicenna, the Arab chemist
and medico of the cleventh century, with other lesser
authorities. But practical anatomy was sull generally te-
garded with the same mixture of distrust and repugnance
with which psychical rescarch, or spiritism, is viewed
today. Dissection of the human body had long been
banned altogether. Now it was merely cmployed to nﬂu's-
trate what was in the books, At Padua, as chewhere, it
was customary to utilize the corpses of executed criminals
for this purpose. One teacher read out of the hool, a
second explained the passage, and then, assisted by two
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senjor students, demonstrated it on the body (Fig. 8)., At
some Italian universities the teachers and students taking
part in a dissection were fortified with a special issue of
food, wine and spices. There was very little training in
the treatment of actual patients, such as a modern medi-
cal student receives in walking the wards of a hospital.

The gulf between astionomy and medicine did not
appear so great in those days as it does 1o us. For the
sciences were not so specialized and self<ontained as they
are today. Moreover, in the Middle Ages there was sup-
posed to be a mystic correspondence between the several
parts of the Universe, and the organs of the human body.
It was even supposed that the body was a smallscale
model of the vast Universe. Old manuscripts that have
come down to us have diagrams showing each part of the
body connected with a corresponding Sign of the Zodiac
~the head with the Ram, the feet with the Tishes, and
so on. In a book published the year after Copernicus
died, we are told that the bram corresponds 1o the sphere
of stars, the eyes to the Sun and Moon and the ears, the
nostrils and the mouth, to the other five plancts. This, of
course, was all part of the prevailing belief in astrology.
Aunother link beween the two sciences was the elaborate
set of rules as to the tnes of night, or of the month, in
which medicinal herbs were to be gathered.

In a later Chapter we shall say something about the
practice of Copernicus as a physician. But there was one
other imporum event which marked this stage in the
carcer of the astronomer. Some time during his stay in
Italy, and probably during the Padua period, he learned
Greel. This meant that he was now able to read the
original works of Greck writers which had not yet been
translated into Latin, And some of these writers helped
to inspire and confirm the new ideas which were gradu-
ally erystallizing in his mind,

Rut now his leave of absence was running out: a war
\was creeping up ltaly towards Padua, and it was time to
some uncertain date, but not later than
[ 1506, Copernicus was back in Lrmland,
jgn travel and study over forcver.
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logna it had been partly burned down. But Lucas Wacr.
enrode had rebuilt it, grimly fortified without, but richly
furnished within; and there he lived in almost royal state.

Ermland was the largest of the Prussian dioceses. The
Order of Teutonic Knights owned two-thirds of the Iand
to the Bishop’s one-third. But, by his shrewdness and
force of character, 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 mem-
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bers of the Order were not to become canons of raven-
burg: otherwise the Chapter would soon hase been
swamped with Teutonic Knights i L

For six years, then, Copernicus tool part in the intri-
cate business of governing I]lc little state of ¥.rml:md, and
of managing its relations with the neighboring states. On
the one side were the Teutonic )\mghu, anyious (o main.
ain and extend the power |_l_m still rcm:unt‘d to them.
On the other side was the Kingdom of Poland, equally
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anxjous to grah all the territory that had belonged ta the
Order. Squeezed in between these quarrelsome neighbors,
Jttle Ermiand had 2 hard task to survive at all. Lucas
Waczenrode had had trouble with the Polish King over
fus consecration as Dishop: but that had been srnoathed.
over, and now his influence was thrown to the Polish
side. He accordingly incurred the hatred of the Qrder,
which did everything possible to undermine his author-
ity, and, as the story went, prayed daily lor his death. On -
Tis part, Bishop Lucas had a plan for gacking off the
Teutonic Knights to fight the Turks; but it came to
nothin;

After the Order had been forced ta give up West Prus-
sia, there was a conflict between the Prussian 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 Ermland at local Polish or
Prusian parliaments, or diels, and to accompany, or act
for, his uncle on diplomatic missions to Cracow or to
"Tarun. 1t was also part of his duties to draw up memorials
ar addresses to the King of Poland, and to take the min-
utes of the proceedmgy in the Chapter. Copernicus also
shared with his uncle in a scheme, which came 1o nothing,
for Jounding a Humanist University 2t Elbing, in Prussia,
fu. students who could not afford ta study in Italy, |

But at Heilsberg Copernicus found time for pursnits
ol a very different Jand For it was there that he bexan
10 st in order hix scheme for refashioning aslmnum;on
entirely new lines We have seen how, as 2 studesit at
Cracow, be had realized that the apparently complicated
movements of the planets could be made much simpler
by supposing that the Sun, and not the Earth, was the
fixed ‘central body about which the planets revolued
roughly 1 aireles. Later, in haly, he had been strongly
nfluenced by men who thoughe that the world of mature
was really quite simple, and thay, if it appeared compl-
€ated to us, that was because we did not understand it
properly Hence the simplest way of Iepresenting how the
planets move must be the truest. Now, at Heilsherp, he
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hiraself cannot always have found life easy with the self-
willed old Prince of the Church. But he was rightly grate-
Ful to his unde, as also we may be, for giving him, as the
occasion of thase tiroes bes served, the one kind of life in
which his genius could flower and bear its fruit. Today
Copernicus-might hase become a research fellow of a
unisersity or institute. In the sixteenth century, he be
came 3 canon of Fravenburg.

Hawener, the death of Lucas Waczenrode matked the
Herlshorr:

end of Copernicus’s long tesid; and he

att
now prepared 1o take up his abode at the Cathedral. By
June 5, 1512, he was at Fravenburg, for he observed there,
on that date, an opposition of the planer Mars.

19. Copernicus the Humanist

Ont of the ways in which Copernicus wied to show his
gratitude to his uncle, the protector of his orphan boy-
hood, was by dedicating a book to hum. It was the anly
book he ever brought out on hts own account, and it had
nothing to do with astronomy. It was a Laun translation
he had made of the Greek verses of an old poet calted
Theophylactus Simocatta, who lived in the Byzantine, or
Eadtern Roman, Emprre in the seventh century A, Theo-
phylactus was not a great poet; and it is not easy to 53y
why Copernicus chose Ins book for transiation. Perhaps |
Uz had worked through it as a textbool while he was
learning Greek, or perhaps he chose it because it was
short and casy.

The book 13 a coltection of exghty-five brief poems ealled
Epustles, or leuers, supposed to hase passed betwben
various characters in a Greel story They ave of theee
kinds—moral, offering advice about how people ought to

Yise; pastoral, pivng little prctures of shepherd Tife, and

smorons, consistng of love-poems. They are arranged to

follow one another 1 a regular roration of subjm;.
Capernicus translated the Greek verses wmio Larin
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himself cannot aluays have found Jife €asy with the seif-
willed old Prince of the Church, Byt he was rightly grate.
ful 10 his uncle, a5 also we may be, for giving him, as the
oceasion of those times best served, the one kind of life in
which his genjus could flower and begr its fruit, Today
Copernicus might have become 2 1esearch fellow of 4
university or institute, 1 the sixteenth century, he be.
@me 2 canon of Frauenburg.

However, the death of Luegs Waezenrode marked the
end of Copernjcus's Tong residence a1 Heilsberg: and he
now prepared to ta)e up his abode a¢ the Cathedral, B
June's, 1513, he yas at I-'rnucnburg, for he obseryed there,
on that date, an Opposition of the Planet Mars,

19, Copernicys the Humanis;

One of the Ways in which Copernicys tried to shoy his
gratitude to hjs uncle, the Protector of by orphan bay.
ood, was by dedicating 2 book to hip, It was the onj
book he ever brought out on his gypy account, and j; had
rothing to do wighy astronomy, It v 5 Latin translation
he had made of the Greex Yerses of an g1 Poet calleq

cophylactus Simocatta, whe tived in the Byzantine, or

stern Roman, Empire in the seventh Century A.p, Theo-
Phylactus vwas Ot 2 great poe; and it js pop €35Y to say
¥hy Copernicus chose his book for translation, Perhaps
e had worked through iy a6 2 textbook while he wl::s
leaming Greek, or Perhaps he chase i because ¢ was
short and casy,

The bool, 154 collection of ¢, 13 five brie
Lpistles, or letters, ulpposcdsm)hmc pmis':lc T:::f:rle[:d
}anous characeers in Teek sio €Y are of g .
kinds—moral, offering advice abo, le oughy o
lise; Pastoral, Enving ligle Pictures of shcpheprd lifeg N l:;
@marous, consisting of lo\epoen-u. ey are 5 e
follow one anather jn 5 regu paed to

th

¢ lar rotagj,
Copernicug translaeq e Gre:km:‘e:sim"mm'

ut hoy
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, the Earth’s brother (the Moon), and of the
TZ&‘:{-, and the planets, the wonderful creation of the -
Father of all. Starting from wonderful pnnc!p‘u‘,' he
knows bow to explote the fndden cavses ol things.” Sa
here we have, perhaps, the earliest suggestion of the lines

along which the mind of Copernicus was already working.

20. Frauenburg and Allenstein

The hnile town of Frauenburg stands on the coast of what
was once East Prussia, overlooking 2 Jagoon of fresh water
which opens mto the Baltic. The houses cluster round a
stately fourteenthcentury cathedral built on a tow hilt.
From this rising ground one glimpses to seaward the
sandy spit which divides the lagoon from the darler

waters of the Baltic, To landward the eye rests on a nch,
well watered countryside,

The Teutonie Knghts had fortified the Cathedral hill,
A very necessary precawtion in lands vewly won from
heathendom. In the course of the wars between the Foles
and the Teutoruc Order, the little town had changed
hands several tumes, for 1t was of some importance in war.
Finally a massive wall was built round the Cathedral for
its better protection. This wall was strengthened by tus-
tets whuch, in p afforded extra ac dati

for the members of the Chapter, whose regular apatt-
ments were within the wall The younger canons were
usually allotted the teast comfortable quarters; they
moved o betier ones a3 the older members of the
Chapter died off. Capernicus, howerer, stems to have -
lised all through the thirty years he spent at Frauen-
burg tn the same tooms, They were 1n one of the wuryews,
whuch served him as an observatory.

In the time of Copernicus, the canons of Frauenburg
numbered about uxteen, including five “prelates” who
were charged with special duties They were all under
abligation 1o “keep residence,” that is, 10 Jive near the
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rose. His knowledge of Greek was imperfect, 2s was to

c expected from the great difficulties which students of
the Tanguage had to overcome in those days. Greek gram-
mars and dictionaries were only just beginning to appear,
Capernicus’s copy of Chrestonius's Greek-Latin diction-
ary is preserved at Upsala, in Sweden, with notes in his
handwriting, and his signature in Greek. He dedicated
the book to his uncle, as an act of gratitude for all the
benefits he had received from him. And in 1509, when the
two men were in Cracow together on a political errand,
Copernicus had the little book published at a printing
press in the city, 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 himsclf as on the side of the “humanists” in
the struggle then going on over the question whether
Grecek literature ought to be revived or not. The “scho-
Tastics” feared that it would lead to a revival of ancient
heathenism; and they were not far wrong so far as Jialy
was concerned,

However, the translation of Theophylactus attracted
very little attention, and it was soon forgotten, It was not
until the eighteenth century that copics of the book began
to be discovered and treasured by collectors as the work
of the great astronomer. 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 ask his
friends for poems ta put in the front of his book. Coper-
nicus 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 timec at Cracow, where
Copernicus had attended his Jectures, Now he had settled
down as town clerk of Breslau, the capital of Silesia. Cor-
vinus wrote some introductory verses for Copernicus's
new book, in which he compared the astronomer’s loyalty
to his uncle with that of Achates to his (r_icnd Aﬁnc:u in
Vergil's poem. He then speaks of Copcm!cus as gxplnr-
ing the rapid course of the Moon, the various motions of
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7, the Eans brother (the Moony, and of the
l\!\‘}ux;l:‘:ky and the planets, the wonderful creation of d‘xe
Father of 2l Starting from wonderful pnnqpks:' he
Tnows how to explore the hidden causes of things.” 50
here we hase, perhaps, the earlicst suggestion of the line

along which the mind of Copernicus was already working

20. Frauenburg and Allenstein

“The tittle town of Frauenburg stands on the coast of what
was once East Prussia, overlooking a lagoon of fresh water
which opens into the Baltic, The houses cluster yound a
stately {ourteenth-century cathedral built on a fow hill.
From this nsing ground one glimpses to seaward the
sandy spit which divides the lagoon from the darler
waters of the Balte. To landward the eye vests on a yich,
wellwatered countryside,

“The Teutonic Kmghts had fortifed the Cathedral hill,
W very necessary precantion in lands newly won from
heathendom, In the course of the wars between the Poles
and the Teutome Order, the Jitle rtown had changed
hands several umes, for it was of some importance in war.
Finaily 2 ynasstve wall was buil round the Cathedral for
s heteer protection. This wall was strengthened by tur-
rets which, in peacetime, afforded extra accommodation
for the members of the Chapter, whose regular apart-
menty were within the wall The younger canons were
usually allotted the least comfortable quarters; they
moved into better anes as the older members of the
Chapter died off. Copermicus, howerer, seems to have
Ined all through the thirty yeats he spent at Frauen-
burg in the sanie rooms They were n one of the turrets,
which served him a3 an observatory.
In the tume of Copernicus, the canons of Fravenburg
bered about sixteen, including fne “prelates” who
were charged with speaal duties. They were al} vnder
obligation to “keep residence,” that is, 10 Ine near the
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s macked out by his intimate knowledge of the
:o:c:laiaz situation of (}Z Hittle state of Ermland.

Right a1 the si31t the guestion axose, Whe s!muld suc-
ceed Bushop Waczenrode? And the yet more delicate ques-
tion, Who should have the choice of his successor? The
Xing of Poland chimed the nght to thoose the Bishops
of Ermiand, and he was backed up by the Pope. In the
end, the King agreed to the Chapler's choice of one of
theyr own number, Fabian von Losssinen, 3s the new
Rishop. But he wsisted that, i fature, the Chapter
should submut 2 bist of possible candidates o the King,
who would then pick out four, any one of whom would
be agreeabls 1o bum. Cop himself was included on
the share bist for one of the fater vacancies of the hishop-
11¢, but st was only a formality ‘The Chapter feared that
the King would some day appumnt a Polish Bishop, a3

indeed came ta pass, though not unul after the astrone-
mer's death

Towads the clote of 1516, Copernitus was appointed
1o manage twa outlyiag estates belongvag to the Chapter.
Tie was made responsible both for the local government
aud for the admimsstration of Church affairs at Alenstein
and Mehtack His headquarters were at Allenstein Castle,
about go mides snland from Fravenburg, on the same
iver Alle that flowed past Haslsherg, From there he used
to nide out wih b servams to male the orcuit of bis
wmiory Ap micresting rehe of dhns stage of the astron.
ames's caxcer has come down 10 us ¥t is the book in
which he recorded all the transacuons snvolving the trins.
(erct:f Ppraperty on hus hittle domarn

pernicus would alo ome (v Fravenl rom i
10 tme to see hus friends, o auend m«ungsmg{!thén C;;:::
sex, and, of opportumty offered, to observe the hesvens
from hus hutle torrer olrervatory. As many of the obser-
vations of Capermicus belong 5o thas pesiod, and ay they
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‘Cathedral, although in practice, as we have scen, leave of
absence could be obtained for all sorts of reasons, It was
their duty to conduct the services, to hold morning and
evening devotions, and to recite masses. They were alo

. to advise and assist the Bishop in carrying on the spiritual
and temporal business of the diocese. They were allowed,
and were even required, to live in a certain style, with
at feast two servants and three horses apiece. Their in-
come was derived from the ownership of land. The
Bishop owned one-third of Ermland, and one-third of this
in 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 vous,
except those who aspited to be prelates or bishops. In fact,
in Copermicus’s time, the Frauenburg Chapter could
barely muster one priest for the service of the altar.

When Copernicus settled at Frauenburg, he would
already be well Lnown there from his frequent visits to
the Cathedral, Some of the canons were his relations, the
Chapter being largely drawn from the leading families of
Danzig and Torun who intermarried extensively. His
brother Andrew was already hwving there; but Coper-
nicus did not enjoy his society for very long. Andrew had
developed leprosy, or some such disfiguring disease; pet-
haps 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 yem
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 not appear to have been overworked. It is probably
from this period that we must date the original draft of
his great baak, and the earliest of the sevz‘mlfl.‘visimgs
that the manuscript underwent before its publication in
1548, some thirty years later. But, as th.c years p.’lssc(l,.hc
was increasingly pressed by the responsibilities for which
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i ary trouble,

Jue. He gare himael 2 Jot of ynnecess: ]

?1::& ;\: ‘xl\\adc hg: theorits neeﬁ\eos:.:ywc;:{?}?\;alg:{,o gZe :1
Le them agree SOm

‘:i‘gn‘s?g‘::d,:haa anag‘:na'mnm\. Wt bhad come down 10

LML .
Nevertheless, there wasan idea abroad that the heavens

(Conrtery of The Bruissk Museum)

F1o 10 Ax Asmsoxorciest InsTsostext 07
The Ack or CormNicey
“The wooden quadrant of George Purbach (¢ 1450). The movable arm,
{ree to turn Abeut s fun 1t the tap right-band coruer, {8 diected by
Tesns of tbe tx0 sights toward s star, the tangent of whose altitude
s then read off the graduited ndes of tbe quadrant.

tiad undergone slow chianges with the lapse of the cen-
turics. dence Copernicus felt that he ought not to tely
werely on these old cbservations, but must Take 2 freshy,
st of measurements on which o base his theories, That
was why he wanted an observatory.

1t must not be supposed, however, that Copernicus was



21. Copernictts the Observer

When Copernicts gettled at Trauenburf he chost for Wit
\iving-quanc\'s one of the turrets on the defensive wall
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i trauble,

tne. He gave himselt a lot of unnecessasy -

(:t:; T\‘c l:mdc )E: theories nc:d;?:}yw?;;;\“luﬁ by (l’;
i e agree SOMEROW bsery

‘z?gn:?gﬁ.c hl:n’f!:m\g'\rxtt\iﬂﬁem, hat had come down to

h‘z"e_\m!\ckss, there was an idea abroad that the heavens

¢Courtusy of the Brauk Murewm)

FIc 10 Ax ASTRIXOMICAL, INSTRUMINT 0¥
taz Act or Cormxicys
The wooden quadriot of Georre Puthach Le. 1450} The movable ams,
frre Lo tumn kbout s pun at e top ngbt-band corder, Is directed by
toeany of the two sights toward a staz, the tangen’ of whose sltitude
15 then read off the graduated sides of the quadeant,

had undergone slow thanges with the lapse of the cene
turies Yleace Copernicus fele that he ought not to 1ely
merely on these old observations, but roust make 2 frech ,
et of measurements on which to base fis theories. That
was why he wanted an observatory.

