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Lucretius

ON THE NATURE OF

THINGS

(BOOK v)



Lucretius

[99-55 B -c-l

So little is known about the life of Lucretius beyond his birth

and death dates that even scholars, with their zeal for filling

in lacunae, can only surmise from some casual phrases that

he went insane, that his work was edited by Cicero and that

he committed suicide. What remains undisputed is the exist-

ence of De Rerum Natura (On the Nature of Things). Two
centuries after the death of Epicurus, the doctrines of Epi-

cureanism, especially those which emphasize the liberation of

mankind from superstition and the fear of death, found re-

affirmation in Lucretius. Fundamentally a treatise on science,

the first four Books of this poem examine atoms and the void,

the soul, sense-perception, psychology and the will. The fifth

Book, which is given here in toto, considers the origin of the

world, astronomy, a study of species and their development,
human institutions, language, art and religion, and is a sum-

mary of prevailing scientific concepts just before the begin-

ning of the Christian era.



ON THE NATURE OF THINGS
(BOOK v)

LUCRETIUS

Who is able with powerful genius to frame a poem worthy
of the grandeur of the things and these discoveries? Or who
is so great a master of words as to be able to devise praises

equal to the deserts of him who left to us such prizes won
and earned by his own genius? None methinks who is formed
of mortal body. For if we must speak as the acknowledged
grandeur of the things itself demands, a god he was, a god,
most noble Memmius, who first found out that plan of life

which is now termed wisdom, and who by trained skill res-

cued life from such great billows and such thick darkness and

moored it in so perfect a calm and in so brilliant a light. Com-

pare the godlike discoveries of others in old times: Ceres is

famed to have pointed out to mortals corn, and Liber the

vine-born juice of the grape; though life might well have sub-

sisted without these things, as we are told some nations even

now live without them. But a happy life was not possible
without a clean breast; wherefore with more reason this man
is deemed by us a god, from whom come those sweet solaces

of existence which even now are distributed over great na-

tions and gently soothe men's minds. Then if you shall sup-

pose that the deeds of Hercules surpass his, you will be car-

ried still farther away from true reason. For what would yon
great gaping maw of Nemean lion now harm us and the bris-

tled Arcadian boar? Ay or what could the bull of Crete do
and the hydra plague of Lerna, fenced round with its en-
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4 LUCRETIUS

venomed snakes? Or how could the triple-breasted might of

threefold Geryon, how could the birds with brazen arrowy
feathers that dwelt in the Stymphalian swamps do us such

mighty injury, and the horses of Thracian Diomede breath-

ing fire from their nostrils along the Bistonian borders and

Ismara? And the serpent which guards the bright golden

apples of the Hesperides, fierce, dangerous of aspect, girding
the tree's stem with his enormous body, what harm pray
could he do us beside the Atlantic shore and its sounding

main, which none of us goes near and no barbarian ventures

to approach? And all other monsters of the kind which have

been destroyed, if they had not been vanquished, what harm
could they do, I ask, though now alive? None methinks: the

earth even now so abounds to repletion in wild beasts and

is filled with troublous terror throughout woods and great
mountains and deep forests; places which we have it for the

most part in our own power to shun. But unless the breast is

cleared, what battles and dangers must then find their way
into us in our own despite! What poignant cares inspired by
lust then rend the distressful man, and then also what mighty
fears! And pride, filthy lust and wantonness? What disasters

they occasion, and luxury and all sorts of sloth? He therefore

who shall have subdued all these and banished them from the

mind by words, not arms, shall he not have a just title to be

ranked among the gods? And all the more so that he was
wont to deliver many precepts in beautiful and god-like

phrase about the immortal gods themselves and to open up
by his teachings all the nature of things.

While walking in his footsteps I follow out his reasonings
and teach by my verses, by what law all things are made,
what necessity there is then for them to continue in that law,

and how impotent they are to annul the binding statutes of

time: foremost in which class of things the nature of the mind
has been proved to be formed of a body that had birth and to

be unable to endure unscathed through great time, mere idols

being wont to mock the mind in sleep, when we seem to see

him whom life has abandoned: to continue, the order of my
design has now brought me to this point, where I must pro-
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ceed to show that the world is formed of a mortal body and

at the same time had birth; to show too in what way that

union of matter founded earth, heaven, sea, stars, sun, and the

ball of the moon; also what living creatures sprang out of

the earth, as well as those which never at any time were born;
in what way too mankind began to use with one another

varied speech by the names conferred on things; and also in

what ways yon fear of the gods gained an entry into men's

breasts, and now throughout the world maintains as holy
fanes, lakes, groves, altars, and idols of the gods. Furthermore

I shall make clear by what force piloting nature guides the

courses of the sun and the wanderings of the moon; lest haply
we imagine that these of their own free will between heaven

and earth traverse their everlasting orbits, graciously further-

ing the increase of crops and living creatures, or we think

they roll on by any forethought of the gods. For they who
have been rightly taught that the gods lead a life without care,

if nevertheless they wonder by what plan all things can be

carried on, above all in regard to those things which are seen

overhead in the ethereal borders, are borne back again into

their old religious scruples and take unto themselves hard

taskmasters, whom they poor wretches believe to be almighty,
not knowing what can, what cannot be, in short by what

system each thing has its powers defined, its deep-set bound-

ary mark.

