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1, Preface

THOSE who have been true philosophers, Syrus, seem to
me to have very wisely separated the thearetical part of philosophy From !ihc
practical. For even if it happens the practical turns out to be theoreu;al pnof
to its being practical, nevertheless a great difference would be found in them;
not only because some of the moral virtues can belong to the evc‘ryday ignorant
man and it is impossible to come by the theory of whole sciences Wlthout
Jearning, but also because in practical matters the greatest ad.vantage is to be
had from a continued and repeated operation upon the things themselves,
while in theoretical knowledge it is to be had by a progress onwarq. We
accordingly thought it up to us 50 to train our actions even in the application
of the imagination as not to forget in whatever thmg‘slwc happcn. upon t}_le
consideration of their beautiful and weli-ordered disposition, and to indulge in
meditation mostly for the exposition of many beautiful theorems and especi-
ally of those specifically called mathematical. o

For indecd Aristotle quite properly divides also the theoretical into three
immediate genera: the physical, the mathematical, and the theological. for
given that all beings have their existence from matter 'anfi fom? and motion,
and that none of these can be scen, but only thought, in its subject separately
from the others, if one should seek out in its simplicity the first cause oflthc
first movement of the universe, he would find God invisible and unchanging,
And the kind of science which seeks after Him is the theological; for such‘an
act [évépyeia] can only be thought as high above somcwhcrc near the loftiest
things of the universe and is absolutely apart f}'om sensible thmgs. But Fhe
kind of science which traces through the material and ever moving qu?hty,
and has to do with the white, the hot, the sweet, the soft,‘ apd such things,
would be called physical; and such an essence [ovoial, since it is only generally
what it is, to be found in corruptible things and below the lunar sphere. And
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the kind of science which shows up quality with respect to forms and local
motions, seeking figure, number, and magnitude, and also place, time, and
similar things, would be defined as mathematical. For such an essence falls,
as it were, between the other two, not only because it can be conceived both
through the senses and without the senses, but also because it is an accident
in absolutely all beings both mortal and immertal, changing with those things
that ever change, according to their inseparable form, and preserving unchange-
able the changelessness of form in things eternal and of an ethereal nature,

And therefore meditating that the other two genera of the theoretical would
be expounded in terms of conjecture rather than in terms of scientific under-
standing: the theological because it is in no way phenomenal and attainable,
but the physical because its marter is unstable and chscure, so that for this reason
philosophers could never hope to agree on them; and meditating that only the
mathematical, if approached enquiringly, would give its practitioners certain
and trustworthy knowledge with demonstration both arithmetic and geometric
resulting from indisputable procedures, we were led to cultivate most particu-
larly as far as lay in owr power this theoretical discipline [Bewpic]. And
especially were we led to cultivate that discipline developed in respect to divine
and heavenly things as being the only one concerned with the study of things
which are always what they are, and therefore able itself to be always what it
is—which is indeed the proper mark of a science—hecause of its own clear and
ordered understanding, and yet to cooperate with the other disciplines no less
than they themselves. For that special mathematical theory would most readily
prepare the way to the theological, since it alone could take good aim at that
unchangeable and separate act, so close to that act are the properties having
to do with translations and arrangements of movements, belonging to those
heavenly beings which are sensible and both moving and moved, but eternal
and impassible. Again as concerns the physical there would.not be just chance
correspondances, For the general property of the material essence is pretty
well evident from the peculiar fashion of its local motion—for example, the
corruptible and incorruptible from straight and circular movements, and the
heavy and light or passive and active from movement to the center and move-
ment from the center. And indeed this same discipline would more than any
other prepare understanding persons with respect to nobleness of actions and
character by means of the sameness, good order, due proportion, and simple
directness contemplated in divine things, making its followers lovers of that
divine beauty, and making habitual in them, and as it were natural, a like
condition of the soul.