Tt muat ne e supposed, however, that Copernicus was
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342 present to Tvcha. he vatued it tughts and ook 2t with
lum when he moved from Denmarl to Prague Afer
Tychas death, the Linperor Rudolph 11 had it Rue later
Prazue was sacked 1n one ot the rehgous wars of the
period and Copermicuy's triquetrtim disappearced tyrcuer

0 s ook of 2533, Copesmoss makes wse ul 27 ol b
own ubservanon. Of these, one was made at Gologoa
and ane 1t Rome (3 we have seen) , probabdhy all the rest
were mude i the tarret obsenawny of Frauenburg
These otrersations were of uch things as echpses of the
Maan, the ¢l s ationy of the Mooh above the horuon, the
fissagus of the Moon w hont of brizht stats, ot the posi-
taty of planets e litnn o te backzround of stars.
Coperuus soquined et rueasutements of the nmes
and et of soch events & the taw material out
of whih o huld an accatate thears of the planetary
woumty Boandes b twenty seven nbsetvations men-
uoned w fus book Copernicus alwo made others the
tesults of which fie orted down on the margns and fiy.

feanes of the volunes which made up tas htde private
fibrary where iy can sudl be sen
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any angle BAC. Jt had a pin 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 the,
pin at G could Le inserted o as to fix the ruler AGin
position. There were two sights on AC by means of which
that ruler could be pointed accuratcly at the particular
star S whose altitude was required. The ruler BD was
then pinned at C and it served as 2 crosspiece to hold AC
and keep it pointing at the star. From the number of

orizontal

Fro. 13. Tuz Twourrau or CorerNicus

graduations between B and C, the angle BAC could bt
caleulated. This was equal to the opposite angle ZAS; ani
when this was subtracted from go®, the required aftitude
SAH was obtained as before.

This triquetrum, as it was called, was kept at Frauen
burg for about forty years after the death of Copernicus.
Then, in 1584, Tycho Brahe, the great Danish astronomet
whom we shall meet in a later chapter, sent one of hif
assistants 1o measure the latitude of Frauenburg. One o}
the canons gave this assistant the instrument to take buck
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332 prasent to Tycho he valued ithighly snd ook &t with
fum when he mamed from Denmark to Prague. After
T yrho's death, the ¥mperor Rudolph 11 had 0 Bat lawer
Pragpe was wcked an one of the religious wan of the
prisod andd Copermics’s tnguetrion disappeared toever.

T b Bowk o€ 1543, Capernrcus makes wse of 27 of lus
oun clstss tons OF these one was made a1 Bologna
and one 1t Rome (s we have seeny, probrbly all the rest
wire made from the niret observatory of Frauenbury.
TThe obseny stsonsy were of such things as eclipses of the
Maan the rlostom of the Moor thove the hortran, the
Provages b 1 Moon 10 frone of bright stars, or the posi-
fmn af plinos e rehivon o the backeronnd of sgars.
Crganacas ropamied dxau measurements of the tmes
and Cromitse sy of swed events 1 the raw matenal out
of whih o budd an womate theony of the planetary
mouans Boades the teenty seven observations men-
foed i b ook Gapermicus abo wade others, the
rencs of which b patted down on the masgns and By~

Hates of e vedumes whuch made up hus Lutle prcate
abtary, whire tho G st be seen






23. War

While Copernicus was administering the Allensxcxg ‘11:‘5;
tates, another war was brewing between Poland 3“\( .
Teutome Knights As he rode the rounds of s ‘m{:‘ o
man, or shipped off to Frauvenburg to observe an eclipse,
armed Lands of Germans, recrunted by the Order, were
amustng themselves by murdenng and plunderng the
defemeless peasants }
Qpen war broke out tite in 15tq. just after Copernicus
Tiad completed tus dhiieed vear at Allenstein and was back.
at the Cathedral The Polnh King had summoned the
head, or “Grand Muaster, of the Order to meet him at
“Torun, and, when he fasled to appear, broke off retations
and marched inta hus territory: There were no big baules,
each ude preferning Lo kil noncombatants Eventually the
Grand \aster suggested that the Bushop, Fabian ven
Lossainen, should mediate between the two sides, and
stnited tum to Rraunsberg, the Crmtand town which the
haghts had just copured
The Bushap had alw 1ss been 3 weak chatacter, and now
Be was stncken with 4 mortal disease, Instead of going
Turself he sent teo of the canons One of these was very
Tkeh Copermicus far 4 letter of the Grand Master's has
eone down from this peniod promiang o “the warthy,
mant tesrned e Nholas hoppermugl, our free, safe, and
Chrstn tondud mitoe aur Order s land” with his serv
ants and hotses But when the Grand \Master demanded
an aah o allegianr flom Behop and Chapter as part
ohahe peare e e tno emisanies explamed that they
waald fone e tundhies mquinies about that They
Wi Dby and the peace tatks came to fothing,
Copomuns spent the sear from November ,5“5 o
Nevemtar 1520 it briinburg He even resumed tug ob-
servatiomy thete vite behand the Cathedral wall whale the
:‘n\:r tawn went ap anvmoke Most of the other canons
af taken tright st ibe war, and he had the place almost
w hunaif
e e st e o Baishs
4 st 1o terms with Moscaw, the Grand
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i asisted by 2 brother<anon, Tiedemann
mf‘:n::’( the best (ryicnds he ever had, of whom we
soon hear mare.
sh:l‘(‘nu\zr. Copernicus also took advantage of the lull
following the war 1o give another revision to the hul}ny
manusenpt in which his new system of the world was
gradually taking shape. The rediscovery of the manu-
script during the last hundred years has enabled students
1 form some idea of the slow, groping process by which
Coptricuy built wp his ook, adc}m a passage here,
crossing out something there, and sticking on a bit some-
where else By now the work was nearing completion,
and rumors of its import were beginning to get about.
Yet Copermcus was sull not satisfied wich it; and the ex-
1ations of the learned world were to remain unful-
fiffed for another twenty years.

24, The Diseases of Money

‘The typieal saenust 15 sometimes represented as a balds
headed old gentleman with spectacles and 2 buttetfly net,
Copernicus was not that kand of saenust, He was a capa-
tle man of allairs 1{e had a deep understanding of the
wincate macinery by which a country 15 run, both in its
inner lile, and 1n its outward telations 1o other countries.
A most ympaortant part of that machinery is money. It
is hike the electric current which keeps all the wheels
turning i a vast factory, or hike the lifeblood toursing
thtough the artenies to witaluze all parts of the bady.
Meney has 1ts own mysterious laws and properties which
we cannot alter but can learn 1o understand and use just
a1 we do the laws of the elecnc current, or of the healthy
working of our bodies There is a science of money; and
one of the men who founded it was Copernicus, T\;onc
s its dueaser. And Copernicus, who . i

had never taken
a college coune 1n economics, undentood and rescribed

for those duseases muck more efficiently than (gr the hu-



88 . THE MAN AND HIS WORK

Master ashed for an armistice and went to Torun. But he
broke off the negotiations when he heard that Germany
was sending him troops. Marching against Heilsberg, he
besieged the town and bombarded the Castle,

Meanwhile, Copernicus had resumed his duties at Al-
lenstein Castle, under difficult circumstances. The coun-
tryside was devastated, the peasants slain or scattered
abroad, Most of the canons had evacuated themselves to
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 besides Copernicus seer
to have remained in Ermland. One of these, Henry Snel-
lenberg, was with him at Allenstein Castle, where, for
time, they were besieged, though not very closely, by the
forces of the Order. The other canon, old John Sculteti
(not to be confused with Bernhard), sent to Copernicus
from Elbing some of the crude little guns of the period,
promised him powder and shot if he needed them, and
urged him, somewhat unnecessarily, not to surrender the
Castle.

Allenstein held out; both sides wearied of the war, and
it ended in 1521 in an armistice. This was to last for four
years in the first instance; but it afforded a chance for 2
permanent settlement. The whole region became mor¢
settled and peaceful in 1525, when the Grand Master of
the Teutonic Knights agreed to become 2 Duke. He tool
this step on Luther’s advice, and soon after turned Prot-
estant, He was allowed to retain his little state of East
Prussia in return for doing homage to the Polish King:

Meanwhile Copernicus was trying to repair the dam-

which the war had done to Ermland. Being neutral,
the little state had been a battleground for both sides.
The tenants had nearly all fled from the Allenstein es-
tates, 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, Co-
pernicus was “Commissioner for Ermland,” and found
himself in charge of the whole concern. He was also en-
trusted with the task of drawing up a detailed account
of all the damage the Order had done to Ermland, and
of presenling it at the peace-conference. In this task, Co-
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jous was assisted by a brother-canon, Txedcmanfu

g?::u:ne of the best [Kcndﬁ he ever had, of whom we
ear more.

m;‘i‘o?:ov:r? Copernicus also took advantage of the luil
following the war to give another resision to the bulky
manuscript in which his new system of the world was
gradually taking shape. The rediscovery of the manu-
script during the layt hundred years has enahbled students
ta form some idea of the slow, groping process by which
Copernicus built up his book, adding 2 pasage here,
crossing out something there, and sticking on 2 bit some-
where else, By now the work was nesting campletion,
and rumors of its import were beginning 1o get about.
Yet Copernucus was still not satisfied with it; 2nd the ex-
pectations of the leamed world were to remain unful-
filled for another twenty years,

24, The Diseases of Money

The typical scientiss is sometimes represented as a bald-
headed old gentieman with spectacles and a hutterfly net.
Capernicus was not that kind of scientist. He was a capa-
ble man of affars, He had a deep understanding of the
intricate machinery by which a country is run, both in its
inner life, and 1n 1ts outward relations to other countries.

A most important part of that machinery is money. It
i Jike the electric current which keeps all the wheels
turning in a vast factory, or like the hfeblood coursing
through the asteries to vitahre all pans of the bOd;.
Maoney has its own mysterious laws and properties which
we canniot alter but can learn to understand and use just
a3 we do the laws of the electric cutrent, or of the healthy
working of our bodtes. There is a science of money; and
one of the men who founded it was Copernicus. Z\foney
kas its diseases And Copernicus, who had never taken
2 college coune in economics, undentood and prescribed
for thote duseases much more efficiently than for the hu-
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man maladies which he had spent so long leamning how
to treat at Padua.

Money enables us to exchange the things that we make,
or the services we render, for the goods that we really
want, Without it we should have to dig the butcher's
garden when we wanted a leg of mutton, or make the
baker a pair of shoes in return for his bread. Money also
makes it possible for us to compare the values of very
different things, or “commodities,” with one another,
or the values of the same thing at different times, by ex-
pressing them all in the same units, dollars, or pounds of
francs. Bue this process can be reversed; and instead of
saying that so many bushels of wheat are worth so many
dollars, we can say that so many dollars are worth %0
many bushels of wheat. For money, too, is a “commodi-
ty”; its value can rise or fall, with very important con-
sequences 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.

Nations have had to face this danger of what is cal}cd
“inflation” 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
Copernicus to think about money; and in the datk ever
nings at Allenstein Castle, he wrote a little book about it

‘The trouble in Prussia was that the coinage had becore
very debased, the various authorities secking a temporary
financial advantage by putting less and less gold and si-
ver into the coins that they issued. This drove up prices
and made foreign trade almost impossible, as foreignen
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 Prussians, the Order, and
even each big city, such as Torun and Danzig—clung jeak
ously to its own right to coin its own money. Attempts to
get agreement had always broken down, i

Copernicus said the rufer or ’(hc gavernment that tried
to gain an advantage by debasing the coinage was Iike 3
farmer who should try to make a profit by sowing qu
seed because it was cheaper than good seed. He was all in
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inistering the Allenstein estates; but alter fis returmn
::glaic Ca(hcgr:ll e became one of the closest Iriends the
asronomer evet had. Born in 1480 of a Danzig family,
Giese had studicd at Germaa and Italizn universities, and
e was 1o Tise high in the service of the C!'mzd\. first 23
Bishop of Kuim 1n Prussia, and later as Bishop of Erm-
130, 1n 1549 be joined his friend, already 1aid to rest in
Frauenburg Cathedral )

Giese was a convinced Catholic, but broad-minded and
tolerant, and he hept on good terms with Melgnduhon,
the Protestant leader. Howeser, the book 1o which we are
niow eferring was a reply ta one written by 2 Lutheran
Bishop. Ju it, Gaese states that Copernicus supports the
wiews be s expressing, and has urged him to publish the
book., Both men wexe anxious to presene the unity of
the Church, and 10 avoid the spht between “Catholics”
and “Protestants” which has conunued to our own day
to weaken seviously the witness of the Church in the
world. They called for a mosre Christian spirit in presery-
ing this unity. Catholics should plead or argue with Prot-
estants fnstead of burmng them alive as the King of Pa-
land was doing 1 Danag, “The wild animals behave
mote gently to their king than do Christians to theirs,”
wrote Giese, Copernicus was aware of the evils in the
Church life of ns tire. He had had ample opportunities
to study chem 3¢ close quarters. But be was anxious 10
presene what was of vatue in she old form of the tajth~
ot to throw away the baby with 1the bath-water~and not
to unsetle the behets of simple lolk.

In 1373, however, the moderate Buhop Fabian died,
There was the usual tumpus and period of confusion
before a successor could be appointed, and for six months
Copernicus acted as Administrator-Generat of Ermland.

‘When the new Brshop was announced, he praved 1 be

2 2
mcmbet: of the Chapter, Mauritiye Fethgr. He hgures
somewhat pronunently in Reformati i ¥
foc of the l’r(nesumt;y M PR ALl

ost of th
Yine as their Bishop Coperni A A

to Nimself in hus declinin,

Another reason for 1his isolation was, of course,” the
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. But as he grew older, his official duties gradually passed
into the hands of younger men. He was thus free to con
centrate to an increasing extent on his scientific work.
He went on observing the heavens, looking out for inter-
esting celestial events, eclipses, conjunctions 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 obsered
the great comet of 1533. He was said to have become in-
volved with other astronomers over the question of nhy
this object moved round the sky the opposite way to the
planets. We now have reason 1o believe that he actwally
wrote a little tract on this comet.

However, it is to be feared that the later years of ’IPC
life of Copernicus must have been for him a time of in-
creasing loneliness. One by one the friends of his yomk
were carried off by death, and their places in the Chapter
were tahen by men with whom he had very Jittle in com
mon. This growing isolation was partly the result of
changing conditions i the Church.

While the war had been occupying everyone's atten
tion in Prussia, the Reformation had been making great
strides in Germany. The very year, 1521, in which the ar-
mistice was signed was that in which Luther made bis
defiant stand at the Diet of Worms, The Protestant dot-
trines quickly spread to Prussia. They secured a strong
foothald in trading cities such as Danzig. The Duke of
Prussia, as we have seen, became a Protestant. And the
reformed religion spread even in Poland; though later,
under the preaching of the Jesuits, Poland became one @
the most Catholic countries in Europe. Bishop Fabian
von Lossainen, the successor of Lucas Waczenrode, was
not unsympathetic to the reforming movements, Caperni-
cus himself does not appear to have left on record any
direct expression of liis own views on the matter. Jut he
did much to inspire a_book written by his ftiend Tiede-
mann Giese, and published in 1525, which probably ex-
presses his attitude.

Tiedemann Gicse had been @ member of the Chapter
for abaut twenty years. At the time when Copernicus
\went to Yive at Trauenburg, it was Giese's turn to be anay
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novelty of his opinions concerning the solar system. &
generation or so earlier, these would not have been ulea
so seriously. But, following the revolt of the Reformers
the Catholic Church showed a growing distaste for agy
more departures from the old established beliels, e
concerning things which we should think had nothingts
do with religion.
Since Cathalics showed such a dislike of the teachingt
of Copernicus, we might have supposed that therelore
their opponents, the Protestants, would have embrace!
the new theory eagerly. But actually the Pratestants 1
jected the Copernican system even more decisively thiz
the Catholics. Copernicus had been in his grave for mary
a long year before the Catholic Church made an oficid
pronouncement that his teachings must be rejected. But
even before the publication of his book, Copernicus !ud
been severely criticized by Luther, who, in conversstion
used to denounce “the new astronomer who wants ©
prove that the Earth goes round, and not the heavesh
the Sun, and the Moon; just as if someone sitting in 2
moving wagon or ship were to suppose that he was 3t
rest, and that the Farth and the trees were moving pat
him. But that is the way nowadays; whoever wants xo_bt
clever must needs produce something of his own, whidh
is bound to be the best since he has produced it! The
fool will turn the whole science of Astronomy upsidt
down. But, as Holy Writ declares, it was the Sun and not
the Earth which Joshua commanded to stand still.” Lu
ther’s colleague, Phthp Melanchthon, also argued againdt
the Copernican theory in a little book on physics which
he published some six years after the astronomer’s death.
Like Luther, he laid especial stress on texts in the Bible
which scemed to suggest that the Earth was at rest.
‘These remarks of Luther and Melanchthon show how

cven before the publication of lus great book, the teach:
ings of Copernicus had become known to the learned men
of his day. But the rumor of his opinions had also reached
the ears of uneducated and pig-headed people who merely
oled fun at them. Oppasition to his teachings at this
low level took the form of a burlesque play which was
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roduced about 1581 at Elbing in Prussia, not far from
gnuenburg Liulé’%s known about this play except ﬂ‘ll’;
it was written for a carnival by a loaal .sc:hoolmasl.cr.
seems to have held Copernicus up to ridicule by m\\:t
ducing a thinly disguised rep of the star-g; E
priest nto a procession of grotesque figures. But the who! e
epitode taay have had the wider purpose of mocking a
the canons of the local Cathedral. And some have even
thought that the Teutonic Knights were at the back of it.
Bishop Ferber died and was succeeded, in 1538, by the
Bishop of Kulm, who calted himself Dantiscus. He had
coined the name from that of Danzig, where hie had been
born, the sox of a brewer, in 1485. His place at Rulr‘n was
taken by Tiedemann Giese, who thus became a Bxsh.op.
Dantiscus was still Bishop of Ermland when Copernicus
died. Tn his younger dags he had led 2 wifd life as saldier
and student all over Europe and the Middle East. Now,
as an elderly priest, he was trying to make up for it by
being absurdly strict where other people were concerned. -
He continued the policy of ruthlessly repressing the Lu-
therans. He fell foul of Copernicus, partly because Coper-
nicus showed Iriendship to the Protestant scholar Rheti-
cus (of whom we shall speak in a later chapter}, and
panly for other, more personal reasons, Dantiscus also
ook measures against Alexander Sculteti, a canon and a
!xiend of Copernicus, who had been elected to a prelacy
in the Chapter which Dantiscus wanted for one of his
own friends The quarrel dragged on for years; in the end-
Sculteti was supported by the Pope; but Dantiscus ex-

pelled him as a heretic, and had him hounded out of
Prussia.

However, the later years of Copernicus were not with-
out t.h:ir encouraging experiences The “Little Commen-
tary” (p 74) bad made his teackings generally known
_among stholars And here and there the seed fell upo'n
kindly and receptive soil. The Yittle manuseript seems to
hnv‘e provided the material for a lecture on the new theory
which John Widmanstad, the papal Secretary, gave in
1533, before Pope Clement y

VIt and so; f hi i
in the gardens of the Vatican, e o b cardinals
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Again, in 1536, Cardinal Nicholas von Sthonber
(whose secretary Widmanstad had then become) wrote
to Copernicus from Rome begging him to publish thé
details of his system, or at least to communicate them to
the writer. Whether Copernicus replied or not we do not
know; and in any case von Schonberg died in the follow
ing year. But he prized the Cardinal's levter highly, and st
was printed at the beginning of his book of 1543

Copernicus was also greatly encouraged, in the fut
years of his life, by the visit of a disciple, Rheticus, wbo

. came to him from a very unlikely quarter—the Luthenr
University of Wittenberg, This was in some sense the inil
and decisive event in the whole eareer of Copernicus.

However, what the people around him were chiedy
aware of at this period was his growing fame 23 2 phyt
cian. And this may be a convenient point at which toset
down the few facts we know about this aspect of bis
many-sided activiti

26. Copernicus the Physician

It is hard to realize that, in his lifetime, Copernicus ¥t
more highly thought of, and perhaps better known, ayl
medical man than as an astronomer. And this in spite ch
or perhaps because of, the fact that he blindly swallowed
the opinions of his time on medical matters. Yet in those
days both the theory and the practice of medicine wert
almost unbelievably crude and backward, and far more in
need of reform than astronomy.