Well then not to detain you any longer by mere promises,
look before all on seas and lands and heaven: their threefold

nature, their three bodies, Memmius, three forms so unlike,

three such wondrous textures a single day shall give over to

destruction; and the mass and fabric of the world upheld for

many years shall tumble to ruin. Nor can I fail to perceive
with what a novel and strange effect it falls upon the mind,

this destruction of heaven and earth that is to be, and how
hard it is for me to produce a full conviction of it by words;

as is the case when you bring to the ears a thing hitherto un-

exampled, and yet you cannot submit it to the eyesight nor

put it into the hands; through which the straightest highway
of belief leads into the human breast and quarters of the mind.
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But yet I will speak out: it well may be that the reality itself

will bring credit to my words and that you will see earth-

quakes arise and all things grievously shattered to pieces in

short time. But this may pilot fortune guide far away from us,

and may reason rather than the reality convince that all things

may be overpowered and tumble in with a frightful crash.

But before I shall begin on this question to pour forth de-

crees of fate with more sanctity and much more certainty
than the Pythia who speaks out from the tripod and laurel of

Phoebus, I will clearly set forth to you many comforting top-
ics in learned language; lest held in the yoke of religion you
haply suppose that earth and sun and heaven, sea, stars, and

moon must last for ever with divine body; and therefore think

it right that they after the fashion of the giants should all

suffer punishment for their monstrous guilt, who by their

reasoning displace the walls of the world and seek to quench
the glorious sun of heaven, branding immortal things in mor-

tal speech; though in truth these things are so far from pos-

sessing divinity and are so unworthy of being reckoned in the

number of gods, that they may be thought to afford a notable

instance of what is quite without vital motion and sense. For

it is quite impossible to suppose that the nature and judgment
of the mind can exist with any body whatever; even as a tree

cannot exist in the ether nor clouds in the salt sea, nor can

fishes live in the fields nor blood exist in woods nor sap in

stones. Where each thing can grow and abide is fixed and

ordained. Thus the nature of the mind cannot come into being
alone without the body nor exist far away from the sinews

and blood. But if (for this would be much more likely to

happen than that) the force itself of the mind might be in the

head or shoulders or heels or might be born in any other part
of the body, it would after all be wont to abide in one and

the same man or vessel. But since in our body even it is fixed

and seen to be ordained where the soul and the mind can

severally be and grow, it must still more strenuously be de-

nied that it can abide out of the body and the living room al-

together in crumbling clods of earth or in the fire of the sun

or in water or in the high borders of ether. These things there-
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fore are not possessed of divine sense, since they cannot be

quickened with the vital feeling.

This too you may not possibly believe, that the holy seats

of the gods exist in any parts of the world: the fine nature of

tfye gods far withdrawn from our senses is hardly seen by the

thought 6f the mind; and since it has ever eluded the touch

and stroke of the hands, it must touch nothing which is tan-

gible for us; for that cannot touch which does not admit of

being touched in turn. And therefore their seats as well must

be unlike our seats, fine, even as their bodies are fine. All

which I will prove to you later in copious argument. To say

again that for the sake of men they have willed to set in order

the glorious nature of the world and therefore it is meet to

praise the work of the gods calling as it does for all praise,

and to believe that it will be eternal and immortal, and that

it is an unholy thing ever to shake by any force from its fixed

seats that which by the forethought of the gods in ancient

days has been established on everlasting foundations for man-

kind, or to assail it by speech and utterly overturn it from top
to bottom; and to invent and add other figments of the kind,

Memmius, is all sheer folly. For what advantage can our grati-

tude bestow on immortal and blessed beings, that for our

sakes they should take in hand to administer aught? And what

novel incident should have induced them hitherto at rest so

long after to desire to change their former life? For it seems

natural he should rejoice in a new state of things, whom old

things annoy; but for him whom no ill has befallen in times

gone by, when he passed a pleasant existence, what could have

kindled in such a one a love of change? Did life lie grovelling
in darkness and sorrow, until the first dawn of the birth-time

of things? Or what evil had it been for us never to have been

born? Whoever has been born must want to continue in life,

so long as fond pleasure shall keep him; but for him who has

never tasted the love, never been on the lists, of life, what
harm not to have been born? Whence again was first im-

planted in the gods a pattern for begetting things in general
as well as the preconception of what men are, so that they
knew and saw in mind what they wanted to make? And in
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what way was the power of first-beginnings ever ascertained,