And so we ourselves try to increase continuously our love of the discipline
of things which are always what they are, by learning what has already been
discovered in such sciences by those really applying themselves to them, and
also by making a small original contribution such as the period of time from
them to us could well make possible. And therefore we shall try and set forth
as briefly as possible as many theorems as we recognize to have come to light
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up to the present, and in such a way that those who have already been initi-
ated somewhat may follow, arranging in proper order for the completeness of
the treatise all matters useful to the theory of heavenly things. And in order
ot to make the treatise too long we shall only report what was rigorously
proved by the ancients, perfecting as far as we can what was not fully proved
or not proved as well as possible.

2. On the Order of the Theorems

A view, therefore, of the general relation of the whole carth to the whole
of the heavens will begin this composition of ours. And next, of things in
particular, there will first be an account of the ecliptic’s position and of the
places of that part of the earth inhabited by us, and again of the difference, in
order, between each of them according to the inclinations of their horizons.
For the theory of these, once understood, facilitates the examination of the rest.
And, secondly, there will be an account of the solar and lunar movements and
of their incidents. For without a prior understanding of these one could not
profitably consider what concerns the stars. The last part, in view of this
plan, will be an account of the stars. Thosc things having to do with the sphere
of what are called the fixed stars would reasonably come first, and then those
having to do with what are called the five planets. And we shall tzy and show
each of these things using as beginnings and foundations for what we wish to
find, the evident and certain appearances from the cbservations of the ancients
and our own, and applying the consequences of these conceptions by means
of geometrical demonstrations.

And so, in general, we have to state that the heavens are spherical and
move spherically; that the carth, in figure, is sensibly spherical also when
taken as a whole; in position, lies right in the middie of the heavens, like a
geometrical centre; in magnitude and distance, has the ratio of a point with
respect to the sphere of the fixed stars, having itself no local motion at all. And
we shall go through each of these points briefly to bring them to mind.

3. That the Heavens Move Spherically

It is probable the first notions of these things came to the ancients from
some such obscrvation as this. For they kept seeing the san and moon and
other stars always moving from rising to setting in parallel circles, beginning
to move upward from below as if out of the carth itself, rising lictle by little
to the top, and then coming around again and going down in the same way
until at last they would disappear as if falling into the earth. And then again
they would sec them, after remaining some time invisible, rising and setting
as if from another beginning; and they saw that the times and also the places
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of rising and setting generally corresponded in an ordered and regular way.

But most of all the ohserved circular orbit of those stars which are always
visible, and their revolution about cne and the same centre, led them to this
spherical notion. For necessarily this point became the pole of the heavenly
sphere; and the stars nearer to it were those that spun around in smaller circles,
and those farther away made greater circles in their revolutions in proportion
to the distance, until a sufficient distance brought one to the disappearing stars.
And then they saw that those near the always-visible stars disappeared for a
short time, and those farther away for a longer time proportionately. And for
these reasons alone it was sufficient for them to assume this tiotion 25 a principle,
and forthwith to think through also the other things consequent upon these
same appearances, in accordance with the development of the science, For abso-
lutely all the appearances contradict the other opinions.

Ii; for example, one should assume the movement of the stars to be in a
straight line to infinity, as some have opined, how could it be explained that
each star will be observed daily moving from the same starting point? For how
could the stars turn back while rushing on to infinity? Or how could they turn
back without appearing to do so? Or how is it they do not disappear with their
size gradually diminishing, but on the contrary seem larger when they are about
to disappear, being covered little by little as if cut off by the carth’s surface?
But certainly to suppose that they light up from the earth and then again go out
in it would appear most absurd, For if anyone should agree that such an order
in their magnitudes and number, and again in the distances, places, and times
is accomplished in this way at random atd by chance, and that one whole part
of the earth has an incandescent nature and another a nature capable of extin-
guishing, or rather that the same part lights the stars up for some people and
puts them out for others, and that the same stars happen to appear to some
people either lit up or put out and to others nct yet so—even if anyone, I say,
should accept all such absurdities, what could we say about the always-visible
stars which neither rise nor set? Or why don't the stars which light up and go

out rise and set for every part of the earth, and why aren’t those which are not -

affected in this way always above the earth for every part of the earth? For in
this hypothesis the same stars will not aiways light up and go out for some
people, and never for others. But it is evident to everyone that the same stars
rise and set for some parts, and do neither of these things for others.