Nowadays we have a fair knowledge of how the humat
body works; and upon this knowledge we base our treat:
ment of diseases. But in the sixteenth century, the most
mistaken ideas still prevailed as to the structure and the
working of the body. Exen such an impartant 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 serst
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merely for comeying air, oY i::mg\mry ‘vital spirits,
ut the body. .

ab?n:c:: was n{: idea of basing FCAIMENT eAEN WpOT x:lhgl
was supposed 10 be kown about the hum‘:m (x::tt;le. c-d;'-
usual type of treatment was 1o dose the patient with m "
cines prepared by mixing together a surptising :\ss'nmnm‘
af watenials. These included such things as goat's Wlood,
stewed bats, the groundup horns of animals, the lunas
of vipers, spidesy’ webs, roots and barts, pavdered y:\»c'h.
and other even less appetizing ingredients! The ?cdy was
starrely Tegarded as a whole, Diseases were dhassified amd
remedies ordered according to the particular organ in
whith the symptoms chielly appeared. And even this
treatment was sestricted by all sorts of astrological rules,
because of the supposed connection between the Signs of
the Zodwc and the several parts of the body or the seasons
of human Wle (Chap. 17} For example, it was thought
inadsisable to beed 2 pauent when the Sun was in the
Sign of the Bull Copernicus possessed 3 number 9{ the
standard medical books of hus day, setung forth 1his sort
of ureatment, Many of these well-worn volumes have come
down to us with his faverite prescyiptions marked or
copied in hus handwriting in the margims,

* " As to his actual medical practice, we know very Jittle.
We are not told anything about his treatment of his
uncle, hus hrother, aud the other members of the Chaptes
in his younger days, Howerer, the Cathiedral records ron-

eung the ater years of oy hie give brief notices of his
atendance on the elderly Bishops who in wrn occupied
the see of Erland

Mauritius Terber was often on the sick list with calic
and gout from 3529 10 1537, when a siroke Gaished fwm
off, Coperncus was constantly being sumooned 1o Hejls- -
berg I weating such an imporiant patient, he thought
it wise (a take ather doctors into consultation, He called

in the physician of the Duke of Prussia, and asked the
adsice of the Polish R

oyal Physician by ferter. In those
days, when traveling was dufficult, it was not uncommon
for dactors to weas their Pauents by mail. Several tirnes
we find Copernicus gising professtanal adyice to his pa.
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tients, or seeking the counsel of other medical men in
difficult cases, in this manner.

He next attended the succeeding Bishop, Dantisor,
who had been taken ill while officiating at the marnage
of the Crown Prince of Poland, A patient in whose &
covery he must have felt a livelier intercst was his old
friend Tiedemann Giese, now Bishop of Kulm in Prus
sia. He had caught ague, a sort of malarial fever, while
traveling in the marshy country of his diocese, Coper-
nicus visited and treated him early in 1539. Later in the
year, he made a second medical visit to Giese, which de
veloped into a regular summer holiday. Accompanied b
his young disciple Rheticus {of whom we shall speak
in the next chapter), he went to Kulm in May and re
turned home to Fravenburg in September.

In the spring of 1541, two years before his death,
Copernicus was hastily summoned by no less a peron
than Duke Albert of Prussia (the former Grand Mas-
ter). He was to go to Konigsberg to attend George 1o
Kunt a trusted ¢ Jlor of the Duke's, who had
fallen seriously ill, and for whom the Prussian dectors
scemed unable to do anytung. Copernicus went will
ingly enough, for he had met von Kunheim in the courst
of negotiations over the reform of the coinage. And he
had come to feel that even Albert was not such a bad
sort. The two had many intellectual interests in com
mon. The Chapter readily gave Copernicus permission
to go, as it wished to remain on good terms with the
Duke, despite his Lutheran fath. The courtjer’s illnest
was prolonged, and the leave of absence had to be ex
tended over Lastertide. At length, however, Copernics!
was able to return, leaving von Kunhcim well on the
way to recovery; though he continued for a time to 1¢-
ceive reports on the patient’s coendition, and to send him
medical advice by letter.

There was an early tradition, which has caught the
imagination of later writers, that Copernicus exerciset
his medical skill for the benefit of the local poor, who
venerated him as a *'sccond Aesculapius” (a Greek den
god of healing) ; but of this we have no forther deraile




27. The Coming of Rheticus

seed
‘a the spring of 1539, a young German sc}mhr nnng
l‘: 'Frnufnbuhrg and askczl 1o see Caperpicus He was
Gearge Joachim, Professor of Mathematics at the se-
cently founded Unirersity of Wittenberg Xle had come,
withottt a word of warsing of introduction, to stek fuller
fnformation concerning the new astronomical system of
which he had heard yeports.

Joachim was then twenty-fve years el age. He had been
bom i 1514 at Feldkarch in the Austrian Tyrol, a part
of Europe which the Romans had called Rh.aelm. He
tad therefore adopted the name of Rheticus, “the man
from Rhaetia,” by which he js generally known, .I’hlhp
“Melanchthon, the Protestant scholar, had picked him out
25 a clever young mathematical student at Wittenberg,
and had made him a Professor there at the age of tuenty-
w0, The other mathematical Professor was one Erasmus
Reinhold, who also comes into our story.

Rheticus took 2 certain risk in coming from Witten-
berg, 2 howbed of Protestantism, into a Catholic diocese
where Prowestants were being ruthlessly persccuted, He
was in danger, too, of getting into trouble with the heads
of his own Uniseraity, who strongly opposed the teach:
ing of the Earth's motion. Copermicuss, abso, might have
suflered for emertaining a heretic; peshaps it was one
of the veasons for his {nendlessnesy at the last. Honever,
Copernicus cordially weicomed the young man, ook him
o se¢ Ticdemann Gaese at Kulm, and introduced him
o other {riends Rheticus was even kindly received by
bis fellaw. Protestant, Duke Albert ol Prussia, He spent
in all more than two years in the diswict, He eagerly
followed up some early studies which Copernicus had
begun on the georraphy of his homeland. He made a

map of Prussta. {which has disappearedy, and he wrote
2 hittle hook in prasse of the beauties of that land belore
remning to Wittenberg in the autumn of 3BT
Rheticus brought with him {or sent from Wittenberg
after requrning (hete) 3 number of scientific books as
2 present to Copernicus. Among these was an edition
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tients, or seeking the counsel of other medical men in
difficult cases, in this manner.

He next attended the succeeding Bishop, Dantivass,
who had been taken ill while officiating at the marriage
of the Crown Prince of Poland. A patient in whose r¢
covery he must have felt a liveller interest was his old
friend Tiedemann Giese, now Bishop of Kulm in Prus
sia. He had caught ague, a sort of malarial fever, while
traveling in the marshy country of his diocese. Coper-
nicus visited and treated him early in 1539. Later in the
year, he made a second medical visit to Giese, which de-
veloped into a regular summer holiday. Accompanied by
his young disciple Rheticus (of whom we shall spesk
in the next chapter), he went to Kulm in May and ye
turned home to Frauenburg in September. )

In the spring of 1541, two years before his death,
Copernicus was hastily summoned by no less 2 person
than Dule Albert of Prussia (the former Grand Mav
tery. He was to go to Konigsberg to attend George vof
Kunheim, a trusted counsellor of the Duke's, who had
fallen seriously ill, and for whom the Prussian doctors
seemed unable to do anything. Copernicus went will
ingly enough, for he had met von Kunheim in the courst
of negotiations over the reform of the coinage. And ht
had come to feel that even Albert was not such a bad
sort, The two had many intellectual interests in com
mon, The Chapter readily gave Copernicus permission
to go, as it wished to remain on good terms with the
Duke, despite his Lutheran faith. The courtier's jllness
was prolonged, and the leave of absence had to be e
tended over Lastertide. At length, however, Copernict
was able to retum, leaving von Kunheim well on the
way to recovery; though he continued for a time to 1¢
ceive reports on the patient’s condition, and to send him
medical advice by letter.

There was an early wadition, which has caughe the
jmagination of later writers, that Copernicus exercised
his medical skill for the benefit of the Jocal poor, who
venerated him as a “sccond Aesculapius” (a Greek demi
god of healing) ; but of this we have no further detail~
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ived
tn the spring of 1539, 3 young German scholar arri e
at qugnbuarg :mf! 0askcd 10 see Copernicus. He was
George Joachum, Professor of Mathemanes at the re-
centl founded University of Wittenberg. He hud come,
without 2 word of warning or inwrodudtion, 1o seek fuller
information cancerning the new astronomical system of
which he had heard reports.

Joachim was then twenty-fve years of age He had been
bamn in 1514 at

Feldkirch in the Austrian Tyrol, 2 part
of Europe which the Romans had called Riigetia, He
had therefore adopted the name of Rheticus, “the man
from Rhaetiz” by which he is generally known. Phulip
Melanchilion, the Protestant scholar, had picked him out
a3 a clever young mathematieal student at Wittenberg,
and had made hum a Professor there at the age of tnenty-
0. The other mathematical Professor was one Erasmus
Rembhold, who also comes into our story,

Rheticus tool a certain ritk in coming from Witten-
herg, 2 hotbed of Protestantism, into a Catholic diocese
where Protestants were being ruthlessly persecuted. He
was fn danger, too, of geiting mto trouble with the heads
of his own University, who strongly opposed the teach-
g of the Eaxth’s motion, Copernicus, also, might have
suflered for entertaining a heretic; perhaps it was one
of the reasons far his Iriendleseness at the last, However,
Copernicus cordially welcomed the young man, took him
to se¢ Tiedemann Giese at Kulm, and ntroduced bim
to other friends. Rheticus was even kindly vecejved by
his fellow Protestant, Duke Albest of Prussia. He spernt
in all mare i two years in the district. He eagerly
followed up some early studies which Capernicus had
::f;‘:) ‘og ﬂ:g gc(u;;ag:xi oldhis homeland He made a

) Tussia {which has disappeared), and he wrote
a little book in praise of the be:\zlxji; ot)lhat Yand before
"C‘;{;\“‘?g N;) \““}:nb"%\ ';‘n the autumn of 1541,

cticus brought with hi i
after Temraing %herc) n n‘\r:n {or sent from Wittenherg

ber of scientific books as
2 present ta Copernicus. Among these was an edition
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of Euclid, now translated into Latin from the origind
Greek, and not merely from an Arabic rersion; also the
first printed Greek edition of Ptolemy’s Almagest. Whez
Copernicus died he left these books, with most ol hr
other scientific volumes, to the Cathedral Library. Lata,
“howeser, during the Thirty Years’ War, the Protestart
leader, Gustavus Adolphus, carried them off 10 S}\ﬂ-'ﬂ’v
with many other books and papers from that pant d
the world, It has thus come about that most of pnp_er
nicus’s little library is today at the Swedish Univenit
of Upsala. .

Hovwever, among all these distractions, Rheticus L
not forget what had brought him on such = long journc.
He toak the earliest opportunity of getting to gnps with
Copernicus’s wonderful manuscript (now tecening te
finishing touches) ; all needed explanations he sought
and obtained from its author, Within less than thret
months he had written a short summary of its mnl_ﬂ‘“
which he sent to his former teacher, Johann Schont
of Nuremberg, in accordance with an ‘arrangement *
ready made between them.

Rheticus printed this First dccount (a
in Latin) in 1540, with the permission of Cope
It was indeed the earliest reliable and detailed rept
on the new system to be published. It dealt only ¥it
a part of the Copernican theory—the part dealing with
the various motions of the Earth, The book was 1™
tended to be followed by other Accounts, covering 1
other parts of the system, but these were never requite
For, instead, Copernicus at last sent his great book 10
press. And, but for Rhetecus, we might never hasve had 1t

s it was called
rnicus.

28, The Beginning of Immortality

Some time during the visit of Rheticus, or shortly after
ks return to Wittenberg, Copernicus made up his mind
to publish his book. What finally decided him to take
the plunge, we an only guess. He may have been mosed
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of Euclid, now translated into Latin from the original
Greek, and not merely from an Arabic version; also the
first printed Greek edition of Ptolemy’s Almagest. When
Copernicus died he left these books, with most of his
other scientific volumes, to the Cathedral Library. Later,
however, during the Thirty Years' War, the Protestant
Ieader, Gustavus Adolphus, carried them off to ngedcn.
with many other books and papers from that pan of
the world. It has thus come about that most of Coper-
nicus’s little library is today at the Swedish University
of Upsala.

However, among all thes¢ distractions, Rheticus did
not forget what had brought him on such a long journey.
He took the earliest opportunity of getting to grips with

- Copernicus’s wonderful manuscript (now receiving the
finishing touches) ; all needed explanations he sought
and obtained from its author. Within less than three
months he had written a short summary of its contents
which he sent to his fonmer teacher, Johann Schiner
of Nuremberg, in accordance with an arrangement al-
ready made between them.

Rheticus printed this First Account (as it was calﬂed
in Latin) in 1540, with the permission of Copernicus.
It was indeed the carliest relinble and detailed report
on the new system to be published. It dealt only with
a part of the Copernican theory—the part dealing with
the various motions of the Earth. The book was in-
tended to be followed by other Aceounts, covering the
other parts of the system, but these were never required.,
For, instead, Copernicus at last sene his great book 1o
press. And, but for Rheticus, swe mught never have had it.

28. The Beginning of Immortality

Some time during the visit of Rheticus, or shortly after
his return to Wittenberg, Copernicus smade up his mind
to publish his book, What finally decided him to take
the plunge, we an only guess. He may have been mosed
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In the first book, Copernicus gives us his general p»
ture of the Universe, and his arguments to prove thit
the Sun forns the fived center, and that the Earth e
volves round him as a planet There is also the explnt
tion of the scasons with which we are familiar fro
geography

At the dose of Book 1, there arc two or three chap
ters deahing with thigonometry They give the rules by
which, when certain sides and angles of a trangle ar
given to us, we can “olve” the tangle—that is, caler
Jare the remarmng sides and angles They cover not only
ordinary plane triangles, whose sides are straight lines
but also triangles on the sphere. whose sules are are
There is also a table of anes of angles, such as we find
in a modern schoolook (thaugh the werd sime is B0t
msed) Tater on an hus book, Copermus mahes grest
use of these rules and this sine table 1 the caleulations
by which be builds up s planet iy svstem, But trige
nometry ts useful 10 all sores of conned tons having noth
ing to do wnh asnononn  fm (vunple m surveying
And 1t had been only recently mtinduced mto Europd
from the Arabs Hence tha poruon of Copermeus’s bod
was worth publishing sepatately  And when Rhetic)
left Frauenburg (Chap z9) he took a copy of thot
chapters with hum and brought them aut as a htde test
book at Wittenberg i the fojtowing vear

In Book 1L Copermcns applies as tules of trigonont
etry to all sores of probloms connecied with the appatent
motions ol the heavenh boches on the sphete of the sk
Suppose, for example he wmnted 10 hnow the elevation
of the Sun abeve the honzon at some piven anstant, af
seen from a place of wiven lantude Then 1) he had @
do was to consider the tranglc tormed Ty the pole of
the heavens, the z2nnh (Chay 20, and the center of
the Sun, upon solving this trimle e would otitan the
n-quucd elevation of the sun AL this of course, had
nothing to do with the Coponuean thaors Prolomy had
dealt wih the same sort of problim fence we shalt
not have anything more to sav about this nart af the

book.
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At the close of Book IT there is a star-catalogue. T““j’
«a list of the brightest stars, giving the position of each
on the sphere of the sky. The way this is done cy{;en-
sponds exactly to the way in which we give the pfml]l
of places on the surface of the Earth. We say that 2 pl :}cclc
has a certain longtiude east or west of the Creenwich
meridian, and @ certain latitude north ar south of the
equator, In Just the same way, ¢he potition of each star
is given by means of a pair of measuremeats referring to
imaginary circles on the sky, The umportance of such 2
catalogue lay in the lact that, for the early astronomtys,
the stars were Hke Bxed landmarks, or the numbered
divisions of 2 racingrack. It was by referring to this
fackground of siats that the positions and motions of
the planets were measured Such a aatalogue has to be
contmcted, in the first place, by actual observations
of the stars camed out with suitable measuring mnstru-
ments. Coperteews, however, did not male his staveata-
Togue in \hat way. He tool over Prolemy's catalogue.
seady-made, merely attempung to correct certain errors
into whach such catalogues fali with lapse of time.

In the remaining fous books, Copernicus gives de-
tatled accounts of the supposed motions of the Larth
(Book 111y, the Moon {Book. 1V), and the planets {Books
Vand V1) Fach of these accounts Jeads to the construc-
tion of a theory (Chap. 1a), that s, of a geometrical
disgram showing the course supposed to be followed by
that particular body, The diagram is drawn to scale;
and the mation of the body 1 adjusted 1o it the olsenva-
tans upan whach the parucular scheme s based Lach
theory leads 1o tables serving to predict the future mo-
1on and positions of the bodies .

So far we bata not mentioned the tie of Copernituys
boak. The fact 1 we do not know what name lﬁc astron-
omer ynended ¥ gue his immortal work. The mams.
script bare neither a wtle nor the name of its author
when the latter handed st over to his frjend Tiedemann

Gitse for publcation. Bowh of these 3 kil
the matenal was bein, of these were added while

h g prepared for the printer. The
tile guven 0 the valume by i editars w:l:s Sie Ban::
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In the first book, Copernicus gives us his general pic
ture of the Universe, and his arguments to prove that
the Sun forms the fixed center, and that the Earthre
volves round him as a planet. There is also the exphnr
tion of the seasons with which we are familiar fron
geography.

At the dlose of Book I, there are two or three chap
ters dealing with trigonometry. They give the rules by
which, when certain sides and angles of a triangle ¢
given to us, we can “solve” the triangle—that is, calen
Tate the remaining sides and angles They cover not only
ordinary plane triangles, whose sides are straight lints
but also triangles on the sphere, whose sides are ars
‘There is also a table of sines of angles, such as we fird
in a modern schoolbook (though the word sine is not
used). Later on in his book, Copernicus makes great
use of these rules and this sine-table in the calculations
by which he builds up his planctary system. But trig>
nometry is useful in all sorts of connections having noth
ing to do with astronomy, for cxample in sureying
And it had been only recently introduced into Europt
from the Arabs. Hence this portion of Copernicus’s boo
was worth publishing separately. And when Rheticwd
left Frauenburg (Chap. 27), he took a copy of thet
chapters with him and brought them out as a little text
book at Wittenberg in the following year.

In Book II, Copernicus applies his rules of trigonom:
ctry to all sorts of problems connected with the dpparent
motions of the heavenly bodies on the sphere of the sky.
Suppose, for example, he wanted to know the clesation
of the Sun above the horiron at some given instant, a5
scen from a place of given latitude. Then all he had to
do was to consider the triangle formed by the pole of
the heavens, the zenith (Chap. 21), and the center o
the Sun; upon solving this trrangle he would obtain the
required elevation of the Sun. All this, of course, had
nothing to do widi the Coperrican cheary, Ptoletny Had
dealt with the same sort of problem, Hence we shall
not have anything nore to say about this part of the

baok.
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Concerning the Revolutions of the Heavenly Sphat
(De Revolutionibus Orbium Goelestium Libri B
we shiall call his work simply Revolutions,

30. The Prefaces

We have seen how Capernicus Lept his manuscript locks
up for some thuty vewrs During siss time he keptios
ing 1t and adding fresh obseryations, but he conld neva
feel that it was quite reads to publish  Another 1¢asoy
for the long delay was that he shirank, from the stormdl
erticism which fie knew would be nnloased from 3
sides against the sdeas set forth in s book, .