and what they could effect by a change in their mutual ar-

rangements, unless nature herself gave the model for making

things? For in suchwise the first-beginnings of things many in

number in many ways impelled by blows for infinite ages
back and kept in motion by their own weights have been

wont to be carried along and to unite in all manner of ways
and thoroughly test every kind of production possible by
their mutual combinations; that it is not strange if they have

also fallen into arrangements and have come into courses

like to those out of which this sum of things is now carried

on by constant renewing.
But if I did not know what first-beginnings of things are,

yet this judging by the very arrangements of heaven I would

venture to affirm, and led by many other facts to maintain,

that the nature of things has by no means been made for us

by divine power: so great are the defects with which it is

encumbered. In the first place of all the space which the vast

reach of heaven covers, a portion greedy mountains and

forests of wild beasts have occupied, rocks and wasteful pools
take up and the sea which holds wide apart the coasts of dif-

ferent lands. Next of nearly two thirds burning heat and the

constant fall of frost rob mortals. What is left for
tillage,

even that nature by its power would overrun with thorns,

unless the force of man made head against it, accustomed

for the sake of a livelihood to groan beneath the strong
hoe and to cut through the earth by pressing down the

plough. Unless by turning up the fruitful clods with the

share and labouring the soil of the earth we stimulate things
to rise, they could not spontaneously come up into the clear

air; and even then sometimes when things earned with great
toil now put forth their leaves over the lands and are all in

blossom, either the ethereal sun burns them up with excessive

heats or sudden rains and cold frosts cut them off, and the

blasts of the winds waste them by a furious hurricane. Again

why does nature give food and increase to the frightful race

of wild beasts dangerous to mankind both by sea and land?

Why do the seasons of the year bring diseases in their train?

Why stalks abroad untimely death? Then too the baby, like
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to a sailor cast away by the cruel waves, lies naked on the

ground, speechless, wanting every furtherance of life, soon as

nature by the throes of birth has shed him forth from his

mother's womb into the borders of light: he fills the room
with a rueful wauling, as well he may whose destiny it is to go

through in life so many ills. But the different flocks, herds,

and wild beasts grow up; they want no rattles; to none of

them need be addressed the fond broken accents of the foster-

ing nurse; they ask not different dresses according to the

season; no nor do they want arms or lofty walls, whereby to

protect their own, the earth itself and nature manifold in her

works producing in plenty all things for all.

First of all, since the body of the earth and water and the

light breath of air and burning heats, out of which this sum
of things is seen to be formed, do all consist of a body that

had a birth and is mortal, the whole nature of the world must

be reckoned of a like body. For those things whose parts and

members we see to be of a body that had a birth and of forms

that are mortal, we perceive to be likewise without exception
mortal, and at the same time to have had a birth. Since there-

fore I see that the chiefest members and parts of the world

are destroyed and begotten anew, I may be sure that for

heaven and earth as well there has been a time of beginning
and there will be a time of destruction.

And herein that you may not think I have unfairly seized

on this point for myself, because I have assumed that earth

and fire are mortal and have not doubted that water and air

perish, and have said that these are likewise begotten and

grow afresh, mark the proofs: first of all some portion of the

earth, burnt up by constant suns, trampled by a multitude of

feet, sends forth a cloud and flying eddies of dust, which the

strong winds disperse over the whole air. Part too of the soil

is put under water by rains, and rivers graze against and eat

into the banks. Again whatever increases something else, is in

its turn replenished; and since beyond a doubt earth the uni-

versal mother is found at the same time to be the general
tomb of things, therefore you see she is lessened and increases

and grows again.

Furthermore, that sea, rivers, fountains always stream over
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with new moisture and that waters well up without ceasing,

it needs no words to prove: the great flow of waters from all

sides clearly shows it. But then the water on the surface is

always taken off, and thus it is that on the whole there is no

overflow, partly because the seas are lessened by the strong
winds sweeping over them and by the ethereal surf decom-

posing them with his rays; partly, because the water is dif-

fused below the surface over all lands; for the salt is strained

off and the matter of liquid streams back again to the source

and all meets together at the river heads, and then flows over

the lands in a fresh current, where a channel once scooped out

has carried down the waters with liquid foot.

And next I will speak of the air which is changed over its

whole body every hour in countless ways. For whatever

ebbs from things, is all borne always into the great sea of air;

and unless it in return were to give back bodies to things and

to recruit them as they ebb, all things ere now would have

been dissolved and changed into air. It therefore ceases not to

be begotten from things and to go back into things, since it is

a fact that all things constantly ebb.

Likewise the abundant source of clear light, the ethereal

sun, constantly floods heaven with fresh brightness and sup-

plies the place of light on the instant by new light; for every

previous emission of brightness is quite lost to it, wherever it

falls. This you may know from the following examples: as

soon as ever clouds begin to pass below the sun and to break

off so to say the rays of light, forthwith their lower part is

wholly lost, and the earth is over-shadowed wherever the

clouds pass over; so that you may know that things constantly

require new irradiation and that all the preceding emissions

of light are lost, and in no other way can things be seen in

the sun, unless the fountain head of light itself send a supply.