In a word, whatever figure other than the spherical be assumed for the move-
ment of the heavens, there must be unequal linear distances from the earth to
parts of the heavens, wherever or however the earth be situated, so that the
magnitudes and angular distances of the stars with respect to each ather would
appear unequal to the same people within cach revolution, now larger now
smaller. But this is not cbserved to happen. For it is not a shorter linear distance
which makes them appear larger at the horizen, but the steaming up of the
moisture strrounding the earth between them and our eyes, just as things put
under water appear larger the farther down they are placed,
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"The following considerations also lead to the spherical notion: the fact that
{nstruments for measuring time cannot agree with any hypothesis save the
spherical one; that, since the movement of the heavenly bodies ought to be ic
Jeast impeded and most facile, the circle among plane figures offers the easiest
path of motion, and the sphere among solids; likewise that, since of different
fgures having equal perimeters those having the more angles are the greater,
the circle is the greatest of plane figures and the sphere of solid figures, and the
heavens are greater than any other body.

Morcover, certain physical considerations Jead to such a cenjecture. For
example, the fact that of a1l bodies the cther has the finest and most homoge-
neous paris [opolopepéaTepos]; but the surfaces of homogeneous parts must
have homogeneous parts, and only the circle is such among plane figures and
the sphere among solids. And since the ether is not plane but solid, it can
only be spherical. Likewise the fact that nature has built all earthly and corrupt-
‘ble bodies wholly out of rounded figures but with heterogeneous parts, and
a1l divine bodies in the ether out of spherical figures with homogeneous parts,
since if they were plane or disc-like they would not appear circular to all those
who sce them from different parts of the earth at the same time. Therefore
it would seem reasonable that the ether surrounding them and of a like nature
be also spherical, and that because of the homogeneity of its parts it moves

circularly and regularly.

4, That dlso the Earth, Taken as a Whole, Is Sensibly Spherical

Now, that also the ecarth taken as a whole is sensibly spherical, we could
most likely think out in this way. For again it is possible to see that the sun
and moon and the other stars do not rise and set at the same time for every
ohserver on the earth, but always carlier for those living towards the orient
and later for those living towards the occident. For we find thas the phenomena
of eclipses taking place at the same time, especially those of the moon, are not
recorded at the same hours for everyone—that is, relatively to equal intervals of
time from noon; but we always &nd later hours recorded for cbservers towards
the orient than for those towards the occident. And since the differences in
the hours is found to be proportional to the distances between the places, one
would reasonably suppose the surface of the carth spherical, with the result
that the generzl uniformity of curvature would assure every part's covering
those following it proportionately. But this would not happen if the figure were
any other, as can be seen from the following considerations.

For, if it were concave, the rising stars would appear first to people towards
the occident; and if it were flat, the stars would rise and set for all people
together and at the same time; and if it were a pyramid, a cube, or any other
polygonal figure, they would again appear at the same time for all chservers
on the same straight line, But none of these things appears to happen. It is
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further clear that it could not be cylindrical with the curved surface turned
to the risings and settings and the plane bases to the poles of the universe,
which some think more plausible. For then never would any of the stars be
always visible to any of the inhabitants of the curved surface, but either all
the stars would both rise and set for observers or the same stars for an equal
distance from either of the poles would always be invisible to all observers.
Yer the more we advance towards the north pole, the more the southern stars
are hidden and the northern stars appear, So it is clear that here the curvature
of the earth covering parts uniformly in oblique directions proves its spherical
form on every side. Again, whenever we sail towards mountains or any high
places from whatever angle and in whatever direction, we see their bulk little
by Httle increasing as if they were arising from the sea, whereas before they
seemed submerged because of the curvature of the water’s surface.

S. That the Earth Is in the Middle of the Heavens

Now with this done, if one should next take up the question of the earth's
posicion, the observed appearances with respect to it could only be understood
if we put it in the middle of the heavens as the centre of the sphere. If this were
not so, then the earth would cither have to be off the axis but equidistant from
the poles, or on the axis but farther advanced towards one of the poles, or
neither on the axis nor equidistant from the poles.