This eringom would come from two stis of peopse
On the one hand, there were the okl fashtoned philew
phers who wsisted that the tarth was the hed cootr
af the Usinaise, becaust Minstotle had sard so On ¢
other hand, there wee the € hurchimen who ght 3¢
cse Copernicus of contyadu g the Bable becanse o
N texts seemed 10 suguest that the 1anth stood S0
(O course many Chinchimen were philasophers, and
wonld crucive Capertucis on both (ounts ) In this
spect the Protestanits wete oven stucter than the Gl
olics But the Catholios thomabves afatimed at the Tevolt
af the Protsiants, wae ughtemng up ther standards
of behef and discipline \ morement bad staried whidy
A century Litr, was to tiike possible 1he perseonnen of
Galilea {or teaching the vey thing th g Copernmaus wat
now about 1o put forwand

Hence when aciongth ¢ vpttneas hed beep ,xmudtﬁ
© publish hs book, he deadsd ts 10 1 ] by the
horns and boldiv 0 dedicare e work 1o the reygning
Pope. Clus was Paul T the tast of 1 weriey aof ek
more decent Popes who from now an st on the throne
of St Paer He was o schoba, « hon e nteilipent
matt, and under hns protection Coperncus knew  that
his book and lumnelf would be sale fram rscounon,
Hence the Preface to the Reonlutione o a dedicanon 10
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:!cr, of all men, i sole controt when the book was bcn'\i,'
“yrinied, He taok, the opportunity to put in a short Prels
ez of his own (but unsigned} on the lines of his previ-
yus adhice to Copernicus. This really had the effect of
fliesing the whale meaniag, and intenton of the book.
Yhe second “Preface™ was quite out of keeping with
“ihe rest of the work. Dut il it was a fraud, it was 2 vary
innacent Iraud, though Tiedemann Giese was very angy
 ¥bout it. For it praised Copernicus, and therefore cfmld
“not have been written by him. Shrewd readers quickly
“saw theowgh the impasture, aod soan the whole stary
. Teaked out. It was just 2 well-meaning attempt to make
? vhe ook appear harmless; and, strangely enough, it sue-
. ceeded in its purpose for nearly a century.
L Other alterations were made hy other hands than
* I0siander’s, so that the book as first printed differed con-
Fisiderably from the manuscript as it lefu the hands of
",:its author, In fact, the printers must have worhed from
? ia copy made by someone who thought he could improve
#fupon the origsmal. For many generations no one sus-
. ptaed this. For the manuscript soon dissppeared, and
*‘;n could not therelore be compared with the later printed
. \tdninm of the Revalutions which were brought sut in
v ivanious parts of Europe—ar Basel (1566), Amsterdam
s A P 5
¥ {1617) and Wavsaw (1854). ANl these were merely cor-
_+vected copies of the onginal Nuremberg edition {1543)
i H_owcv.er, by a lutky chance, the manuscripe turned
i+ 9P In the middle of the nineteenth century 2t Prague.
;1 Since then 1t has bheen very carefully studied, the many
¢ corrections and addations showing how slawly and pain-
+ Tully Copernicus buils wp s book The dates at the
K hh‘)t‘n’a_llom which he includes wn the several sections
¢ ?:;;’: ‘L‘;l\c us some idea of the times a1 which those sec.
¢ Bons were written He very likel m the book darin,
 his stay at Heilsberg, and he g,?,m“g wmain rc\isionli
—Ahe fast, during hus early years at Frauwenburg, the sec-
ond, n the full which foMowed the war, He may 210 hase
E{:::{ |‘(5s1(;mt final touchey during the visit of Rhetiens
Once the Manuscript had been recay

sible to punt the Revolutions jn :1m°'(§3"m".-3‘°.‘ Pox
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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 hiy
reform of the calendar later in the century. B

We do not know whether Copernicus had received any
encouragement to address himself to the Pope, perhaps
from Cardinal von Schénberg (Chap. 23), whose letter
occupics a prominent place at the beginning of the book.
Nor did any question arise of Paul’s acceptance orer-
tection of the book. For long before it could have reached
Rome, its author had passed beyond the praise or blame
of any carthly potentate.

Besides the Preface we have just described, the Revo-
lutions 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 sce his own book through the press. The re.
sponsibility fell on Rheticus; and even he was soon called
away {rom Nuremberg, leaving a local Lutheran clergy-

an, Andrew Osiander, to sce alter the publication of
the book.

Osiander was something of an astronomer, and Coper-
nicus hid written to him asking what sort of a welcome
a book about the motion of the Earth would be likely
to receive. Osiander, lnmg 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 1s a fact that the motion of 2
plnnc!, as 1t appears to us, can often be repru:med
equally well by several different theories. Hence even
the Greek astronomers recogruzed that such a theory
need not reproduce the true motion of the planct in
space, It may be merely an artificial device serving ot
the ealculation of tables giving the future positions of
the planct Osiander suggested that Copernicus should
declare his theory to be just such an anificial device.
There would then be no (}ueuion ol any real motion
of the Earth, and all would be well. But Copernicus

would not take this easy way out. )
Howezer, as we have said, a curious chance lelt Osian-
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the year; and it went 2 goad way towards elearing up
the intricate motion of the Moon, upon which the date
of Euster 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 Copcrnicus had received any
encouragement to address himself to the Pope, perhaps
from Cardinal von Schénberg {Chap. 23}, whose letter
occupics a prominent place at the beginning of the book.
Nor did any question arise of Paul's acceptance or pro
tection of the book. For long beforc it could have rea hed
Rome, its author had passed beyond the praise or blame
of any earthly potentate.

Besides the Preface we have just described, the Revo-
lutions possesses, curiously cnough, a second Preface,
not written by Copernicus at all. It owed its appearance
to the unfortunate circumstance that Copermiis was
unable to see his own book through the press. The re-
sponsibility fell on Rheticus; and even he was soon called
away from Nuremberg, leaving a local Lutheran clergy:
man, Andrew Osiander, 1o see after the publication of
the hook,

Osiander was something of an astronomer, and Coper-
nicus hid written to him asking what sort of a welcome
a book about the motion of the Earth would be lilely
to receive. Osiander, lining in the swim at Nuremberg,
would be better able to answer this question than would
Copernicus, marooncd at Frauenburg, The reply w3
not encouraging. But it 1s a fact that the motion of 3
planet, as st appears to us, can often be rtpxtvtn!ﬂ‘
equally well by several diflerent theorics. Hence even
the Greel astronomers recognized that such a theoty
need not reproduce the frue motion of the planct in
sram It may be merely an antificial device serving lor
the aleulation of tables giving the future positions of
the planer, Osiander suggested that Copernicus should
declare his theory to be just such an antificial device.
There would then be no qguiestion of any real motion
of the Farth, and all would be well, But Copernicus

would not take thit easy way out.
Howerer, as we have said, a curious chance left Ovian.
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Copernicus intended it to be read. This was dane
the cdition which was published at Torun in 1853

mark the gooth anniversary of the astronomer's b

there.

31. The Motion of the Earth

We usually associate the name of Copernicus with il
sorts of startling novelties and revolutionary theories
Hence it comes as rather a surprise, in reading through
his book, to find how many of Aristotle’s ideas he swat
Towed.

For example, he believed, with the ancients, zh:l"
heavenly body must always move in a circle at a steaw
rate about the center. But it was by means of that vn
Jaw that Copernicus claimed to be able to prove th
the Earth is moving. For, he argued, if we watch a pland,
it does not appear to be moving at a steady rate. Th*
strongly suggests that the Earth, the platform from whid
we observe, is not fixed at the center of the plantt
circle.

Is the Earth, then, moving® But if it ts moving, he¥
are we to know? How, in fact, do we know that we
moving when we are riding in a vehicle? By sceing all o
objects around us apparently traveling in the oppotis
direction, In just the same way, says Copernicus, ™
we attribute a certain motion to the Earth, st will app
as a similar but contrary motion affecting all things o
side the Earth, as if we were passing them by.” Henc
the only way in which we can hope 10 discorer whe”'«
the Earth is moving is to Jook out for some B
motion which appears to belong to all the heaven)
bodies. One obrvious example of such a motion js th
daily revolution of the sphere of the sky from eant
west which produces the rising and setting of the Sur
Moon, planets and stars. Copcr!ncm asks 1s to TV
+¢hat the heavens have no part in this motion, but .
the Earth turns from west to cast.”
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Copernicus makes one other app)iqtinn of his same
rinciple, only this time it is not quite so simple The
reas difficulty in discavering one’s own motion [ram~
¢ apparent motion of surrounding objects is that these
bjects may hae motions ol their owmn. It is no use ry-
bz to judge the groundspeed of an airplane from the
Ste at which It is overtabing clouds if the clonds them-
blies are moving, Now the planets have motions of
heir awn which complicate matters. Copernicus accard:
‘ngly fises upon the annual cireuit which the Sun appeats
b pesform against the background of the stars. The an-
fients thought thas the Sun described a arcle with the
Earth fixed at the center, But ove conld equally well a5
jume that the Larth descnbed a curcle about a fixed Sun.
fn that case, whiat seal motions smust the plavets be sup-
ed to possess 1n order that such 2 motion of the Earth
nay make them appeat to move as they do?
'{h’mc solution of this problem was not very easy; bt
€ auSher %38 very simple Supposing the ¥arth to ve-
yohe in 2 circle about the Sun at the center, then each
planet must also be resolving in a circle about the same
genter. "Thus the orbits of the Eanth and planets are a
$yvtem of concentric cucles baning the Sun a5 their tom.
mon center. When Copernicus had arrived at this beau-
fifully simple resolt, Tus mathematical instinct, formed
r\_ﬂx the h“ho?\ of Pythagaras, told him that it was the truth.
;};‘ the midst of il dwells the Sun, For who coutd set
Jhis luminary n angther or better place in this mast
glcmol_u temple, than whenge he can at one and the same
-bme Yighten the whale And 30, as if seated upan
7Y tagal throne, the Sun rolts the family of he plan
;‘ 5\ \s\q <ixcle sowpd " 4 planets
¢ A prominent feature of Piok i
.’::\} been the huge epzc;\:le :CT::;(S ﬂhqmw hearies
’ ¥hn:} moved. taund 20wt its mean : o)aulx“nw }';};xh cach
,,: m,:;on W3t necessary in order to chp!(’—_\{n \?h;v 2 [,;:::3;
4 bpc and distance appeared 1o vary so greatly 25 seen
bY an ¥anhbound otserser. Copernicus had
* *that this suppased motion of the pt s e naw show
n":yun simply an illusion produced lr:)ml‘:;n?ar:fl A
r ihnu the 122l 2nnual revolution of the Eanh‘:%e:?t :::2
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The simple planetary theory we have just describedt
2 rather toa simple to account for 2ll the facts of ob-
inauon 1 detail, For the plapets really follow a rather
rore complicated law of motion than that of resolving
\adily in circtes. This Jaw was not discovered until
owt sixty years alter the death of Copernicus, Mean-
While, he ied to adjust his theory to fit the obsena-

S
3 G4
2y 5

Fic. 4B Trr Svsres er 70z Vot 1 Baow Ovrerves
According to Coperrucus

tiont by refining ax the »

By 1 imple scheme of Tig, 1yb.

)u- details of these refinements we shall not e‘gte? th ln:‘o
» p1eat part ol the Revoluti. b wons.
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Sun. He thus abolished at one stroke the most consi®
able complication of the motion of each planet on
old theory.

The Copernican system, then, in its broad out
assumes that the Earth and the planets all move 0.
the Sun in concentric circles, Their order of -
ment is shown in Fig. 14B, with Mercury traci v

~
7
“ep

Fic 14A. THE SysTEM oF THE Wored 1N Brow OUTLINES
According to the Greek and Medieval Astronomers
the innermost, and Saturn the outermost, circle. Th
Moon circulates round the Earth all the time that
latter is making its way round the Sun. The stars wer
thought to be situated at the greatest distance from th
central Sun. Whether {hcy were fixed to a sphere, ©
scattered through infinite_space, Copernicus seems t

have left as an open question.
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f breaking in preces. So that, after all, the Larth was
‘Juch more likely 1o be turning Whan the Ky 1 old
4 A we hae said, Copemictis did not forget his ol
Jromise to Pope Leo X that he would try to determine
e exact length of the year. Bus the task _Pf""‘d vather
ot Sificult than he might bave aquﬂ?“‘d' The
ouble is that there is more than one kind of year. On
“he one haod, there is the time in which the Sun appeats
‘e ot womphRe Dokt o the shy againse the stars
“ind to get back to his staing point (Chap. 3) We
“an all that the star year. On the other hand, there is
the per1od i which the seasons Tepeat themyelves—say
.the time from the beginning of spring, 1947, to the be.
franing of spung, 1948 This we cn cail the seasonal
*ear. The seasonal year is about 20 minutes shorter than
he star year. This it nat very much. But the difference
berween the results of recloning by one Lind of year or
by the other adds up with lapse of ume After two years
it is forey vunutes, after three years, an hour; aftet ses;
’cm)-ma years, a day, and so on Now the star year is
ithe easfer 10 measure, but the seasonal year 15 the more
iuseful 25 it ootresponds to the et of seedtime and
tharvest, and of the longest and shortest days.
s Howerer, Copermcus thought the length of the sea-
}soml year vaned very much He was Yed to this wrong
Ieonclusion by studying old, unreliable observations. As
swe hase alteady seen (Chap. 21, Copernicus tool. other
1 peopic’s observations av their face value, and he gavk
himself 2 Lot of neediess trouble 1n consequence. In thy
cse he filled pages of his Revolutions expluning how
the Earth, besider ratarng onee 4 day and. vevolving once
* year, must abso perform a sort of dauble wobble 30 as
toagree somehow with same daubtful ghservations af the
old Greek and Anaby astronomers
Sul, Copernicus found the lengths of the star Year
and of the seasanal year puetty accurately For examgphe,
his estimate of the star year, 365 days 6 hours § minutes
40 rweonds, was only about thirty seconds greater than
the true value. He also worked out what he took to be
the complicated “law" according to whick the Tengthy
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Thus we must distinguish the Coperhican «
the fruitful idez of a Sun-centered Unis¢rse, which
of permanent value—from the Copernican & -
mass of artificial “dodges” for representing the mot-
of the planets which was soon to be swept away
Kepler (Chap. 38). .

In order to calculate the sizes of thes¢ ‘arious p
etary circles, Copernicus made use of skilfully «
sets of obscrvations—his own and those of eatly .
omers. That was why he had to obsere thie sky for
self and why he manufactured instruments and st
his turret-observatory at Frauenburg.

Copernjcus was won over to his new A
charm of its great simplicity. But he knew thatity
be criticized by everybody as opposed to accepted ic
of mechauics, and contrary to common sense. 50 1 ‘\t
book he made a little list of the sort of objections
expected people to make, and tried to answer them
forehand. . "

For example, it would be argued that, if the E¥ o
turned round once in a day, we should all be cam
round towards the east at a great speed. It might be#
much as 1000 miles an hour if we lived neaf the Equaloh
Anything floating in the air, such as a cloud or 2 b"';‘
would be left behind, and would appear to US to X
traveling westward at a breakneck speéd Or if a chil
threw a ball straight up mto the air, 1t would come dow?
again some hundreds of yards to westward of the plaﬂt
where it was thrown. Copernicus replicd that the all
surrounding the Earth, together with the b.odx'cs Ilol“
ing in it, is largely carried round the Eargh in its dai
motion.

Then there was the argument that, if the Earth :.pm’
round at such a terrific speed, jt would bresk into piect
like a wheel that is made to revolse too fast. To thit
Copernicus replied that, if the Earth did nof rotate ""_E:
a day, then the sky must do 50 ta make ;hc. stats T
and set. And, because the sky is so much bigger thn‘n
the Earth, its surface roust be moving prapomo‘n:ncy’
faster, and therefore must be in much greater dangeyy

theory by
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breaking in pieces. So that, afier al], the Lath way
uch more hkely 1o be turning than the sky,

At we have a1, Copernicus did not forget his old
‘amise to Pope Leo X that he would try to determine
e evact length of the year, But the task prov ed rather
lore diMficult than he might have anticipated. The
wouble it that thete is more than one kind of year. ©n
he one hand, there is the time in which the Sun appears
pmake one complete areuit of the sky against the stars
nd to get back to lis saning point (Chap 3). We
b it that the star year. On the other hand, there is
Jhe period in which the seasons yepeat themsel es~say
the time from the beginning of spring, 1947, to the be-
ginning of spring, 1g¢8. This we can call the seasonal
¥ear, The wasonal year is abont zo minutes shoner ihan

he star year. This 38 not very much. But the difference
between the results of reckoning by ane kiad of yesr o
by (he other adds np with lapse of tume. After two years
Jt s forty munutes, after three years, an hour; after sev-
jenty twa yeags, 2 day, and 50 on Now the star year is
r,:lhe easier to measure, but the seasonal year 1s the more
,tful a8 it cotresponds 10 vhe return of seedtime and
-hanest, and of the longest and shorrest days. -
However, Copermcus thought the lengeh ol the sea-
sonal year varied very much He was Jed 1o this wrong
¢conclusion by studying old, unrehable observations. As
wehne already seen (Chap 21), Copernicus took other
peoplt’s observations at therr face value, aad he gay
hamssel{ 2 Y01 of neediess woebie in consequence, In this
jeae he Rilled pages of bus Revolutions explaining how
Elzhc Earth, besides ratating once a day and revolving once
§ lo):;:cm;::;;:m le?‘“m E) i;m :f douhle wobble so as
a3 ow with some doubtful o it
[ 02 Greeh and Arab astronomen bsers ations of the
) ?;\“. Copernscus Tound the lengths of the star year
*; ;‘l" ;{‘k\:;!t:wnz\ year presty accurately, For example,
3 £ of the star year, 463 4y © hours 5 minutes
5 40 seeondds, was only whout thity seconds greater \han
2 the true vatue, He also worked out whar he toal. to be
) the complicated “law™ according to which the length
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Thus we must distinguish the Copernican theory
the fruitful idea of a Sun-centered Unnierse, which
of permanent value--from the Copernican system~tl
mass of artificial “dodges” for representing the motio
of the planets which was soon to be swept away 1
Kepler (Chap. 88)

In order to calculate the sizes of these various pla
etary circles, Copernicus made use of skilfully combine
sets of observations—his own and those of early astro:
omers. That was why he had to observe the sky for hir
sell and why he manufactured instruments and set u
his turret-observatory at Frauenburg.

Copernicus was won over to his new theory by t
charm of its great simplicity. But he knew that it woul
be criticized by everybody as opposed to accepted ide:
of mechanics, and contrary to common sense. SQ inn
book he made a little list of the sort of objections b
expected people to make, and tried to auswer them
forehand. )

For example, it would be argued that, if the Eart
turned round once in a day, we should all be caruel
round towards the east at a great speed. It might be 2
much as 1000 miles an hour if we lived near the Equn_im
Anything floating in the air, such as a cloud or 2 bird
would be left behind, and would appear to us to b
traveling westward at a breakneck speéd. Or if a chil
threw a ball straight up into the air, 1t would come dowt
again some hundreds of yards to westward of the plact

where it was thrown. Copernicus rephed that the ail
surrounding the Earth, together with the bodies float
ing in it, is largely carmied round the Earth in its daily
motion.