Moreover, you see, nightly lights which belong to earth, such

as hanging lamps and torches bright with darting flames,

hasten in like fashion amid great darkness with ministering
heat to supply new light; are eager to bicker with fires, ay

eager; nor is the light ever broken off nor does it quit the

spots illuminated: with such suddenness is its destruction
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concealed by the swift birth of flame from all the fires at once.

In the same way then we must believe that sun, moon, and

stars emit light from fresh and ever fresh supplies rising up,
and always lose every previous discharge of flames; that you
may not haply believe that these flourish indestructible.

Again see you not that even stones are conquered by time,

that high towers fall and rocks moulder away, that shrines

and idols of gods are worn out with decay, and that the holy

divinity cannot prolong the bounds of fate or struggle against
the fixed laws of nature? Then see we not the monuments
of men, fallen to ruin, ask for themselves as well whether

you'd believe that they decay with years? See we not basalt

rocks tumble down river away from high mountains and

unable to endure and suffer the strong might of finite age?

Surely they would never fall suddenly thus riven away, if

for infinite time past they had held out against all the bat-

teries of age without a crash.

Again gaze on this, which about and above holds in its

embrace all the earth: if it begets all things out of itself, as

some say, and takes them back when they are destroyed, then

the whole of it has had a birth and is of a mortal body; for

whatever gives increase and food out of itself to other things,

must be lessened; and must be replenished, when it takes

things back.

Again if there was no birth-time of earth and heaven and

they have been from everlasting, why before the Theban war

and the destruction of Troy have not other poets as well

sung other themes? Whither have so many deeds of men so

often passed away, why live they nowhere embodied in last-

ing records of fame? The truth methinks is that the sum has

but a recent date and the nature of the world is new and has

but lately had its commencement. Wherefore even now some

arts are receiving their last polish, some are even in course of

growth: just now many improvements have been made in

ships; only yesterday musicians have given birth to tuneful

melodies; then too this nature or system of things has been

discovered lately, and I the very first of all have only now
been found able to transfer it into native words. But if haply
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you believe that before this all things have existed just the

same, but that the generations of men have perished by burn-

ing heat, or that cities have fallen by some great concussion

of the world, or that after constant rains devouring rivers

have gone forth over the earth and have whelmed towns, so

much the more you must yield and admit that there will be

entire destruction too of earth and heaven; for when things
were tried by so great distempers and so great dangers, at

that time had a more disastrous cause pressed upon them, they
would far and wide have gone to destruction and mighty ruin.

And in no other way are we proved to be mortals, except be-

cause we all alike in turn fall sick of the same diseases which
those had whom nature has withdrawn from life.

Again whatever things last for ever, must either, because

they are of solid body, repel strokes and not suffer aught to

pass into them, sufficient to disunite the closely massed parts
within: such are the bodies of matter whose nature we have

shown before: or they must be able to endure through all

time for this reason, because they are exempt from blows, as

void is which remains untouched and suffers not a jot from

any stroke; or else because there is no extent of room around,
into which things so to say may depart and be broken up: in

this way the sum of sums is eternal and there is no place out-

side into which things may spring asunder, nor are there any
bodies which can fall upon them and dissolve them by a

powerful blow. But the nature of the world, as I have shown,
is neither of solid body, since void is mixed up in things, nor

is it again like void, no nor is there lack of bodies that may
haply rise up in mass out of the infinite and overthrow this

sum of things with furious tornado or bring upon them some
other perilous disaster; nor further is the nature of room or the

space of deep void wanting, into which the walls of the world

may be scattered abroad; or they may be assailed and perish

by some other force. Therefore the gate of death is not

closed against heaven or sun or earth or the deep waters of

the sea, but stands open and looks towards them with huge
wide-gaping maw. And therefore also you must admit that

these things likewise had a birth; for things which are of

mortal body could not for an infinite time back up to the
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present have been able to set at naught the puissant strength of

immeasurable age.