The following considerations are opposed to the first of these three positions—
namely, that if the earth were conceived as placed off the axis either above or
below in respect to certain parts of the earth, those parts, in the right sphere,
would never have any equinox since the section above the earth and the section
below the earth would always be cut unequally by the horizon. Again, if the
sphere were inclined with respect to these parts, either they would have no
equinox or else the equinox would not take place midway between the sum-
mer and winter solstices. The distances would be unequal because the equator
which js the greatest of those parallel circles described about the poles would
not be cut in balf by the horizon; but one of the circles paralle] to it, either to
the north or to the south, wotld be so cut in half. It is absolutely agreed by
all, however, that these distances are everywhere equal because the increase
from the equinox to the longest day at the summer tropic are equal to the
decreases to the least days at the winter tropic. And if the deviation for certain
parts of the earth were supposed either towards the orient or the occident, it
would result that for these parts neither the sizes and angular distances of the
stars would appear equal and the same at the eastern and western horizons,
nor would the time from rising to the meridian be equal to the time from the
meridian to setting. But these things evidently are altogether contrary to the
appearances.

As to the second position where the earth would be on the axis but farther
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advanced rowards one of the poles, one could again object
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magnitude of the carth with respect Lo s distance from the heavens were per-
ceptible; but only the plane drawn through the point at the earth’s centre
would cxactly cut the sphere in half, and those drawn through any other part
of the earth’s surface would make the sections below the earth greater than.

those above.

1, That the Earth Doces Noz in any Way Move Locally

By the same arguments as the preceding it €an be shown that the carth
can neither move in any one of the aforesaid oblique directions, nor ever
change at all from its place at the centrC. For the same things would result as
i it had another position than at the centre. And so it also seems to ine
superfluous to look for the causes of the motion to the centre when it is once
for all clear from the very appearances that the earth is in the middle of the
world and all weights move towards it. And the casiest and only way to
understand this is to se¢ that, once the earth has been proved spherical con-
sidered as a whole and in the middle of the universe as we have said, then
the tendencies and movements of heavy bodies (1 mean their proper move-
ments)* are everywhere and always at right angles to the tangent plane drawn
through the falling body's point of contact with the carth's surface. For because
of this it is clear that, if they were not stopped by the carth's surface, they too
would go all the way to the centre itself, since the straight line drawn tc the
centre of a sphere is always perpendicular to the plane tangent to the sphere’s
surface at the intersection of that line.

All those who think it paradoxical that so great a weight as the earth should
not waver or move anywhere scem to me o 5O astray by making their judg-
ment with an eye t0 their own affects and not 10 the property of the whole.
For it would not stili appear $0 extraordinary to them, I believe, if they stopped
to think that the earth's magnitude compared to the whole body surrounding
it is in the ratio of a point t it. For thus it seems possible for that which is
relatively least to be supported and pressed against from all sides equally and
at the same angle by that which is absolutely greatest and homogeneous. For
there is 1o “above” and “helow” in the universe with respect to the earth, just
as none could be conceived of in a sphere. And of the compound bodies in

J—

oL All local motions of movements according to place arc divided hy Aristotle into natural and
violent locat motions. In the case of compound bodies (that is, those bodies subject o gencration
and corruption and consisting of all those, and only those, bodies lying below the lunar sphere),
the natural local motions are ase of unimpeded and unpropelled fall; the violent local motions
are any propelled or interrupted motions. 1o the case of simple bodies {that is, the heavenly bodies
within and above the lunar sphere}, there are only natural local motions: the regular of uniform
dreular motions. Proletny here calis the natural local motions of compound bodies their preper
motions. "This ldistinction between natural and violent motions: is preserved by Galileo. For in his
‘Two New Sciences, natural motion i treated in the “ihird Day” and violent motion in the
‘Fourth Day.” In the Newtanian system, the distinction Is dissolved in & general mathematical
[reatment, 8 trealment nore in ling with the Platonic myth of the Timaews, and s¢ it loses