Then there was the argument that, if the Earth spun
round at such a terrific speed, it would break into piects
Jike a wheel that is made to revolie too fast. To thi
Copernicus replied that, if the Earth did not rotate onc
a day, then the sky must do so to make the stars it
and set. And, becanse the sky is so much bigger than
the Earth, its surface must be moving pmponion:ncly
faster, and thercfore must be mn much greater danger
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of the seasonal year varied. He improved, too, on |
accepted values of the various periods connected »
the Moon. Thus he kept his promise to the Pope; 3
his results were used, later in the century, in the refo
of the calendar.

32. The Size of the Universe

One of the chief problems that the astronomer is ¢
pected to solve is that of Fnding how far the hemen
bodies are from the Earth, and how big they are.

The first thing that had to be done was to find o
how big the Earth is. The ancients used to measure t!
elevation of the midday Sun above the horizon from tv
stations, one due south of the other. From the differeni
of the two elevations (taken on the same day) and it
distance between the stations, they could work out th
size of the Earth by doing a sum in propartion. Th
was done in Egypt about 250 B c.; and it gave the radit
of the Earth with a fair accuracy.

Using this radius as a yardstick, the Greeks next trie
to find the distances of the Moon and of the Sun. !
theory, their methods were sound, and they obtained
good value for the Moon's distance—about sixty time
the radius of the Earth But their observations were no
sufficiently refined to give them the Sun’s distance. The
concluded it was about 1200 times the Earth's radiw
whereas actually the number should be about 23,000

To arrive at the distances of the planets, the ancient
resorted to mere guesswork. For example, it was somt
times supposed that these distances stood to one anothe
as the lengths of a harp string giving notes which woul
sound together as a musical chord. Later on it was recog
nized that the distance of any given planet from tht
Earth varied within certain limits. There thus arose the
idea that the greatest distance of any planct from tht
Earth must be equal to the least distance of the planet
next outside it. Thus the greatest distance of Mars _ust

.
~



1 equal to the least distance of Jupiter, The idea was .

hat nature would never allow uscless, empty spaces in

he Universe, -
Copesnicus looked iuto all these traditions concern-

ng the distances of the hesvenly bodies, He worked out

\resh, the distance of the Moon from his own observa

\inas, arriving 2t a value of 6o 3o Earth's radii as agaimnt

the modern value of o.27. He Tepeated Prolemy's caley-

fation of the Sun’s distance, but [aled to improve upon

L However, s Tegards Hinding the distances of the planesy
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~the raii of the circles they describe round the

Sun—
::namhgds_ used by Copernicus were a vast improve-
b 3 :_l;h his values differ but lule {rom those accepred
° Y. Thus, taking the radius of the Farth's orbu as
the unit bf Yength, Copernicus gives the radius of the
orbit of Mars a4 1520 (modern value 1.524), and that of
Jupiter as x.219 {modern value 5 203}
ouThe method employed by, Copern w10 the

hstances of the planets is applied # ' §

aronmny, It depends npur? p‘ ‘;:;;:i;l:n:‘:ic:al;}:
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of the seasonal year varied. He improved, too, on
accepted values of the various periods connected s
the Moon. Thus he Lept his promise to the Pope: «
his results were used, later in the century, in the refor
of the calendar.

32. The Size of the Universe

One of the chief problems that the astronomer is &
pected to solve is that of finding how far the heaven!
bodies are {rom the Earth, and how big they are.
The first thing that had to be done was to find ot
how big the Earth is. The ancients used to measure th
clevation of the midday Sun above the horizon from tw
stations, one due south of the other. From the differenc
of the two elevations (taken on the same day) and th
distance between the stations, they could work out th
size of the Earth by doing a sum in proportion. Tht
was done in Egypt about 250 s.c.; and it gave the radiv
of the Earth with a fair accuracy. .
Using this radius as a yardstick, the Greeks next tri&
to find the distances of the Moon and of the Sun. It
theory, their methods were sound, and they obtained !
good ‘value for the Moon’s distance—about sixty time
the radius of the Earth. But their observations were no
sufliciently refined to give them the Sun’s distance. The
concluded it was about 1200 times the Earth’s radius
whereas actually the number should be about 23,000.
To arrive at the distances of the planets, the ancient
resorted to mere guesswork., For example, it was some
times supposed that these distances stood to one anothe!
as the lengths of a harp string giving notes which would
sound togcther as a musical chord. Later on it was recog-
nized 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 planet from the
Earth must be equal to the least distance of the planet
next outside it. Thus the greatest distance of Mars must
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Loparent shift in the positions of the stars. Iy might well
*ky less noticeable tham for 1he planets, becaute l’he stars

e fanther away; but it would be worth looking for.
4Zaw, 1n the time of Copernicus, nobody had ever been
f1tle 1o discorer such an annual shift, or parallay, in
+25 stars; and that was one of the main reasons (and the
{foundest reason) why had always ma d
inhat the Earth did not move.

& Copernicus surmounted the difficulty, for the time
iwing, by saying that the stars were so far away that the
arhuft they showed was too small to be noticed. That
iaeemed a teasonable excuse 1n those days of crude instru-
isxnents But the years passed, and, with the introduction

ool the telescope, methods of observation became wore

4 and more refined, yet sull no parallax of the stary was

wobsened. Evidence kept accumulating n favor of the

r+:Copernican theory; but the absenee of star-parallax re-
emained a black spot until just over a cenwury ago, when
yrminute shifty were detected in several of the nearest
<520, and the Copernican theory was Anally established.

33. Copernicus the Man

Whea we trn rom tracng the hie-story and exploring
“the waitings of Copernicus the astronomer to auempt
e assessment of hum as a human being, we seck in
13in for the sort of material upon which such judgments
1€ wont tg be based. We bave nothung in the way of a
hmgr:\p!:y of the man, written by ore who kuew him
7 y, an ining those lictle 1 uct
which often help us 1o undersand the freat n;::uo( l‘?i:.
Past. Even more serious s the almost complete disappear-
;nrc af the correspondence of Copermirus—the letters
le exchanged with his family and friends, or with the
eamed men of bis day. This carrespondence was long
preserved at Franenburg; bt at some time or other it

,thared the common fate, of was perhaps fiched
Copernican scholar whose zeal uﬁ::znphis honest\;z e
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cropping up in the arguments of that period for
against the motion of the Farth, Hence we had b
try to explain it once for all,

We have already had one example of the prind
Copernicus used it when be argued that any motion
the Earth would male eserything outside the Fa
appear to travel in the opposite direction (Chap. 31}
It is the experience we have whenever we look out
the window of a moving railway-carriage. Objects by
lineside show a steady alteration in their direction
seen by us. They also change their grouping, becau
the nearer an object is, the more jt appears 1o be affecs
by our motion. In fact, we could roughly judge the dn
tance of an object by finding how much its direction?
altered by our traveling, say, a hundred yards.

‘This is actually done in surveying, A well-known prob
lem is that of finding the distance, say, of a tree on th
far bank of a river which cannot be crossed (Fig 13)
The method is to measure out a base-line AB on
near bank of the river, and then with a theodohie, o
some such instrument, to measure the bearing of the t1ee
C, first from A and then from B, that js, to measure tht
angles BAC and ABC. Knowing these angles and tht
length AB, we can “solve” the triangle ABC and find tht
distance of the tree from A or B.

Let us think of A and B as two positions of the Larth
in its orbit on two diferent days af the year, and C
the position of a planet. Then that will give us a rough
idea of the way in wiich Copernicus made use of the
motion of the Earth to determine the distances of tht
planets. Of course, hus problem was more complicates
because the planet 1s moving as well as the Earth; and &
is the planet’s distance from the Sun and not from the
Farth that is wanted. But the same principle holds goud-
that the nearer a thing is, the more its apparent direcrion
is altered by a given shilt in the position of the obserser.
Such a change in the apparent direction of a thing pro-
duced by the mation of the observer is called parallax.

But there was another way.in which the same principle
could be applied. If the Larth really traveled round the
Sun once fu 2 year, this motion ought to produce an

N
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cropping up in the arguments of that period for a
against the motion of the Earth. Hence we had b
try to explain it once for all,

We have already had one example of the prind
Copernicus used it when he argued that any motion
the Earth would make everything outside the Ear
appear to travel in the opposite direction (Chap. $1)
It is the experience we have whenever we look out
the window of a moving railway-carriage. Objects by th.
lineside show a steady alteration in their direction
scen by us. They also change their gronping, becau
the nearer an object is, the more it appears to be affected
by our motion. In fact, we could roughly judge the di
tance of an object by finding how much its direction ¥
altered by our traveling, say, a hundred yards. .

This is actually done in surveying. A well-known pro
lem is that of finding the distance, say, of a tree on he
far bank of a river which cannot be crossed (Fig. t5)-
The method is to measure out a base-line AB on tht
near bank of the river, and then with a theodolite, ot
some such instrument, to measure the bearing of the tree
C, first from A and then from B, that is, to measure the
angles BAC and ABC. Knowing these angles and the
Iength AB, we can “solve” the triangle ABC and find the
distance of the tree from A or B.

Let us think of A and B as two positions of the Earth
in its orbit on two different days of the year, and C 2
the position of a planct. Then that will give us a rough
idea of the way in which Copernicus made use of the
motion of the Earth to determine the distances of tht
planets. Of course, his problem was more complicated
because the planet is moving as well as the Earth; and it
is the planet’s distance from the Sun and not from the
Earth that is wanted But the same principle holds good,
that the nearer a thing is, the more its apparent disection
is altered by a given shift in the position of the obserier.
Such a change in the apparent direction of a thing pro-
duced by the motion of the observer is called parallax.

But there was another way in which the same principle
could be applied. If thc.EarthvrcaHy traveled round the
Sun once in a year, this motinn aucht to praducs an
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We turn to the various portraits of Copernicus wh' 3
have come down to us and for whose authenuicity v
ing claims are made. These portraits bear a general l
ness to one another., They reveal a man in the pri
of life, of somewhat harsh features, with thick, sh
hair, a brooding expression, and a penetrating glance.

Perhaps we can learn most about the character 2.
disposition of Copernicus from his life-story itself, studi
against the background of his age. In our day am"
usually makes a name for himself by excelling in so.
limited sphere of actwvity, such as scholarship, soldieri
or politics, art, money-making or sport. Few people thin
any the less of such a man if he is grossly ignorant cor
cerning everything outside his chosen field, and almet
inarticulate even about his special interest in life. But
when Copernicus lived, a different standard prer.lilfd-
especially in Italy, where he spent some of his most in
pressionable years There a man was judged by the rang
and balance of his interests and attainments, by his abil
ity to give distinguished artistic expression to whatevet
was in him, by his wisdom in the councils of the statt,
by his contributions to the useful arts, by his Ph)"ul
vigor manifested in sport and war. This ideal of ma™
hood was largely realized in such men as Leonardo &
Vinci and Philip Sidney. Its inspiration can be traced in
the character and carcer of Copernicus as we recall ot

of the aspects of his many-sided achievements.

To what we have already written of his labors in astrot
omy it may be added that he had formidable difficultits
to overcome in this science. For example, the old obsen3
* tions were dated according to calendars whose relations
to the Christian calendar were somewhat obscure. A
that had to be cleared up so that the exact number of
years, days, hours, etc., between, say, two eclipses of the
Moon could be known. Again, the modern astronom¢!
can lighten the burden of computation by using lo,';nrjlh'
mic and other such tables, or by operating a calculating:
machine. But Copcml'cus’lmd to work out every !;mbk.m
using only the clumsy nr.llhmclic:xl mc:xlmds :wa:h}:lc in
his day. ile was also without those invaluable aids to
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spsmuision in astronomy, the telescope and the pendatum-
dlock.

1n mathematics, he was something of a pioneer, The

1ers on triganometry occupy only a few pages of the
T erolutions. But they contained matter which would be
nes 10 miny European mathematicians; and their im-

yporunce amply Justified dheir separate publication by
Rk

#Rhencus.

Ralancing his devotion to astronomy and muthemavo,
the other imerests of Copernicus reveal the versatility so
much admired 2mong the men of the Renaissance. He was
3 hnguist knowiag at feast Polish and German (and prob-
ahly {alion) together with Latin and Greek {and perhaps
Helrewy . He was, indeed, one of the few Greek scholare
<f fus 53¢ in the pant of the world where bis fater yeary
were spent. s awainments in theology and Chureh law,
25d in mediaine, would have carried him high jn either
srolession had he siof valued his frcedom and independ-
'nce mote dearly than wealth or preferment. It cannot
be pretended shat he was filled with the hesoic devation
to his sacred ealling which has inspired the saint in sl
ages, Nowadays, be would be contidered 2 mare suitable
andidate for 2 college fellowship than for Holy Orders.
Butin his own age he must have passed for an exception-
ally £: e spech of the ood

Another phase of the gemus of Copernicus is revealed
#m his cominbutions to economic theory, and in hus activ-
Hies as an administrator Hs hiterary powers found scope
in hus translanons of the poems of Theophylactus; they
arerevealed more impressively 1n the exceilent diction of
the Revolutians ¥e may well have been something of 4
poct: though the Latin poem of the Seven Stars, dealing
with the early e of aur Lord, and once attributed to
Copernicus, is now thought to be by another hand. As
2 young man he dabbiled w geography, later handing
Tt work oer 10 Rbeueus to Ganh. Copernicus also won
3 measure of {ama 2y an A, and he i said to have
painted his own portraits though onty 2 copy of this work.
Termains, decorating the aswonomics! dock of Strashourg
Cathedral,

“This universal culture which ~cht’m‘xcus absorbed dur-



120 THE MAN AND HIS WORK

We tarn to the various portraits of Copernicus v
have come down 1o us and for whose anthenticity
ing claims are made. These portraits bear a general
ness to one another. They reveal a man in the pr’
of lile, of somewhat harsh features, with thick, ¢
hair, a brooding expression, and a penetrating glanet

Perhaps we can learn most about the characer o
disposition of Copernicus from his life-stary itself, studid
against the background of his age. In our day a mA!
usually makes a pame for himself by excelling in o’
limited sphere of activity, such as scholarship, soldieri§
or politics, art, money-making or sport. Few people thirk
any the less of such a man if he is grossly ignorant o
cerning everything outside his chosen field, ant atmod
inarticulate even about his special interest in life. BY
when Copernicus lived, a diiferent standard prt\ni!{
especially in Italy, where he spent some of his most I
pressionable years, "There a man was judged by the rang’
and balance of his interests and attainments, by his abik
ity to give distinguished artistic expression to whatewt!
was in him, by his wisdom in the councils of the 5{‘“’
by his contributions to the useful arts, by his ph)sxtﬂ
vigor manifested in sport and war. This ideal of ma™
hood was largely realized in such men as Leonardo d
Vinci and Phulip Sidney. Its inspiration can be traced i
the character and carcer of Copernicus as we recall Somf‘f
of the aspects of hus many-sided achievements. |

To what we have already written of his labors in astro™
omy it may be added that he had formidable difficuluiet
to overcome in this science, For example, the old obseryt
tions were dated according o calendars whose relationt
to the Christian calendar were somewhat obscure. Al
that had to be cleared np so that the exact number of
years, days, hours, etc., between, say, two eclipses of the
Moon could be known. Agzin, the modern astronomt?
can lighten the burden of computation by using logarith
mic and other such 1ables, or by operating a catendating
machine. But Copernicus had to work out every problem
using only the chumsy nr‘ithmclicnl mc}ho(ls avai)a?;l: in
his day. Ile was also without those invaluable aids to
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asked conterning his race and nation, he might hase
zephied that he was a Joyal son of the Chureh, but other
wise wonld scarcely have understood the questions.

Even for us today it it not an €asy question ta INIWCL.
“Torun was founded by Germans; its Jeading citizens, like
thove of Cracow, were oostly Germans, Hente the astron-
ammer may well have been of German extraction, The poy
sible connection of the family on both sides with Silesia
does not prove much either way for jtg popuhtian was a
mived one. O the other dund, the ancesters, especially
on the {3thers side, must hase lived for so many generas
tsons under allegiance to the King of Poland as to be, for
Al practical purposes, Poles. And Copernicus {ollowed
the family traditton in siding with the Poles against the
Germans m umes of arisis, fn any case, it way Foland,
and Cracow abose atl, that first nourished the youthfal
genius of Coperntcus. And since his death it is chiefly the
Poles wha have glaried 1n their share in him, and have

herished the renown tus achievements have brought fo
their heraic and sitstarred pavon.
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ing his Jong student years did not make him a bookwom
or a walking encyclopedia, or a mere dreamer. His ~
was no scrapbook, but a chest of tools tempered by philo
ophy and sharpened by intercourse with the choice spirit
of many nations. He returned from Italy equipped nc
only with the learning, but also with the knowledge ¢
human nature and affairs which he would need 1o pla
the active part in peace and war assigned him by destiny
‘The whole story of the man speaks to us of his indcpend
ence of mind and self-rehant tenacity of purpose. U
moved by the prejudices or the convictions of thos
around him, without the solace and counsel of lke
minded friends or the stimulus of active controversy wil
opponents, he pursued his solitary purpose for a generz

_tion, seeing it brought to fruition only in the last hour
of his life.

It is natural in these days that attempts should be mad
to relate the aclhitevements of Copernicus to the circum
stances and needs of the society in which he lived Fo
example, there is an obvious significance in the stirring
of interest in astronomy during a great age of ocea
navigation. Other such cross-links between the astron
omer’s career and his social background may have sug
gested themselves to the reader. But the hour awaits th
man; and, when all has been said, the secret behind tht
achievements of Copernicus remains part of the mysten)
which enshrouds the genius of all the great pioneers wh
have turned human thought into new channels.

There has been much argument as to whether the Kop

rnigks were Poles or Germans. Generally speaking
Polish scholars claim the great astronomer for Poland
while the Germans mamntain that he was one of them
selves, For Copernicus himself and his contemporarie
the dispute would have had very little meaning. Tht
division of the seamless garment of Christendom into sep
arate nations or sovercign states, 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
hoasts of racial “purity".or "suncn_orny," is something
that has come up practically within the memorics of
people still alive. Hence il the astronomer had_ bera
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sked concerning his race and nation., he might have
eplied that he 1735 2 loyal son of the Church, biut ather-
xise would scarcely have undersiood the questions.