Again since the chiefest members of the world fight so

hotly together, fiercely stirred by no hallowed civil warfare,

see you not that some limit may be set to their long struggle?
Either wHen the sun and all heat shall have drunk up all the

waters and gotten the mastery: this they are ever striving to

do, but as yet are unable to accomplish their endeavours: such

abundant supplies the rivers furnish, and threaten to turn ag-

gressors and flood all things with a deluge from the deep gulfs
of ocean; all in vain, since the winds sweeping over the seas

and the ethereal sun decomposing them with his rays do
lessen them, and trust to be able to dry all things up before

water can attain the end of its endeavour. Such a war do they
breathe out with undecided issue, and strive with each other

to determine it for mighty ends; though once by the way fire

got the upper hand and once, as the story goes, water reigned

paramount in the fields. Fire gained the mastery and licked

and burnt up many things, when the headstrong might of the

horses of the sun dashed from the course and hurried Phaethon

through the whole sky and over all lands. But the almighty
father, stirred then to fierce wrath, with a sudden thunder-

stroke dashed Phaethon down from his horses to earth, and

the sun meeting him as he fell caught from him the ever-

burning lamp of the world and got in hand the scattered

steeds and yoked them shaking all over; then guided them on
their proper course and gave fresh life to all things. Thus to

wit have the old poets of the Greeks sung; though it is all too

widely at variance with true reason. Fire may gain the mastery
when more bodies of matter than usual have gathered them-

selves up out of the infinite; and then its powers decay, van-

quished in some way or other, or else things perish burnt up
by the torrid air. Water too of yore gathered itself and be-

gan to get the mastery, as the story goes, when it whelmed

many cities of men; and then when all that force that had

gathered itself up out of the infinite, by some means or other

was turned aside and withdrew, the rains were stayed and

the rivers abated their fury.
But in what ways yon concourse of matter founded earth
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and heaven and the deeps of the sea, the courses of the sun

and moon, I will next in order describe. For verily not by de-

sign did the first-beginnings of things station themselves each

in its right place by keen intelligence, nor did they bargain
sooth to say what motions each should assume, but because

the first-beginnings of things many in number in many ways

impelled by blows for infinite ages back and kept in motion

by their own weights have been wont to be carried along and

to unite in all manner of ways and thoroughly to test every
kind of production possible by their mutual combinations,

therefore it is that spread abroad through great time after

trying unions and motions of every kind they at length meet

together in those masses which suddenly brought together
become often the rudiments of great things, of earth, sea, and

heaven and the race of living things.

At this time then neither could the sun's disc be discerned

flying aloft with its abundant light, nor the stars of great

ether, nor sea nor heaven, no nor earth nor air, nor could any

thing be seen like to our things, but only a strange stormy
crisis and medley, gathered together out of first-beginnings of

every kind, whose state of discord joining battle disordered

their interspaces, passages, connexions, weights, blows, clash-

ings, and motions, because by reason of their unlike forms

and varied shapes they could not all remain thus joined to-

gether nor fall into mutually harmonious motions. Then next

the several parts began to fly asunder and things to be joined
like with like and to mark off the world and portion out its

members and arrange its mighty parts, that is to say, to sep-

arate high heaven from earth, and let the sea spread itself out

apart with its unmixed water, and likewise let the fires of

ether spread apart pure and unmixed.

For first the several bodies of earth, because they were

heavy and closely entangled, met together in the middle and

took up all of them the lowest positions; and the more they

got entangled and the closer their union, the more they

squeezed out those particles which were to make up sea,

stars, sun, and moon and the walls of the great world. All

these are of smooth and round seeds and of much smaller
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elements than the earth. Therefore the fire-laden ether first

burst out from the different parts of the earth through all the

porous openings and lightly bore off with itself many fires;

much in the same way as we often see, so soon as the morning

light of ^the beaming sun blushes golden over the grass

jewelled with dew, and the pools and the ever-running rivers

exhale a mist, and even as the earth itself is sometimes seen

to smoke; and when all these are gathered together aloft, then

do clouds on high with a now cohering body weave a cover-

ing beneath heaven. In this way therefore then the light and

expansive ether with its now cohering body swept round and

arched itself on all sides and expanding widely in all directions

round in this way fenced all other things in with its greedy

grasp. After it followed the rudiments of sun and moon, whose

spheres turn round in air midway between earth and ether:

these neither earth has taken unto itself nor greatest ether,

because they were neither heavy enough to sink and settle

down nor light enough to glide along the uppermost borders;

they yet however are so placed between the two as to wheel

along their life-like bodies and still to be parts of the whole

world; just as in us some members may be at rest, while

others at the same time are in motion. These things then being

withdrawn, the earth in those parts where the vast azure level

of ocean now spreads, in a moment sank in and drenched with

salt flood the hollows. At every day the more the heats of

ether round and the rays of the sun on all sides compressed
the earth into a close mass by oft-repeated blows on all its

outer edges, so that thus buffeted it was condensed and drawn

together about its centre, ever the more did the salt sweat

squeezed out of its body increase by its oozings the sea and

floating fields, and ever the more did those many bodies of

heat and air escape and fly abroad and condense far away from

earth the high glittering quarters of heaven. The plains sank

down, the high hills grew in elevation; for the rocks could not

settle down nor all the parts sink to one uniform level.