all meaning.
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the universe, to the extent of their proper and natural motion, the light and
subtle ones are scattered in flames to the outside and to the circumference, and
they seem to rash in the upward direction relative to each one because we toc
call “up” from above our heads to the enveloping surface of the universe; but
the heavy and coarse bodies move 10 the middie and centre and they seem to
£all downwards because again we all call “down” the direction from our feet
1o the carth’s centre. And they properly subside about the middle under the
ol and like resistance and impact against cach other. Therefore
the solid body of the earth is reasonably considered as being the largest relative
ro those moving against it and as remaining unmoved in any direction by the
force of the very small weights, and as it were absorbing their fall. And if it
had some one common movement, the same as that of the other weights, it
would clearly leave them all behind because of its much greater magnitude.
And the animals and other weights would be left hanging in the air, and the
carth would very quickly fall out of the heavens. Merely to conceive such

things makes them appear ridiculous.

Now some people, although they have
agrec on somcthing, as they think, more plausible. And it seems to them there
is nothing against their supposing, for instance, the heavens immobile and the
carth as turning on the same axis from west to east very nearly one revolution
a day; or that they both should move to scme extent, but only on the same axis
as we said, and conformably to the overtaking of the one by the other.

Put it has escaped their notice that, indeed, as far as the appearances of the
stars are concerned, nothing would perhaps keep things from being in accord-
ance with this simpler conjecture, but that in the light of what happens around
us in the air such a notion would seem altogether absurd. For in order for us
to grant them what is unnatural in itself, that the lightest and subtlest badies
either do not move at all or no differently from those of contrary nature, while

those less light and less cubtle bodies in the air are clearly more rapid than all
tat the heaviest and most compact
again these terrestrial

everywhere-equ

othing to appose to these arguments,

the more terrestrial ones; and to grant t
bodics have their proper swift and regular motion, while
bodies are certainly at umes not easily moved by anything else—for us to grant
these things, they would have to admit that the earth’s turning is the swiftest of
absolutely all the movements about it because of its making so great a revolu
il those things that were not at rest on the earth

ton in a short time, so that 2
to it, and never would a cloud be

would seem to have a movement contrary
seen to move toward the cast nor anything else that fiew or was thrawn into
the air. For the carth would always outstrip them in its eastward motion,
so that all other bodies would seem o be lefr behind and to move towards
the west,

For if they should say that the aix is also carried around with the earth in
the same direction and at the same speed, none the less the bodies contained in
it would always seem to be outstripped by the mevement of both. Ot if they
should be sarried around as if one with the air, neither the one nor the other
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Evoocﬁid apptlzgr ;as outstrlplpin'g, or being out.stripped by, the other. But these

b s would aiways remain in the same relative position and there would be no

w:\;;::lltlznctlezx;]changcuexth;r in the case of flying bodies or projectiles. And yet

we shal fc,]lowy :-tce ﬁ 8 things taking place as if their slowness or swiftness
all from the earth’s movement.