Esen for us today it §s not 2n eayy question to answer.
Torun was {ounded by Germans; its Jeading citizens, like
those of Cracow, were mastly Germans. Hence the astron.
omey may well have been of German extraction. The pos-
sible connection of the fannly on both sides with Silesia
does not prove much esther way for its population was 3
seixed one. On the other hand, the ancestors, especially
on the father’s side, must have lived for so many genera-
tions under allegrance to the King of Poland as to be, for
alf practical purposes, Poles, And Copernicus followed
e family radition in siding with the Poles against the
Germans in times of aisis. In any cse, 1t was Poland,
and Cracow above all, that first nourished the youthful
genfus of Copermicus. And since his death it is chiefly 1the
Poles who have gloried in their share in him, and ‘;x:ne
chenshed tha senown hus athitvements have brought w0
their heroic and dil-starred naviog.
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he gradual tri-
o, we shall have 1o vecord, not only the gradua

mph of the idsas of Copernicus, but abo their c:g;‘:g‘
ent and transformation in many ways that B e tad.
ane [oreseen, and wauld not always have 1ik ld e i

The Revolutions, when it was fisst publithe écm‘;snd
ut little excitement. Very few peaple could un c(rls‘h

. Those wha could were mostly astronomers. An . ey |
2w int the book merely a new way of constructing p! ancl-‘
ary tables, which was what Osiander in his Preface ha
declated it to be (Chap 30). The Catholic autharities
ook 1o action against the Copernican theory, as sudh,
for about seventy years. But the Protestants, bzgmnmg.
nith Luther, critinzed it sharply, as we have seen. They
had revolted agamst the authority of the Pope and the
Counals of the Church 1o 1ake their stand on the words
of Seriptuse, So they were yery nervous about any teach
ing that seemed to contradict the Bible They brought
forward 1exty that seemed 10 1mply that the Earth stood
sull while the Sun moved across the sky—for instance,
that the Sun “rejoiceth 25 a strong man to TuUR 3 Tace
(Ps. XIX, 5), that it “returned ten degrees™ on the sun
dial of Ahaz (fs. XXXVILL, 2); and that Joshaa com-
manded the Sun (not the E;nh{ to “stand still” {fos, X,
1213} But in 1345 Luther had but three years to live.
And the Protesiants, being themselves 2 new movenent
which had come into bemng through 2 revolt against
authority, were nat 10 a sery strong position to check
ather new moyements

Tn fact, curlously enough, some of the earliest duscipley
of Copernicus were Protestants, The fixst disciphe of all,
Rheticus, was, as we have seen, 2 professor at the Prot.
etany U y of Wikenberg Melanchthon had
founded wo Charrs, or professorships, of Mathematics at
Witenberg, The junior professor was Rheticus. The
senjor Chanr was oécupred by ane Erasmus Reinhold: and
he, 100, 10 2 Qufferent way, played 2 part in establishing
the Copermean theory

Already, 1 2 book brow

ght out in 1542, Reinhold
refers to Copernicus (then still alive) as a “secon

Prolemy.” Whether, in fact, Reinhold way realiy 2 Coper-
Rican, we anrot be sure. Iy was Part of his duties to



PART THREE
The Triumph of the Copernican Theory

34. The First Reaction

In these concluding chapters, we shall try to round off the-
story of Copernicus by giving some account of how hs
main ideas have come to be accepted as true. It is,
course, impossible to say how long this process took 10
accomplish. There were some people who accepted the
Copernican theory right away. On the other hand, there
may still be some cranks who maintain that the Earth i
fixed in space and that the heavenly bodies revolve rount
it. But we shall not be far wrong if we assume that the
last traces of serious opposition were swept away by New .,
ton. And as his great book appeared n 1687, we mdf
perhaps, take one hundred and fifty years as roughly the ,
length of this important stage in the growth of astronomy.

That the process tool as lang as this was due mainly
to two causes. In the first place, we cannot prove the
Copernican theory to be true in the simple, straightfor
ward way in which we “prove” a proposition in Enclid
It was a matter of interpretation and of the piecing to-
gether of indirect evidence. On the other hand, the ide2
of a moving Earth conflicted both with the prejudices of
common stnse and with religious beliefs expressed in
terms of the older view of the world.

Into this period of about a century and a hall great
events were crowded, giving it something of the quality
of a breath-taking drama moving relentlessly to its ap-

pointed fulfilment. And as we follow the unfolding of the
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land ay elsewhere n western Europe, Angd just at this
o¢riod there were several brilliant wriers on scientific
ubjects, some Writing in Latjn for schol.urs, but some
o 1n English for the common people, It i 1 ths works
1 these men thay ye hase to lool, for the earliest refer.
,~TICes 1o the Copernican theory in England.
In the firss Place there was Robert Recorde; the rong)
Physician to Queen Mary, that daughter of Henry vt
under whom England returned in some measure to the
i being a4 doctor, Recorde was one
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lecture on astronomy at the University; and of cours ke
was expected to teach the Ptolemaic system of astronem:.
‘The textbooks that he edited for his students and that
have come down to us were also treated from the san¢
point of view. Hence, if he accepted the Copernicat
theory, he must have kept his opinions to himsell. Bu
at least he understood the advantages of the Copernicat
scheme as a basis for constructing planetary tables. And
in 1551 he brought out a set of tables based upon thos it
the Revolutions. The cost of printing them was paid by
Duke Albert of Prussia (the former Grand Master), »
whose honor they were called the Prussian Tables. Ren
hold enlarged the tables of Copernicus and corrected &
Iot of ships. But even the revised figures suffered from
same drawback as all other such tables down to thit
period~they were based upon too few and too crude
observations.

However, with all thew faults, the Prussian Tabla
were more accurate than any that had gone before. And
they remained unsurpassed for nearly 8o years; in fact,
until the appearance of Kepler’s set, based upon a com
pletely reformed theary of the planetary motions. The
Prussian Tables did not, indeed, owe their superionty
directly to their being based upon the “Sun-centesed
theory rather than the “Earth-centered.” But the it
that they were superior brought them into general ust,
and advertised the Copernican theory in a favorable light-

35, The Copernican Theory in England

Copies of the books of Copernicus, Rheticus and Rein-
hold, circulating all over Europe, made the Copernican
theory generally known among those interested in such
" matters. Nowhere was its influence more jmmediately
and remarkably shown than in England. A greater free-
dom of opinion prevailed there than on the Continent.
The influence of the earlier Greek thinkers had not been
so completely overshadoned by that of Aristotle in Eng-
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and 2 elsewhere jn western Europe. And just at fhiy
seriod there were several hn\.ham writers on scientific
mbjects, some Writing in Latin for schol:-nrf, but same
alio in English for the common people. It is in the works
of these men that we have 10 Jook for the earliest refer-
pnces to the Copernican theory in England.
Y n the first place there was Robert Recorde; the royal
Physitian 10 Queen Mary, that daughter of Henry VIIU
undec whom England returned n Some mieasure to the
{Catholic Laith. Besides being a doctar, Recorde was one
fo( she few Greel scholars of his day. He was also 2 brit
{liant mathemariaan; and his hnowledge of the Greed
“tongue enabled him to Tead some of the great old mathe-
Ymatical and astronomical baaks w the original Greek,
$44d to all 1his that he was one of the pioncers in maoders
{methods of teaching science to beginners. Recorde turned
fall these qualifications ta good account by writing 2 ser
“of textbooks on mathematics. They were meant 10 be of
4 e to intelligent artisans who knew no Laun, and they
“were therefore written m the picturesque English of the
time, They also fored a complete senes, beginning with
sy arithmerie, and gomg on through Euchd and algebra
to astronomy The hooks were made more readable by
Being written in the lorm of dizlogues between a Master
20d 1 Schalay, and they bore quaint tisles.

e dialogue dealing with astronomy was called The
Castle of Knowledge Here the Master gues Prolemy's
arguments that the Eaxth 1s at rest at the middle of t{\e
Universe, He adnts that other men have been of a differ.
ThLupnion, among whom be names Philolaus (Chap e
Aristarchus (Chap 10}, and Copermicus, “a man of great
leamung, of snuch expenience and of wonderful diligence
n ohservation,” who has declwred “that the Eatth pot
auly moveth arcularly about hus own center, but alo
ay be, yea and js, continuathy o of the precise center
ol the world 38 hundred tousand miles” The Scholar
I inclined o nducule this view, but she Master tells him
e matter 15 beyond his present understanding, and bids
bim “condemn nothing that you donat well V:t'lef“md "

+ He promises, on some future occasion so 1o set forth the
view of Copermcus “that yau shall not only wonder 1o



128 THE TRIUMPH OF THE COPERNICAN THEORY

hear it, but also peradventure be as earnest then toer
it as you are now to condemn it.” So, reading betweent
lines, perhaps we can hail in old Robert Recorde
first Copernican of the English-speaking world. The due
of his book is 1556, or thirteen years after the Revolutions
. There were other writers of the period who were ledt»
take an interest in the Copernican theory through the use
they made of the Prussian Tables of Reinhold (Chap
34). Among these was the Yorkshireman, John Field,
who, in the same year1556, published an Almanac giving
the places of the Sun, Moon and planets for the ensuing
year. He praises the “Herculean labors” of Copernicus;
and he justly claims that his own almanac, based on Rein-
hold, is a great improvement upon the others then in us¢
in England. But he does not say whether he accepts tht
Copernican theory as the really true picture of the
Universe. .

Some people thought it quite likely that the Larth
turned round daily on its axis, but were not so sure
about its revolving yearly round the Sun. We find this
attitude in another English royal physician of the six
teenth century~William Gilbert, Queen Elizabeth’s doc
tor. Gilbert was a pioneer in a movement which becan¢
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 se¢-
ing 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 tittle
was known in his day. His great book, setting out the
results of nearly twenty years' work, was published in
160c.

The magnetic compass ncedle was indeed known 'in
those"days and was used by sailors, Gilbert explained its
properties by supposing that the whole Earth was one
Tge magnet, to the two poles of which the needle always
poimed. He pcrformcd the experiment of !I'onurfgn mag-
net on 2 little raft on water, and watched it spin round
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hear it, but also 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 old Robert Recorde the
first Copernican of the English-speaking world. The due
of his book 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 Tables of Reinhold (Chap.
34). Among these was the Yorkshireman, John Field,
who, in the same yeari556, published an Almanac giving
the places of the Sun, Moon and planets for the ensuing
year. He praises the “Herculean labors” of Copernicus;
and he justly claims that his own almanac, based on Rein-
hold, is a great improvement upon the others then in us¢
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 Larth
turned round daily on its axis, but were not so sure
about its revolving yearly round the Sun. We find this
attitude in another English royal physician of the six-
teenth century—William Gilbert, Qucen Elizabeth’s doe
tor. Gilbert was a pioneer in a movement 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 see-
ing for ourselves how things behave under conditions that
we can control, instcad of arguing about how they ought
to behave, Gilbert applied this method of experiment to
the study of magnetism and electricity about which Tittle
was known in 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 on¢
huge magnet, to the two poles of fv)nch the ncc.dlc always
pointed. He perlormed the experiment of floating a mag:
net on a little raft on water, and watched it spin round
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center about which the whole turned, then that part:
would have an infinite road to travel, 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 snd} thing as an infinite speed; so the Universe could
not be infinite. This view generally prevailed throughout
the Middle Ages; and Copernicus himself did not try to
- upset it. In his diagram of the Universe, upon which our
‘l""lg. 1413,' is based, there is an outermost circle labeled
the motionless sphere of the fixed stars.” Whether that
was the limit of the Unixerse or not, Copernicus was cox
tent to leave as an open question to be debated by “phi-
losophers.”

However, one result of the revival of ancient learning
at the end of the Middle Ages was that people rediscov-
ered the old Greck questionings about whether the Uni-
verse was infinite. And Copernicus, by transferring the
daily rotation from the heavens to the Earth, destroyed
the force of Aristotle’s argument. For there was no reasot
why the Universe should not extend without limit in all
directions provided it was not expected to turn round
once in a day. In fact, one of the most striking develop
ments of the generations immediately following Coper-
nicus was the growing tendency to regard the Universt
as infinite.

This old idea scems to have been revived by another of
the early English Copernicans, a distinguished scientific
writer called Thomas Digges. He published an almanac
in 1576 containing, among other things, an explanation
and defensc of the Copemican 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, wha
is of even greater interest, this diagram shows the fixed
stars as no longer confined to a sphere. Instead, they oc-
cupy a region extending outwards in all directions to an
infinite distance from our system. That system, 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 stage in the



A NEW sTAR Anp A CrraT OrSrRveR 133

this woulg be eacity Teasurable, Bug ghe st
s uf ¢ 1€ period (among them
0

2.
0 the trym, the Coper.
heory even ough, Strangely enough, he dig not
beliese in g

™ in yy 06, the son of 2 no!
the roung of Rorthern unnersiy, © prepare fqp E
Greer i Politicy, p,, © Neglecteq 16Cts he ya
$Upposeq 10 b stud Ng order (o devote is ays angd
vights 1o tr ad CTude, hop, “nade jn.
Humenyy, bug g, to g 1M hioy, INxecurgte
here th, plnncmr) tables of ypy m ~€ven Prussign
Tables (Ch 34
his feturn (g p,

st

o
abo, inap oulhuilding
of the house Where he wa, Saying g, Was while Teturnjy,
h ?

the bnyf) ew
ycha lay AT 1n the auempu to Cstimaye
its digy, nee, shoy,j, /4 the esy; gcn:r.:lly weny g
Prove thy the obyj, bc!onged 10 the s and poy ©
our tmosphere, 7, lter yoqps he Showed o, ot
whi, 2d Iikey;, Tegardeq Te
Plosions, Were i



152 THE TRIUMPH OF THE COPERNICAN THEORY

bodies are made of white-hot gas. It would not be

to say, as is sometimes said, that Bruno was burned ali
for being a Copernican, Nevertheless, his fate chilled
hearts of otker supporters of the theory, and checked if
spread for a time in Cathalic countries, c

i

37. A New Star and a Great Observer °

Tt sometimes happens that a faint, almost unnoticeable
star suddenly fiares up to rival in brilliance the nightswes
Sirus and Vega, or the planets Venus and Jupiter. Suct
an event has occurred several times during the ; !
century, giving rise to what is popularly called a "n¢¥
star.” Whenever anything of this sort happened, the
early astronomers used to say that it could not be asah
because Aristotle had declared that 2 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 surface.

In the autumn of 1572, ane of these new or (s we
preler to call them) temporary stars flashed out in the
northern sky. The event was of historic importance, 18
the first place, the star was the brightest object of its Mn
of which we have any record, being visible in broad day-
light. Secondly, the interest it aroused started develop
ments which greatly helped towards establishing the
Copernican theory.

All over Lurope astronomers hailed the appearance of
this brilliant object. Then they set to work to measurt
how far away it was. For this purpose they made use of
the principle of paratiax that we have already :xpl.uned
in Chapter gz. They argued that, if the object was near
the Earth, then as it passed across the night sky it ought
10 shift its position in relation to the stars which appearts
1o surround it. Even the Moon shilts through a whole
degree as it passes from the zcnith to the horiron. If the
new star were nearer us than the Moon (as way thought
likely), then it shonld shaw a greater shift than one de-,
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and this would be tasily measurable, Dot the most
ﬁl%‘fu\ astronomical abeerers of the period {amang E}wm
andishman, Thomas Digges) tould detect no «hift at

2L This mieant that the pew <tae was much firther awiy
from us than the Moon, And since it did not share the
| mations of the planets, it must belong to the region of

take place, and nothing new could come into being. 'ﬁns
contradiction of ane of Anstotle’s fundamental principles
* "elped towards the overthraw of the older astronomy,
ind the rise of the modern science of the heavens

Howeser, the new star of 1352 hay a second claim to
slace in our story. Its dramntic appearance rousesd to
acusity the man who proved. next to Copernieus, the
Rreatest astronomer of the sixteenth centucy. This Was
Tycho Brahe, the Dane, In some respeces. aotably at an
obsener, Tycho was perhaps an even greater man thun
Copernicuy He certaily enjoyed more favarshle conde
tams for bus work However that may be, Tycho made an

nezble contribudion o the trivmph of the Coper.
nicm theory even thouph, strangely enough, he did not
beliese in it}

Barn in 1546, the son of 2 nobleman, Tytho was sent
the tound of the northern umversites 10 prepare for 2
areer in politics. Bur he neglecred the subjects he was
supposed 1o be stadying 1 order to devote his days and
mghts to astronomy He had only crede, homearade m.
strumenms; but they sufficed to show him haw inaccurare
were the planetary tables of the period~even the Prusuzn
Tables (Chap 34) based on the wor), of Copernicus. Afrer
his veturn to Denmark, Tycho dnfted inta the study of
themistry, and he fitted up a laboratary in an outhuilding
of the house where he was stay e

jing it was while retuming
thence one November evering in 1572 that he case his

£yes up ta the sky and beheld1he brilthant pew star,

N Tycho played a leading part in the attemnis 1o estimate
it distance, showing how the resulta generally went o
prove that the object belonged 10 1he hravens and hot to
our aunosphere, .ln after years he showed that camets,
which had Tikewise been Yegorded 23 mere atmospheﬁé
explosions, were in seality heavenly bodies, And he

| the fixed stars where (3t was Lelieved) na changes could
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pointed out that, since comets wander about freely i
regions supposed to be occupied by solid spheres carmyin
the planets round, therefore these spheres could not hn
any real existence.

The fame of Tycho Brahe came to the ears of the Kiz
of Denmark who established him in a magnificent obsen
atory on an island in the Danish Sound. Here he Iaborz
for over twenty years, helped by his growing family anc
by a band of assistants. His special task was to obsern
the Sun, Moon, and planets in their courses round th
sky, recording their positions at frequent intenals ove
many years. He knew that only by comparing together :
great number of such recorded observations would it Ix
possible to construct an accurate planetary theory (Chap
10}, and to calculate relmable planetary tables. The grex
weakness of the Copernican system, and of the table
caleulated from it, was that it was based upon so fev
observations. Even of these, some were probably spurious
and none had been made with accurate instruments
Tycho planned and constructed his own instruments; hit
equipment and methods of observing were a great ad
vance on those of earlier astronomers.

Tycho Brahe had a deep respect for Copernicus and
admired his system as a beautiful piece of geometry. But
he could not bring himself to beliexe that “the gross
slothful body of the Earth” could possess any motion q!
its own. He was driten to this view, both by the princ
ples of physics accepted in those days, and by the author-
ity of the Bible, which scemed to teach that the Earth
was at rest.

Then there was the old question of parallax~the an
nual apparent shift in the star-places which should be
produced by the Eartli's revolution about the Sun (Chap-
32). Tycho searched in vain for this effect. The absence
of it meant either that the Earth stood still, or that the
stars were at an almost unbelievably great distance. And
Tycho, influenced by thie ideas of his day, could not be-
lieve that nature would allow suth a vast, uscless spack
to exict between the most distant planet of our system
and the stars, Again, in t.hoxc days it was lh.ought that a
star showed as an appreciable disc representing a measur-
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.b]e angle at tha obscn:r’s‘qc (Fig. 11). Tor a gpar to
¢ Sufficiengly fay 2%2y to show ng parallax apg Yet to be
igcnuugh 10 appear a5 4 duse, jr would need 1 be very
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fichael Maesthin, the Professor of Mathematics there.
Maesthn had played a notable part in proving that the
“new star” of 1572 really was a star (Chap. 37) - He was -

believer in the Copernican theory; and he won over the

oung Kepler to the same opinion. Alter graduating,
epler was appointed a teacher at Graz, in Styria. Here

e enjoyed considerable leisure, and he devoted it largely
to astronomy.

Like Copernicus, Kepler had been influenced by the
revval of Pythagorean ideas in southern Europe (Chap.
7). He thought God had created the world according to
aumple pattern which we might hope to discover with a
litde patience and ingenuity, This pattern might (he

*Hhocght) show jtself through simple rules connecting the

' nsmbers 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 along these lines
produced a fanciful scheme of things of which he was ex-
tremely proud, although, as it turned out, he was {ollow.
inga false trail. However, his first book of 1396, in which
the whole thing was set out, seried to make him known
to the Danith astronomer, Tycho Brahe, who, a3 we
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 astronomucal assistant. Also, by
that time, Kepler was looking out for a new assignment.
Forat Graz the authonties were now enforcing the Catho-
Lic veligion, and Kepler was a Protestant. To escape per-
weution and worse, he nas glad to take service under the
Danish astronomer That was how Tycho Brahe's un-
rivaled 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 frpm them.

Repler tried to reduce the observed motion of the
planet Mars to a rule. He began while Tycho was alive,
and carnied on as his successor alter his death He uie(i
at first to represent the planet’s mouon by means of the

same geometrical “dodges™ eartier astronomers had em-
ployed—the excentric dircle and the 1

¢ est (Chap. 10).
these means he suceeeded in fitting the lh(corel}i’mlol)n lll}\z
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reject the Copernican theoty altogether, and to propos
one of his own. He supposed the planets to revolve rount
the Sun, while the Sun and Moon revolved round i
Earth, each in its own proper period. In addition, th
whole heavens turned round the Earth from east to wes
once every day. Some peaple who were dissatisfied witl
the Prolemaic theory, but who were not quite preparet
to take the plunge and embrace the Copernican theory
adopted this so-called “Tychonic” system as a halina
house.