Thus then the ponderous mass of earth was formed with

close-cohering body and all the slime of the world so to speak
slid down by its weight to the lowest point and settled at the
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bottom like dregs. Then the sea, then the air, then the fire-

laden ether itself, all are left unmixed with their clear bodies;

and some are lighter than others, and clearest and lightest of

all ether floats upon the airy currents, and blends not its clear

body with the troubled airs; it suffers all these things below

to be upset with furious hurricanes, suffer them to be troubled

by wayward storms; while it carries along its own fires gliding
with a changeless onward sweep. For that ether may stream

on gently and with one uniform effort the Pontos shows, a

sea which streams with a changeless current, ever preserving
one uniform gliding course.

Let us now sing what causes the motions of the stars. In the

first place, if the great sphere of heaven revolves, we must

say that an air presses on the pole at each end and confines it

on the outside and closes it in at both ends; and then that a

third air streams above and moves in the same direction in

which roll on as they shine the stars of the eternal world; or

else that this third air streams below in order to carry up the

sphere in the contrary direction; just as we see rivers turn

wheels and water-scoops. It is likewise quite possible too that

all the heaven remains at rest, while at the same time the glit-

tering signs are carried on; either because rapid heats of ether

are shut in and whirl round while seeking a way out and roll

their fires in all directions through heaven's Summanian

quarters; or else an air streaming from some part from another

source outside drives and whirls the fires; or else they may
glide on of themselves going withersoever the food of each

calls and invites them, feeding their flamy bodies everywhere

throughout heaven. For which of these causes is in operation
in this world, it is not easy to affirm for certain; but what

can be and is done throughout the universe in various worlds

formed on various plans, this I teach, and I go on to set forth

several causes which may exist throughout the universe for

the motions of stars; one of which however must in this

world also be the cause that imparts lively motion to the signs;

but to dictate which of them it is, is by no means the duty of

the man who advances step by step.

And in order that the earth may rest in the middle of the
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world, it is proper that its weight should gradually pass away
and be lessened, and that it should have another nature under-

neath it conjoined from the beginning of its existence and

formed into one being with the airy portions of the world in

which it is embodied and lives. For this reason it is no burden

and does* not weigh down the air; just as his limbs are of no

weight to a man nor is his head a burden to his neck, nor do

we feel that the whole weight of the body rests on the feet;

but whatever weights come from without and are laid upon
us, hurt us though they are often very much smaller: of such

great moment it is what function each thing has to perform.
Thus then the earth is not an alien body suddenly brought in

and forced from some other quarter on air alien to it, but was

conceived together with it at the first birth of the world and is

a fixed portion of that world, just as our limbs are seen to be

to us. Again the earth when suddenly shaken by loud thunder

shakes by its motion all the things which are above it; and this

it could in no wise do, unless it had been fast bound with the

airy portions of the world and with heaven. For the earth and

they cohere \vith one another by common roots, conjoined
and formed into a single being from the beginning of their

existence. See you not too that great as is the weight of our

body, the force of the soul, though of the extremest fineness,

supports it, because it is so closely conjoined and formed into

a single being with it? Then too what is able to lift the body
with a nimble bound save the force of the mind which guides
the limbs? Now do you see what power a subtle nature may
have, when it is conjoined with a heavy body, as the air is

conjoined with the earth and the force of the mind with us?

Again the disc of the sun cannot be much larger nor its

body of heat much smaller, than they appear to be to our

senses. For from whatever distances fires can reach us with

their light and breathe on our limbs burning heat, those dis-

tances take away nothing by such spaces between from the

body of the flames, the fire is not in the least narrowed in ap-

pearance. Therefore since the heat of the sun and the light

which it sheds reach our senses and stroke the proper places,
the form too and size of the sun must be seen from this earth
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in their real dimensions, so that you may not add anything
whatever more or less. And whether the moon as it is borne

on illuminates places with a borrowed light, or emits its own

light from its own body, whatever that is, the form with

which it is thus borne on is not at all larger than the one whicji

it presents to our eyes seems to us to be. For all things which

we see at a great distance through much air, look dimmed in

appearance before their size is diminished. Therefore since

the moon presents a bright aspect and well-defined form, it

must be seen on high by us from this earth precisely such as

it is in the outline which defines it, and of the size it actually
is. Lastly in the case of all those fires of ether which you ob-

serve from this earth since in the case of fires which we see

here on earth, so long as their flickering is distinct, so long as

their heat is perceived, their size is seen sometimes to change
to a very very small extent either way, according to the dis-

tance at which they are you may infer that the fires of ether

may be smaller than they look in an extremely minute degree,
or larger by a very small and insignificant fraction.

This likewise need not excite wonder, how it is that so

small a body as yon sun can emit so great a light, enough to

flood completely seas and all lands and heaven and to steep all

things in its burning heat. It well may be that a single spring
for the whole world may open up from this spot and gush
out in plenteous stream and shoot forth light, because ele-

ments of heat meet together from all sides out of the whole

world in such manner and the mass of them thrown together
streams to a point in such manner, that this heat wells forth

from a single source. See you not too what a breadth of

meadowland a small spring of water sometimes floods, stream-

ing out over the fields? It is likewise possible that heat from

the sun's flame though not at all great may infect the whole

air with fervent fires, if haply the air is in a suitable and

susceptible state, so that it can be kindled when struck by
small bodies of heat; thus we see sometimes a general con-

flagration from a single spark catch fields of corn and stubble.