8. That There Are Two Different Prime Movements in the Heavens

detii:{vlﬂ;xbc s:l.fﬁcie?tufor these hypotheses, which have to be assumed for the
positions following them, to have been outlined here in such a.‘ -
gzai%ew:gnssigzsemey :Vllfl ﬁna}lg be established and confirmed by the agrcc:;:ent
of the consequ en;;rc)(l) s wit t.he appearances. In addition to those already
two diﬂ'ere}nt pril%"l(‘. mf}v:rsxi:;?f Ef‘t‘hwﬁu}d also()bc f‘igi;tly };nade et thers e
moves from east to west, always int fhecjav;is'wa;leaﬁdt ftt thye ‘:z?r:: f—'VCi‘Y{hlflg
from eas speed with
;;vct)ll;n;):gs L:ﬁrcl:;rciz (ﬂi:;iléels;% :?cch Ct))tfhct;’l and Flc;&rly ﬂcscribed abouf the poles
: g sphere. these circles the greatest iz called th
equator, because it alone is always cut exactly in half b gl ! ..12 bich i
a great circle of the sphere, and because everywhere th ’ “? vt e
it is sensibly equinoctial. The other movement is tb ) f%m.;'rcvc’l“twn_ o
spheres of the stars make certain local motions | 13thﬂbt9i A
that of the movement just described and a Ogs ”}1 o
first revolution. And we assume that it i oo bestune, whil, from s o
o reve ’ is so because, while, from each day’s
observs t;(r)lrcll, ;lirtjifeiiiz:}viﬁiy ebqoj;: arac (sicctn to rno\rt:l generally in paths sensigly
. r and to rise, culminate, and set (for such
tinLhocu spg%ps;r‘:r); t;.:fnthe ﬁrsz nﬁovemcnt), yet from subsequent and n'(lOrc con-
{fuous observati l::C:vten 1 }al the other stars appear to preserve their angular
s T ! Hfl)ovemo eac .(l)thcr and their properties as regards their places
ey e o ent, slt:l the sun and moon and planets make certain
comp ek movernenss | aequal to §ach other, but all centrary to the general
preserve tl’lcir respccti\?cezasltgzgiofilit;atﬁc;hcamdovemem Ofdthe o
* ! s and are moved as if by onc sphere.
e C,q:ﬁ:etg,r_t}tl}l:atrni:vcmcntdof the plancts also took place in circgzs parai)lclrti)
S ,t ;r;l:n thfc same poles as those of the first revolution—it
wonld be sufhcient Withuttlr:c For them ?ll one and the same revolving mave-
e n movemc;{lt e he irst. For it would then be plausible to suppose
But they always soem ats :he result ‘of a fag and not of a contrary movement,
o s 8 an,d S chsame time they move towards the east, to deviate
s e oria and - out hpo}es' without any uniform magnitude’s being
Bor ahhoush s devjat', so that this seems to befall them through impulsions.
ment it el Whmlonﬂgs irregular on the hypothesis of one prime move-
e 1t s reg hen ¢ ected by a circle oblique to the equator. And so
conceived one and the same for, and proper to, the planets,
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quite exactly expressed and as it Were described by the motion of the sun, but
craveled also by the moon and planets which ever wurn about it with every
deviation from it on the part of any planet cither way, a deviation within 2
prescribed distance and governed by rule. And since this is seen to be a great
circle also because of the sun's equal oscillation to the horth and south of the
equator, and since the eastward movements of all the plancts (as we said)
take place on onet and the same circle, it was necessary to suppose 2 second
movement different from the general oneg, & movement about the poles of this
oblique circle of ecliptic in the direction opposite to that of the first movement.

Then if we think of a great circle described through the poles of both the
circles iust mentioned, which necessarily cuts each of them--that is, the equator
and the circle snclined to it—exactly in half and at right angles, there will be
four points on the oblique circle or ecliptic: the two madle by the equator dia-
metrically opposite each other and called the equinoxes of which the one guard-
ing the northern approach 1s called spring, and the opposite one autumn. And
the two made by the circle drawn through both sets of poles, also clearly diamet-
sically opposite each other, are called the tropics, of which the one to the south
of the equator is called winter, and the one to the north summet.

"The onec first movement which contains all the others will be thought of
then as described and as if defined by the great circle, through both sets of poles,
which is carried around and carries with it all the rest from. cast to west about
the poles of the equator. And these poles are as if they were on what is called
the meridian, which differs from the circle through both sets of poles in this
alone: that it is not always drawn through the poles of the ecliptic, but is con-
ceived as continuously at right angles to the horizon and therefore called the
meridian, since such a position cutting in half as it does each of the two hemi-
spheres, that below the earth and that above, provides midday and midnight.
But the second movement, consisting of many parts and contained by the first,
and embracing itself all the planetary spheres’ is carried by the first as we said,
and revolves about the poles of the ecliptic in the opposite direction. And these
poles of the ecliptic being on the circte effecting the first revolution—that s,
on the circle drawn through all four poles together—are carried around with
it as one would expect; and, moving therefore with a motion opposite 16 the
second prime movement, in this way keep the position of the great circle which
is the ecliptic ever the same with respect to the equator.

J—
2 These are the two movements of the same and of the other described in Plato’s myth of

the Timaets.
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