The observations of Tycho and his staff, continnousl)
carried on for many years, were far more numerous anc
accurate than those of any earlier astranomers. And ft va:
his intention to make use ol them for working out hit
system in detail as Ptolemy and Copernicus had worked
out theirs. But he quarreled with the Danish governmebl,
and left Denmark to spend his Jast days in Prague, under
the patronage of the German Emperor. And before it
could get his work going again, he was cried off, in
1601, by a_sudden illness. However, during these Jast
months at Praguc, Tycho Brahe secured as an assistant
a young German astronomer, John Kepler; and it is his
name that is associated with the next decisive step in the
establishment of the Copernican theory.

38. How a Planet Moves

John Kepler was born in Germany in 1571, His {ather
was a drunken swashbuckler, who, though supposed 10
be a Protestant, hired himself out to fight for $pain an
Rome under the notorious Duke of Alva, His mother was
an innkeeper's daughter who was later brought to triat
as a witch. When the father came out of the army, he set-
tled down to heep a public house. The boy’s schooling
was interrupted botlt by his having to help at home, and
Ly the il health which was to dog him through life. How-
won a scholarship to the great Protestant Univer-
and there began to train as a clergyman.
Kepler came under the teaching of
e

ever, he wor
sity of Titbingen,
At Tiibingen, also,
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Michae] Maestlin, the Prolessor of Mathematics (hc;lc-
Macstlin had played 2 notable part in proving that the
"new stac” of 1572 really was a star {Chap. g7). He was
1 belieser in the Copernican theory: and he won over the
i)oung Kepler 1o the same apinion. After graduating,
Kepler was appointed a teacher at Graz, in Slyr_:a. Here
| e enjoyed considerahle leisure; and e devoted it largely -
j 1o astronomy. .

Like Copernicus, Kepler had beent influenced by the
avival of Pythagorean ideas in southern Europe {Chap.
}. He thought God had arested the world according to
1simple pattern ahich we might hope to discover with a
iude patience and ingenuity This pattern might (he
thaught) show mself through simple sules connecting the
numbers and periods of revolution of the several planets
and the sizes of thesr orbits, Kepler's first attempts 10
discover the secret of the Universe along these lines
produced a fancifut scheme of thingy of which he was ex-
tsemely proud, although, as it turned out, he was follow-
ing a false trail. However, hus first book of 1596, in which
the whole thing was set out, sened 1o make him known
to the Danish astronomer, Tycho Rrahe, who, as we
have seen, was just abaut to lease Denmark to seutle in
Prague In 1599, Tycho had arrived there, and he was
Tooking out for a new astronomical assistant. Also, by
that ume, Kepler was looking out for a new assignment,
For ar Graz the authortties wete now enforcing the Catho-
he religion; and Kepler was a Protwestant. To escape per-
scution and worse, he was glad 1o take service under the
Danith astronomer That was how Tycho Brahe's un-
rivaled senses of observations ol the planets came into the
hands of the one man in the warld, perhaps, wha could
have unraveled 2 new planetary theory from them.

Kepler tried to reduce the observed motion of the
planet Marg ta a rule. He began while Tycho was alive,
and carnsed on as his suecewsor alter hus death, He tried
at fist to sepresent the planet’s motion by means of the
same geometrical “dodges” earlier astronomers had em.
ployed~the excentrie circe and the rest (Chap. 10, B:
haen emmnne ha gueceeded in fitting Nvtd

z the thearetical to the
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reject the Copernican theory altogether, and to propes
one of his own. He supposed the planets to resolve roun
the Sun, while the Sun and Moon revolved round th
Earth, each in its own proper period. In addition, U
whole heavens turned round the Larth from east to e
once every day. Some people who were dissatisfied wit!
the Ptolemaic theory, but who were not guite prepare
to take the plunge and embrace the Copernican theor
adopted this so-called “Tychonic” system as a hallwa
house.

The observations of Tycho and his staff, continuow]
carried on for many years, were far more numerous ant
accurate than those of any earlier astronomers. And fewa
his intention to make use of them for warking out hi
system in detail as Prolemy and Copernicus had worket
out theirs. But he quarreled with the Danish gosernmen!t
and left Denmark to spend his Jast days in Prague, unde
the patronage of the German Emperor. And before I
could get his work going again, he was carricd off,
1601, by a sudden illness. Howeter, during these 1
months at Prague, Tycho Brahe sccured as an assistan
a young German astronomer, John Kepler; and it is It
name that is associated with the next decisive step in the
establishment of the Copernican theory.

38. How a Planet Moves

John Kepler was born tn Germany in 1571, His fathet
was a drunken swashbuckler, who, though stepposed 1€
be a Protestant, hired himself out to fight for Spain and
Rome under the notonous Duke of Alva. His mother w!
an innkeeper’s daughter who was later brought to trial
as 2 witch. When the father came out of the army, he set
tled down to keep a public house. The boy's schooling
was interrupted both by tus having to help at llpmc. and
by the ill health which was to dog him through life. l!uw
ever, he won a scholarship to the great Protestant Uniser:
sity of Tibingen, and there began to train as a clermyman.
At Tibingen, also, Kepler came under the teaching of
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,
nmediately superseded all earher tables, including those
{ Reinhold (Chap. 34) . By the time Kepler had fnished
hese tables, his Iife was nearly over. He had been cavght
p the disastrous Thirty Years' War, a sort of aftermath
il the Reformation, and he had to trasel far abeld in
#arch of 3 hebhood, 1t was alter an exbausting journey,
Bte in 1650, that he was sricken by 2 fever which carried
¥im off,
t Kepler was an ardent supporter of the Copernican
theory. Unless he had taken its truth for granted, he
tould never have discovered his Laws, nor wauld they
have had any meaning. And 1 one respect fie made 2
hotable adsance upon the original Copernican system of
3be planews. Copernicus had claimed to make the Sun the
gunter of all 1hings. But when he came to work out the
.’du‘ﬁk of his system, he veferred the movements of the
[planets to the center of che Earth's orbit, which was not
/quite the 3ame av the Sen en his veckoning. This
Qmounted to gsing the Earth a privileged position in
the scheme of things, and not treating 3t just ke sny
other planer, Kepler put thus prejudice aside and referred
the motions 5o the trve Sun He had a sound instinct
which wld him that the Sun 15, 1n some semse, the physi-
@l cavse which Leeps the planets moving in their ortbits.

39. The New Mechanics

One of the principal reasons why 1he Copermcan

met with so much appasicon gr fast v‘.)gs that lmb!:enorrl‘/
eeryone held wrong ideas a3 1o what makes bodies mmé
and kc?;n them martag or changes their motion. 1n face
the ghjecuon of the Cathohie Church to the Copernican
theory was, 1w the first instance, nat thar the morion, 1
the Earth conficied with the wards of Scripture, Tt '0

fathes that the whole thing was conrary to the i ‘“las
of mechanies 23 lard down by Aristorle, which Eln;;’p e
seen, had become parnt of the officiat phileso. hy of he
Church (Chap ny, Phy of the
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ree main pertoxls, three years as a teacher at Pisa Uni-

iy, 18 )ﬁs at the Unversity of Fadua in the _Vﬁf‘

in Republic, and then, from 1610 to the end of his 113.]

Mathematician to the Grand Dule of Tuscany, w

sits to Rome and imprisornents there. Hss work on

¢chanicy roughly fell inta the first two of these stages in

s career; his telescopic discoreries and defense of v.h.e
opermicant theory fell into the third; though alter his
sndemnation in 163z he returned for a time to his early
wdies in mechanics. B

Vasious Jegends have grown up about the experiments
i which Galileo discovered and proved the laws of
nechanics The most important discovery that he made
n that branch of science was that, once a body has }{een
et in motion, it will tend to go on moving 10 a straight
ine 2t 2 steady speed forever In order to slow it down, |
510 Mop it, of 10 turm it aside, force has to be exerted
on the body. It 1s true that the moving bodies we sce
arund us soon tome 1o a standstill if left to themselves.
Bux thiat i because they are acted upon by forces of the
kind we class 25 friction ‘Thus a bicycle can be stopped
b} putting on the brakes. But even without the brakes, 2

icscle on 2 leved road soon stops unless constantly pro-
pelled by means of the pedals And it 15 stopped by forces
o thx same Xind as those eserted by the brakes, only
Juow acting on the uites and the axles, or through aic
iesistance. Without such forces, the bicycle would go on
‘moving indefintely.

“This view of motion has an imporsant bearing on the
problem of the movements of the planets, For it had
aluays been thought that a planet {or the sphere that

S asvied 11 sound) must exther move of ws own accord,
ke an apsmal walling or a burd Qying: or else that iz
must be pushed along, perhaps by an angel. But since

. Galileo there has been no special mysiery about why 2

. planet goes on moving once it has been set in motion.

. For that is what all bodes tend to do. What was a myste
was why the planet maves in 2 tone round the Sun irny~

; stead of vaveling

off along 2 stsaight Yine inte ¢
' likelv exnlanation was that lhcrcs must be sompe“;:ré:
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in periods, three years as a teacher at Pisa Uni-
Irx:lel;fu;s yI:m at the Un{\emizy of Paduz in lec }‘e‘r;e'
an Republic, and then, from 1610 to the end of his life,
; Mathemmatician to the Grand Duke of Tusany, with
isits 1o Rome and imprisonments there, His work on
1echanics roughly fell mto the first two of these stages in
it career; his telescopic discoveries and defense ol m;
Zopernican theory fell into the third; U}ough a[}cr his
endemnation in 1632 he requrned for a time to his early
tudies in mechanics. R
Various legends have grown np about the experiments
by which Galileo discosered and proved the laws of
mechagics. The most important discovery that he made
in that branch of science was that, once a body has been
setin motion, it wall tend to go on moving in a straight
Yine at 2 steady speed forerer, In order to slow it down,
ot to stop it, or to turn it aside, force has to be exerted
‘on the body, It s true that the moving bodies we see
Around s soan come to a standsiiil if left to themselves.
But that 15 because they ate acted npon by forces ol the
Xind we class as friction. Thus a bicycle can be stopped
by putting on the brakes, But even without the brakes, a
tcycle on 3 Jevel road soon stops unless constantly pro-
petled by means of the pedals, And 1t 15 stopped by forces
“of the same kind as those exerted by the brakes, only
fiow atting on the tires and the axles, or thraugh air
redstance, Without such forces, the bicyde would go an
| Moving indefinuely.
his view of mation has an important beating on the
problem of the movements of the planets, For it had
Aluzys been thought that a planet {or the sphere that
aurdied it round) must erther mave of its own accord,
¥ike an animal walling or « bird fying: or else that it
st be pushed along, peshaps by an angel. But since
Galiteo there has been no special mystery abont why a
planct goes on moviag ance it has been set in motjon.
For that is what all bodies tend to do. What was 2 myster
way why the planet moves in a curve round the Sun ,;Y.
stead of traveling off along 2 straight line into space. A
Tikely explanation was that there must be some force
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2 the Moon through his glass to see that its sur{ace was
nere vopged (hnngan‘) lfndsc\pe the Earth con show,
vith lafty mountains and gapmg ralleys. Agzin, Galsico
ka3 one of several obsersers who, at this paviod, discan-
wed the existence of sumpats—dark patches that come
3nd go on the brithiant dysc of the Sun. Here, then, were
twa examples of “mpesfection” and evidences of change
on the suppedly perfect and unchangeable heatenly
Dodies Galtleo's opponents, indeed, argued thar the
Moon was 2 perfect spheve afier all, the apparent frregu-
Rarities of its surface being filled up and smoothed oft by
tome glassy material mvistble to ust .
Onee again, Gahleo directed hus telescope to the il
"liant planet Venus, which, anlike a siar, showed up as
+a body of appreciable size. He noticed, honever, that
+the planet did not generally 2ppear a3 a Tound disc, but
;48 2 moonshaped figure, whose shape altered much 2s
" be Moon's form does in the course of the month Trop-
*rly understood, Gahileo’s observations of Venus implted
two things, First, they proved that Venus revolved yound
the Sun (as in the Copernican and Tychonic systewms)
2nd not yound the Earth (a3 m the Prolemnie system).
Secondly, they prosed that Venus did not shine by its
own light like the Son, a3 ol the planets had been
hought 1o do, but was a dark body Ike the Earth (or
the Moon), Tecening its bght from the Sun. Now i
Vanos wag a body like the Earth, that meant that the
Earth was a body Like Venus. And i Venus revolved
round the Sun, why should not the Earth do so too?
" Perhaps the most ntereving of all the discoveries
which Gahileo made with b weiescope was that of the
Moons of Jupiter These were four bhitle badies revols-
ing about the planet Jupster much 23 the Moon revolses
about the kasth {Their number has been increased by
subrequent discavenes from fout to tleven) Apart alto-
g}lhcr ({n;m the interest oi the thing in jtself, the revels.
tion of thyy mumiature solac system hel, forward
Copemican theory. For it showed lha?tgw Farh :\};
not (he only center of motian. Bodies revelyed about
Jupiter, and 1f abowt Jupiter, why not about the Sun?
Moreover, it shawed that a moving body suck 23 Jupi(e;
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41 the Moon through his glass 1o see that its surface wu}
more tuzzed than any I;md:\c';\pe the Earth an show,
Aith lofty mountains and gaping valleys, Again, G':\hleo
kas one of several observers wha, at this period, discor
tred the existence of sunspots—dash patches that come
and go an the brilliant disc of the Sun, Tere, then, were
iwo examples of “mmperfection” and evidences of change
on the suppasedly perfect and unchangeable heasenly
bodies. Galileo's opponents, indeed, argued that the
foon was a pexlect sphere after all, the apparent irregu-
tlanties of its surlace being filled up and smoothed off by
~rsome glassy material invisible to ust N
:  Once agam, Gahleo directed his telescope o the brile
liant planct Venus, which, unhke a star, showed up as
2 body of appreciable size He notwced, however, that
the planet did not generally appear as a round disc, but
as 4 moon-shaped figure, whose shape aliered much as
the Moon’s form does in the course of the month. Frop-
erly understood, Galileo’s observations of Venus implied
two things. First, they proved that Veaus revolved round
the Sun fas in the Copermican and Tychonic systems)
and not round the Earth (as 1 the Prolemaic system),
Secondly, they proved that Venus did not shine by its
own light like the Sun, as all the planets had been
thought ta do, but was a dark body hike the Earth (or
- the Moon), receiving its hght from the Sun. Now if
Venus was a body like the Earth, that meant that the
| Earth was a body hike Venus And of Venus revolved
| round the Sun, why should not the Earth da 5o too?
Perhaps the most interesting of 2t the discoveries
which Gahieo made with his telescope was that of the
Moans of Jupner These were four little bodies tevoly-
ing about the planet Jupiter much as the Moon revolyes
sbout the Earth (Their number has been mereased by
, “ubsequent dusconeries from four ta eleveny Aparnt ahio-
gether {rom the wterest of the thing jn self, the revela-
“on of tus mintature solar system helped forward the
Copermican theory. For it showed that the Farth was
not the only center of matian. Bodies revalved about
Tupiter, and if about Jupiter, why not sbowt the Suny
Moreover, it showed that a maving body such as Jupiter
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1 ways natral o the people to whom, and through

Yom, (hey were originally r:v::lcd.}Thal was voughly
Balileo's position. It did not upset him to find that the
Bible pictured the world in waps natural to the eady
Hebrews. .

: Soon after Galileo had explained his views on this
waiter, Tus enemies seized upon a little book he had
written on sunspows. They extracted from it 3 stnement
ot the principles of the Copernican theoty, and they sub-
mitted them to a committee of the Inquisition for an
lopution This committee reported that, to make the
[5un the Bxed center of the world was absurd and heret-
ical, while to say that the Earth was not the center and
v21 0 motion was absurd and, if not heresy, at jeast
2 wiong beliel. “This 7eport did not, 1 itself, make the
Copernican theory a heresy, for it was never proclaimed
s by the Pope. But it provided grounds on which Gali-
1o, in 1616, was warned not to defend the theory. At
the same tjme Copernicus's Revolutions was placed on
the Index—the Yist of books that Catholics were not al-
lowed 10 read without specsal permission~until it was
comeaed” The corrections would have had the offecs
of reducing the theoty to a mere device for aleulating
bles, 23 Osiander Yong vince had claimed 3t to be.

RHowever, some years later, when the storm had died
down, Calileo wrote 3 great book which was really meant
10 be a defense of the Copernican theory. In order to
Reep to the letter of ihe command haid upon him in
1618, Gahleo threw his book into the form of a debate
bttneen the suppotters of the Prolemaic and of the
Copesnican theories respectisel
(he book 1y enutled Dialogue concerning the Two

Chief Systems of the World; and it selates how three
Iriends meet on four successive days to discuss 1he two
mal theories of the Universe, jgronng that of “Tycho
Prahe. They range over all the arguments on both sides, -
One of the characters acts as the spokesman of Galileo
humself, He puts forward the fresh. evidente based upon
;}1! lﬂcscﬁplnlc dxs(clnjmcs. The book is written with L4 t
iterary skill; and it s in Ital
Tevides scholars could read 1 Mt ether peaple
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‘anfinement, the prolanged mental bullying 1o which
he had been subjected, and the confusion of ideas be-
tween the spritual authority ol the Church n.nd the
testimony of experienceall 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 refaxed
ia time to 3 kind of “house arrest” in which be was able
to continue his screntific work, in some measure, until
his death

Galileo is remembered today, howeier, 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 submusion to the Inquisition, and his
demal of the Earth’s motion, Galileo muttered some-
1hing to the effect that the Earth does move all the samet
Whatever the truth of the story, the words have be-
tome a sort of proverb 1mplying that “the truth is great
and shall prevail,” despite all foolish attempts to sup-
prest it in the interests of this or that school of thought.
So it was with the 1ruth of the Copernican theory. By
i reformation of mechanics, by his telescopic tiscov-
eries, and by his baule against the ignorance of the
learned men of hus day, Galiteo had brought the Coper-
nican theory nearer to 1ts final tnumph than he could
have dreamed in the moment of his downfall. For the
Year 1642, which saw the death of Galiteo in aptivity,
aw also the birth of lsza¢ Newtan, )

43. The Whirlpool Universe

Tor ages men wondered what it w:

enly badies moving i the sky .St\ ﬁ::tzg‘n;ykei;::‘:ga h}:m'.
an Jiving beings. ying like birds, or sty 1o pa o
a celesual river. But when the ety G!tefs ats on
ing matterof fact explanations of napyre, :;acrt cna{ gl;:a
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On the_ﬁrst day the three friends debate whethe -
heavy bodies fall in order to reach the fixed center
the Universe or (as Galileo supposed) in order to reach
d}e center of the moving Earth. On the second day th
discuss the Earth’s daily turning on its axis. The poin
is made that the Earth could hardly remain at rest if
everything outside were being carried round in a 1
(.Inily whirl, whereas, on the Copernican view, the Earth
is so small in comparison with the rest of the Univene
that it could easily rotate without affecting anything .
outside itself, On the third day they arguc for and againtt
the view that the Earth revolves round the Sum, just 3
the little moons revolve round Jupiter; and for the Jast
day Galileo provides an explanation of the tides which
later proved to be mistaken.