Perhaps too the sun as he shines aloft with rosy lamp has

round about him much fire with heats that are not visible, and
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thus the fire may be marked by no radiance, so that fraught
with heat it increases to such a degree the stroke of the rays.

Nor with regard to the sun is there one single explanation,
certain and manifest, of the way in which he passes from his

summer positions to the midwinter turning-point of Capri-
corn and then coming back from thence bends his course to

the solstitial goal of Cancer, and how the moon is seen once

a month to pass over that space, in traversing which the sun

spends the period of a year. No single plain cause, 1 say, has

been assigned for these things. It seems highly probable that

that may be the truth which the revered judgment of the

worthy man Democritus maintains: the nearer the different

constellations are to the earth, the less they can be carried

along with the whirl of heaven; for the velocity of its force,

he says, passes away and the intensity diminishes in the lower

parts, and therefore the sun is gradually left behind with the

rearward signs, because he is much lower than the burning

signs. And the moon more than the sun: the lower her path
is and the more distant she is from heaven and the nearer she

approaches to earth, the less she can keep pace with the signs.

For the fainter the whirl is in which she is borne along, being
as she is lower than the sun, so much the more all the signs

around overtake and pass her. Therefore it is that she appears
to come back to every sign more quickly, because the signs go
more quickly back to her. It is quite possible too that from

quarters of the world crossing the sun's path two airs may
stream each in its turn at a fixed time; one of which may force

the sun away from the summer signs so far as his midwinter

turning-point and freezing cold, and the other may force him
back from the freezing shades of cold as far as the heat-laden

quarters and burning signs. And in like manner we must sup-

pose that the moon, and the stars which make revolutions of

great years in great orbits may pass by means of airs from

opposite quarters in turn. See you not too that clouds from

contrary winds pass in contrary directions, the upper in a

contrary way to the lower? Why may not yon stars just as

well be borne on through their great orbits in ether by cur-

rents contrary one to the other?
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But night buries the earth in thick darkness, either when
the sun after his long course has struck upon the utmost parts
of heaven and now exhausted has blown forth all his fires

shaken by their journey and weakened by passing through
much air: or else because the same force which has carried on
his orb above the earth, compels him to change his course and

pass below the earth.

At a fixed time too Matuta spreads rosy morning over the

borders of ether and opens up their light, either because the

same sun, coming back below the earth, seizes heaven before

his time trying to kindle it with his rays; or because fires

meet together and many seeds of heat are accustomed to

stream together at a fixed time, which cause new sunlight to

be born every day. Thus they tell that from the high moun-
tains of Ida scattered fires are seen at day-break, that these

then unite as it were into a single ball and make up an orb.

And herein it ought to cause no surprise that these seeds of

fire stream together at a time so surely fixed and reproduce
the radiance of the sun. For we see many occurrences which

take place at a fixed time in all things. At a fixed time trees

blossom and at a fixed time shed their blossoms; and at a time

no less surely fixed age bids the teeth be shed and the boy

put on the soft dress of puberty and let a soft beard fall down

equally from each cheek. Lastly lightnings, snow, rains,

clouds, and winds take place at not very irregular seasons of

year. For where causes from their very first-beginnings have

been in this way and things have thus fallen out from the first

birth of the world, in due sequence too they now ccme round

after a fixed order.

Likewise days may lengthen and nights wane, and days
shorten when the nights receive increase, either because the

same sun running his course below the earth and above in

curves of unlike length parts the borders of ether and divides

his orbit into unequal halves; and as he comes round adds on

in the opposite half just as much as he has subtracted from the

other of the two halves, until he has arrived at that sign of

heaven, where the node of the year makes the shades of night
of the same length as the daylight. For when the sun's course
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lies midway between the blast of the north and of the south,

heaven keeps his two goals apart at distances now rendered

exactly equal on account of the position of the whole starry

circle, in gliding through which the sun takes up the period
of a year, lighting with slanting rays earth and heaven; as is

clearly shown by the plans of those who have mapped out all

the quarters of heaven as they are set off with their array of

signs. Or else because the air is denser in certain parts, there-

fore the quivering beam of fire is retarded below the earth and

cannot easily pass through and force its way out to its place of

rising: for this reason in wintertime nights linger long, ere the

beamy badge of day arrive. Or else, because in the way just

mentioned at alternate parts of the year fires are accustomed

to stream together more slowly and more quickly, which
cause the sun to rise in a certain point, therefore it is that