Although the weight of evidence goes in favor of Co-
pernicus, Galileo did not dare to press the debate to 2
decision. He thus managed to get the book past the
Censor. But immediately 1t was published in 1632, Gal-
leo was attacked by the Jesuits on the ground that he
had been commanded, in 1616, not to teach the Coper
nican theory, and that he had concealed this fact from
the Censor. Thus, it was argued, he had obtained per-
mission to publish Jus book on false pretenses. The Pope
set up 2 Comnussion which considered the book in searet
and produced a record of the command not to teach.
Galileo could remember only being told not to hold or
defend the theory, and he had done naither 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 repatt,
Galileo, now an invalid of close on seventy, was sum-
moned to Rome to face the Inquisttion in the winter of
1633, He was hept in close confinement until the sum-
mer, being questioned from time to time, but apparently
not physically il treated as things went in those days.
However, he was allowed none of the facilities for legal
scli-defense normally granted to any criminal by the
courts of 2 civilized state, He was tricd in his absence,
and brought up for sentence on June 22, 1933. But by
that time his age and ill health, the depression born ol



[

- THE WHIRLPOOL UNIVERSE it

for Descartes's constitution, and he died 2 few months
after his amval (1630). . !

. Descartes thought that the Universe was 2 vast co fec-
Gion of whirlpools of matter, or vortices. Each of them
occupied a definite region m space, and was surrounded
by others WWhat gites this theory its miporeant place
in pur story s that Descartes eatly adopted the Coper-
nican theory, He supposed that the Sun occupied the
center of one such voriex, and thas the Earth and the
pPlanets were carried round it in the mighty swirl. Lach

i star was itself 2 sun and the center of a vortex with its
*own train of planets. Descartes supposed, moreoer, that

e Sun and the other stars exerted 2 pressure outwards
onthe matter in the space around them, He thought that
this pressure, falling on our-eyes, gaue us the feeling of
seeing light, But he also supposed that a star could be-
tome more or less coated with daxk matter, The appear-
ance of spots on the Sun was an example of this process.
If a star became completely corered up, it ceased to
exert pressure, and the vortex of which it was the center
collapsed under the pressure of the neighboring ones.
The dead star was then caught up in some other vortex,
where 1t became a planet Or else it wandered from sys-
lem to system as a comet Our Earth, Descartes believed,
w23 just such a clogged-up star

Descartes wrote a little book explaining these ideas,
He was just going 1o have it pubhshed when he heard
about the condemnauon of Galileo. He was a Catholic
and unwilling to bring ou anyttung of which the Church
might disapprose So he locked up the hittle Look in
his desk,, and » was not published until fourteen years
after his death But meanwhile he had found a way ol
expressing his views which was less hikely to offend the
Church authornties. He declared that a body moyed
only 1t n changed ws postion n relation to the ur-
sounding mauner But, he argued, the Eanth did pot

change its postuon 1n relation to the material of the
rontex which surrounded 1t and ca;

rried it along, o
fore lus theory could not be condemmed as ?n:{}\cir:ﬂ
the motson of the Farth; and therefore it could be law.
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suggestions they made was that the whole world v
something like a vast whirlpool. We can undti
what was in their minds by watching water v~
out of a bath; or a “dust devil” as it rushes along o
street catching up and whirling round pieces of stra
or waste paper. There are famous whirlpools in the.
Mediterranean; and it was natural to think of the
and planets as carried round and round just like ships
caught in these. The Earth was like the mass of drilt
wood and weed which always tends to collect in the
center of such a maelstrom.

The later Greeks and the men of the Middle Az
abandoned such matter-ol-fact explanations in favor of
something more mystical, They thought the stars and |
planets were fixed to revolving spheres. And they be
lieved that these spheres were kept continually -
ing by a desire after the perfection of God, in somewhat
the same way as love rouses the lover to activity in pur
suit of the beloved object.

When the age of modern science began, some §00
years ago, tliere was a movement back to the old view
that the planctary system was a sort of machine. This
was supposed to work according to laws of mechanices
which, though sull only imperfectly grasped, were 1¢-
garded as holding good everywhere throughout the Uni-
verse. And one form whicl this movemcht took wa
a revival of the idea that the heasenly bodies were car
ried round in a whirlpool of matter, or a vortex, to give
it its scientific name.

This step was taken by a Frenchman, René Descartes,
who was among the great leaders of thought in the fint
half of the seventeentht century, and one al the imentory
of what teday we call analytic geometry. Born in 1560,
and educated at a Jesuit school, Descartes spent his youth
in travel and soldiering. Then he seuled in Holland
for twenty years to lead a life of study., His fame as 3
scholar reached Queen Christina of Sweden: and she in-
vited him to Stockholm to be her tutor. He went; bt
the wintry climate, and the Queen’s .h:nbit of taking loy-
sons at unearthly hours in the morning, were too much
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n presened for imented) 1o iltustrate his :arly_ taste
:):: rtl;rdmg and( mtdmhir.\\)'zs\\emim\» and the distaste
‘or farming which deaded i\\sA elders 10 make a scholar
of him. The year 166z in which he grad\mid at Cam-
bridee, came 10 be called the “Plague Yeat' alter 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 Am?n':
the evariees was Isade Newton, 2 newly fledged T A
of 42, Marooned in Lincolnshire for months on end, he
turnied his thoughts to the old questiot, now ofice more
wirring in wen's winds, What keeps the planets m their
orbits?

One sutumn day, in the orchard at Woolsthorpe, the
fall of an apple from a tree bronght vavadly before New-
@n’s mind the mystery of gravity. The story s told by
some wha knew him well wn later years. And a ey,
thimed 10 hnve been cut from the tery apple tree, by
petned wm 2 glass case by the Royal Astronomical
Seciety of London! Whateser may be the truth of 1his
story, we have it on Newton's own authorty that, about
this time, he began 10 wonder how far the {orce of grav-
ity extends abore the Earth It is felt on the lughest
mountain peaks. Can it possibly extend as far as the

. Moon? And ean the force which pulls the Moon out
of ity strajght course be the same as that which makes
the apple il from the wee? Doubtless the foree of grav-
ity gets weaker the farther we go from the Earth. How
weak tas w become by the ume we seath the Moon?

Far the answers to these questions, Newton turned 1o
Kepler's Laws ot planetary motion (Chap. 38). He was
the first to understand their wner meaning, and they
gave him the nformation he needed He found the taw
akording, 10 which the foree of granity falls off with
increasing distance from the Earth, And he calaulated
thut the palt of gravity an the Moon was just equal 1o
the force netessary to heep the Moon in its arbic, In
fﬂt;: grawy was the [m‘\:' nathing else was needed.

ewton was next able to show that 3 force of the
wamr kind svernd by the Sun upon the planets, would
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fully published, as, indeed, it was in 1644. A later wri
humorously asked whether a maggot firmly embedd
in a cheese could be szid to move when the cheese »
sent by ship from Amsterdam to Batavia. Descartes pre
sumably would have ruled that it did not mose.

The account of the world given by Descartes beaa.
very fashionable, especially in France, and to some e
tent in England and elsewhere. And the fact that Do
cartes made the Sun the center of his planetary systen
gave a great boost to the spread of the Copernican the-.
ory in these countries. -

44. Universal Gravitation

When Kepler tried to explain by mechanics how a planct

moves in its orbit, he thought there must be some forct

constantly pushing the planet along from behind (Chap:

$8) . Later, in the light of Galilco’s discoveries, it scemed

more likely that the force was one pulling the planet it

towards the Sun (Chap g9). This clue was followed up

by Isaac Newton, probably the greatest man of science -
of all time; and it led him to an explanation of the plan-

etary motions that has satisfied men’s minds down 10

our own day.

This planetary theory of Newton's was based upon®
the Copernican arraugement of the Uniserse 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 success -
ful, it very soon came to be accepted by everyone: and
the Copernican theary was accepted along with it. Thut
with Newton, we reach the end of a critical era in the
development of human thought about the Univensc. A
few words about his achievements in this field may fitly
close the story of the rebirth of astronomy that we hase
tried to retell in these pages.

Newton was born, the son of a farmer, in the sleepy
Lincolashite hamlet of Woolsthorpe. Many storics h;’\}_?
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solve nfo other forms. From this it was but 2 step o
the assertion that our system is moving through space
» Jelation to the stars "The Sun and planets atl keep
together like a squadron of airplanes in fliglit, The truth
of this assertion was firsy verified by William Herschel
abaut the end of the exghteenth gentury. Thus the posi-
\ion of the Sun could na longer be regarded as ether
foed or central, :

With the passage of the years, Newton had come to
regard the pul) of the Earth on the fafling apple, of ont
the falfing Moon, ay just the most famitar example of
anpe of force which all the heasenty bodies esert upor
one another. But he went {urther, he thought that these
forces between the heavenly bodies must avse {rom 3
universal property of matter, by which every particle in
the Unirerse attracts every other particle The suwength
of this attraction, or gravitation, depends 1n a perfectly
definite way upon the masses of the two paruicies and
upon the distance between them Starting out fram tus
principle of umversal gravitation, Newton was able to

give 2 mechanical explananon of a vase range of facts

10 do with the behavior of the heavenly bodies. And
later generations of astronomers have carned this proc-
e much further, so that many facts of which Newton
was unaware now find 2 place in a vast system of me-
chanical astranomy.

That was the way w which the Copermean theory
ttiumphed-~not through any ngenious argument, nar,
in the first place, throvgh any rew discorery confirming
the monan of the Earth, but becanse it formed an in-
tegral part of Newton's allembraang and albconguer-
ing theon of the physical world, Newton's success brabe
dowp 2l opposition, not enly n England, but also in
Ameniea, where the Newtoman phalosophy began 1o be
vegularly taught at Yale Unsversity from the beginning
of the eighicenth century. However, as tme went on,
obsersanons were made and. INZRNI0NS tests devised v.hid:
have helped o establush, in the light of the Newtonian
system of medmmg,s, he motion of the Earth in relation
ta the other badies of the Universe. These confirma-
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‘nosthward and southward and its deviations were al-
Jowed to accumulate, the path it wraced out would grad-
ually swing round. The bob of a sibrating pendulum
s rather like a bullet fired backwards and forwards. And
in the middle of the last century, a French sciensist, Léon
TFoucault, made a pendulum of a leaden ball and a long
wire and set it swinging [rom the dome of the Panthéon
“in Paris. He showed that the plane swept out by the
wire did in fact gradually swing round about the ver-
tial, relatnely to the surrounding objects, in a way
that could be tegarded as a duect consequence of the
daily rotation of the Earth. Another of Toucault's de-
sices was the gyroscope; it worked on a principle which
underlies the gyrocompass now increasingly taking the
place of the magnetic compass in navigation. It con-
sisted essentially of a massive flywheel mounted so as
1 wrn 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 rota-
tion.

$o Tar as concerns the annual revolution of the Earth,
about the Sun, the outstanding confirmation has beer
the detection, since 1838, of an annual apparent shih
or parallax, 1n 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 o desciibe a minute ellipse (only a fraction
of a second of arc in breadth) about its mean position
in the course of a year. This observation, as explained
in Chapter 32, provided a longsought proof of the
Earth’s yearly revoluton round the Sun.

Anstotle had distinguished sharply between the four
earthly elements, moving naturally 1n straight lines, and
the heasenly element, or aether, going round and tound
forever in circles (Chap g). Newton's system of nature
knew nothing of this distinction. His rejection of a
mechanical difference between Earth and j}lca\m was
matched, in the nineteenth century, by the abandonment
of the corresponding chemical distinetion, Iy s
known that the heavenly bodies are made ‘c[ sk "0‘:'
s h?}h .?[ matier as those with which we nr’:“;arr:il‘ia:

s the revolution in thought berun by
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tions fall into two classes according as it was the dii
rotation or the annual revolution of the Earth that v
N question

One of the earliest arguments for the daily rotatic
was based upon the seventeenth century discovery th
a pendulum of given length beat rather more slouly 3
It was taken nearer 1o the Earth’s equator, which is
plied a falling off in the foree of gravity. This cou
be explained by supposing the weight of bodics rex
the equator to he partly balanced by the tendency ta
fly off into space due to their being whirled round »
2 rate of about a thousand miles an hour by the daily
turning of the Earh, For the same reason the sea, and
even in some measure the Earth itself, could be upﬂﬂ‘\!
to bulge out at the cquator and to be flatiencd at the
poles. When, during the eighteenth century, extensive
suneys proved that the Earth is indeed distorted in this
way, It was naturally regarded as evidence for its ot
tion,

In the eighteenth century, also, it was pointed ovt
that, if we imagine ourselyes traveling northward frem
the equator of the rotating Earth, we come to places
whose ecastward speed is less 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. Ience 2 longrange projectile, fired norh-

places it came to, and would therefore appear to be
suffering an eastward deflection. On this principle, the
Lartl's daily motion was invoked 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 Jaws governing the di
rections in which the air flows round the yclones and

anti-cyclones of the weather-maps,
If our longrange projectile were fired alternately
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A1l this amounted to casting away the old fixed land-
marks to which eartier astronomers liad been wont 10
seler the courses of the hemenly bodies. And the ald
dispuie over the rest or motion of the Eanth or Sun
wxtid np fonger be expressed ia such simple terms. Ac
ordnzly, during the past cenury, sexeral attempls were
made fo prove thas the Earth §s moving, and 10 measuse
fisspeed m relation to space itself, by means of ingenious
opucal experiments. .

The problem 15 rather like that of a passenger 10 2
nailway carriage who wants to find out whether, and
how fast, his train is mosing On an Lnglsh radway,
little signpasts are set up every quarter of a wile, Thus,
with the aid of a watch, Wt is casy to find the speed of
the train by noting how long it takes o travel from one
of these posts 1o the next one. But f the passenger could
not see anythung out of the carriage wiadaw, he would
not be able to say how fast the train was moving Or
it what he saw when he looked out was only another
moving tran on the adjoiming track, then he would be
auare only of the difference ot the speeds ot the two
wains~the motion of one traim refative 10 the other.
.Thc scentist on the Earth is sn much the same posi-
tion as this passenger. His attempts to neasure the Earih’s
speed telative to space itsell bave alf fasled. It seemy 10
e one of the laws of nawure that they aluays must fail;
that the scientist 15 Yooking for something that does not
exint. It seems there are o fixed landmavks in space,
only heavenly bodies floaung abour, Wke the moving
train on the adjoining track, Hence we cannot say how
fast, or in what direction, the Earth 1 mosug through
!l[nccg nat heciluse we are ot cleses enough to find out,
bt 5 N N H
hat e o say byt o Eoreh o s o MM
bodhies are mm‘.mg relatively o om ihe othar heavealy

ne anather hike the 1o
trans 1 we ate to say that any one of them i “fixed,”
w x marely 2 matter of choite and comsenience on ot
p::'sl in sohang :on;c particular problem. our

So we came back at the end 10 what we said at th
beganing in Chapier 1, that Copernicus made 2 chore
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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 prevails, binding together al
events in a network of causes and effects.

45. Is the Copernican Theory True?

The Copernican theory has gone on growing and de-
veloping through the years like a living thing. The early
disciples of Copernicus, while helping to establish the
“Sun-centered™ universe, cach altered the original Coper-
nican scheme in one way or another. Thus the sobir
system which they bequeathed to modern astronomy hore
only a remote resemblance to the primitive system of the
_Revolutions.

Copernicus and the men of his time thought of the
Iniverse as a_closed sphere of space containing all ae
ted things. The dispute was about whether the Sun or
he Earth was to be placed at the center of this sphere.
opernicus put the Sun in that privileged position, and

jmade the plancts revolve round him in combinations of
/ excentrics and epicycles. However, within a generation
of the death of Copernicus, men had begun to ok
whether space might not stretch indefinitely in alf direc-
tions without any center at all. The next generation s
the end of the excentrics and epicycles, and of the per-
fectly circular motion of the heavenly bodies. And within
about a century of Copernicus, an entirely new sct of
laws of motion had been proposed applicable to earthly
and heavenly bodies alike. The distinction between the
carthly and the heavenly was fast disappearing, Qur s)s
tem of Sun and planets had at first been supposed to
e the only one of its kind. But soon the stars were con-
ceived to be suns, each perhaps with its train of plancts,
and maving frecly in space, with our Sun itself such

a moving star.



Books for Further Reading

For the benefic of secious students of Copernicus it may
be stated at the outset that the standard books on his
{ife and scientific work are, in German, L. Prowc:vN;co-
laus Coppesnicus {2 vols.), Bexlin, 1883843 E. th}tr:
hung und Aush g der Coppronic 5

Lehre, Exlangen, 1943; and, in Polish, L A, Berkenmajer:
Mikolaj Kopermk, Cracow, 1go0, and Stromata Coper-
nfcana, Cratow, 1923, A short Trench summary of the
former of thest Polish works will be found n Bulletin
International de Académie des Sciences de Cracovie;
Classe des Sciences Math. ez Nat., March, 190z, 200 fI.
Copernicus's great Latin treatise of 1543, De Revolu-
tiombus Orbium Coelestium Libri ¥I should be con.
shed in Curtze’s edition (Thorn, 1873}, There is a
complete German translation of it by C. L. Menzzer
{Thorn, 1879) .

Lnglish versions of important chapters of Copernicus’s
hook will be found in H Shapley and H. E. Howarth:

4 Source Book i Astronomy, New York, 1929, Anno-
tated English ) ks € lus (ve-

of lus

ferred 1o 1n the present book as the “Little Commens
tary) and of Rheticus’s Narmtio Prima (the “Fisst
Account™) are incduded m FEdward Rosen's Three Co-
permican Treatises, New York, 1939,

An attempt to explain to students the contents of Co-
pernicus's book, with some account of hus career and of
the previous development of astranomy, will be found
m A. Armitage Copermicus, the Founder of Modern
Astronomy, London, 1938 For the general redder, a shaet,
weliiltusrated account o the astropomer's hife and
achievements wiil be found in Nickolas Copernicus
translated from the Polish of J. Rudnicki, London, 1q43.
Hermann Kesten has panted an impresaise, if sun;e\?h‘n‘;
ﬂ;,l'“bgy:\(\l, p\;\prg of the Jife and times of the grea
astronomer 1 his imaginatiy H
W orld, New York an&’Londr:nmk;fop"mms and his
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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 question we hae
placed at the head of this Chapter, Is the Copernian
theory true? -

We have first to understand what is meant by the
“truth” of a scientific theory. In scicnce we employ the
word “truth” in a rather special sense, differing from
its use in everyday life. In judging the truth of a theory
we apply two main tests. On the one hand we expect
a theoty 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 conne¢:
tions between them, On the other hand we expect 2
theory to be able to suggest lines of enquiry along which
further investigations can be fruitfully made. These may
lead to fresh discoveries resulting, perhaps, in the over
throw of tlte old theory and the setting up of a new ont
able to account for the new discoy eries as well as for the
facts previously known. For no theory in science is e
garded 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 hase to apply to the Coper
nican theory.

It was by choosing the Sun as his fixed point of reler:
ence that Copernicus was able to account quite simply
for certain puzzhing facts known in his day, such as the
peculiar apparent motions of the planets. By adopting
the same general point of view, later astronomers hat
been able to explain a multitude of other facts of which
Copernicus in his lime knew nothing. Again, the “Sun-
centered” conception of our system has made po“i\ﬂt
new discoveries such as Kepler's Laws, and the principles
of mechanics, which, in the hands of Galileo and New-
ton, have accounted for the motion, not enly of the
planets, but also of all the bodies we see moving about
s on the Earth. It is on such grounds that, lr}ohng back
over four hundred years, we assert the scitn_llﬁc'lrnlh’(ﬂ
the Capernican theory and vindicate the historic choice

of its creator.
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that, it will help us 10 anewer the question we b
placed at the head of this Chapter, Is the Copermes
theory true?

We have first 1o understand what 3s meant by the
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