those appear to speak the truth who suppose a fresh sun to be

born every day.
The moon may shine because struck by the sun's rays, and

turn that light every day more and more directly towards our

sight, in proportion as she recedes from the sun's orb, until

just opposite to him she has shone out with full light and at

her rising as she soars aloft has beheld his setting; and then by
slow steps reversing as it were her course she must in the same

way hide her light, the nearer and nearer she now glides to

the sun from a different quarter through the circle of the

signs; according to the theory of those who suppose the moon
to be like a ball and to hold on her course under the sun. She

may also very possibly revolve with her own light and display
various phases of brightness; for there may well be another

body which is carried on and glides in her company getting
before her path and obstructing her in all manner of ways
and yet cannot be seen, because it glides on without light. She

may also revolve, like it may be to a spherical ball steeped
over one half in shining light, and as she rolls round this

sphere she may present changing phases, until she has turned

that half which is illuminated full towards our sight and open

eyes; then by slow steps she whirls back and withdraws the

light-fraught half of the spherical ball; as the Babylonian
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science of the Chaldees refuting the system of the astronomers

essays to prove in opposition to them; just as though that

which each party fights for might not be equally true, or

there were any reason why you should venture to embrace

the one theory less than the other. Again, why a new moon
should not be born every day after a regular succession of

forms and regular phases, and each day the one which is born

perish and another be produced in its room and stead, it is not

easy to teach by reasoning or prove by words, since so many
things can be born in such a regular succession. Spring and

Venus go their way, and the winged harbinger of Venus

steps on before; and close on Zephyr's footprints mother Flora

strews all the way before them and covers it over with the

choicest colours and odours. Next in order follows parching
heat, and in its company dusty Ceres and the Etesian blasts

of the north winds. Next autumn advances and Euhius Euan

steps on together. Then other seasons and winds follow, loud-

roaring Volturnus and the southwind stored with lightning.

At last midwinter brings with it snows and gives back be-

numbing cold; after it follows winter with teeth chattering
with cold. It is therefore the less strange that a moon is be-

gotten at a fixed time and at a fixed time is destroyed again,

since many things may take place at a time so surely fixed.

The eclipses of the sun likewise and the obscurations of the

moon you may suppose to take place from many different

causes. For why should the moon be able to shut the earth out

from the sun's light and on the earthward side put in his way
her high-exalted head, placing her dark orb before his burn-

ing rays; and yet at the same time it be thought that another

body gliding on ever without light cannot do the same? Why
too should not the sun be able, quite exhausted, to lose his fires

at a fixed time, and again reproduce his light when in his

journey through the air he has passed by spots fatal to his

flames, which cause his fires to be quenched and to perish?
And why should the earth be able in turn to rob the moon of

light and moreover herself to keep the sun suppressed, while

in her monthly course she glides through the well-defined

shadows of the cone; and yet at the same time another body
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not be able to pass under the moon or glide above the sun's

orb, breaking off its rays and the light it sheds forth? Yes and
if the moon shines with her own brightness, why should she

not be able to grow faint in a certain part of the world, while

she is passing through spots hostile to her own light?

And now further since I have explained in what way every-

thing might take place throughout the blue of the great

heaven; how we might know what force and cause set in mo-
tion the varied courses of the sun and wanderings of the

moon; and in what way their light might be intercepted and

they be lost to us and spread darkness over the earth little ex-

pecting it, when so to speak they close their eye of light and

opening it again survey all places shining in bright radiance,

I now go back to the infancy of the world and the tender age
of the fields of earth and show what first in their early essays
of production they resolved to raise into the borders of light

and give in charge to the wayward winds.

In the beginning the earth gave forth all kinds of herbage
and verdant sheen about the hills and over all the plains; the

flowery meadows glittered with the bright green hue, arid

next in order to the different trees was given a strong and

emulous desire of growing up into the air with full unbridled

powers. As feathers and hairs and bristles are first born on the

limbs of four-footed beasts and the body of the strong of

wing, thus the new earth then first put forth grass and bushes,

and next gave birth to the races of mortal creatures springing

up many in number in many ways after divers fashions. For

no living creatures can have dropped from heaven nor can

those belonging to the land have come out of the salt pools.

It follows that with good reason the earth has gotten the name
of mother, since all things have been produced out of the

earth. And many living creatures even now spring out of the

earth taking form by rains and the heat of the sun. It is there-

fore the less strange if at that time they sprang up more in

number and larger in size, having come to maturity in the

freshness of earth and ether. First of all the race of fowls and

the various birds would leave their eggs, hatched in the spring-

time, just as now in summer the cicades leave spontaneously



24 LUCRETIUS

their gossamer coats in quest of a living and life. Then you
must know did the earth first give forth races of mortal

men. For much heat and moisture would then abound in the

fields; and therefore wherever a suitable spot offered, wombs
would grow attached to the earth by roots; and when the

warmth of the infants, flying the wet and craving the air, had

opened these in the fulness of time, nature would turn to that

spot the pores of the earth and constrain it to yield from its

opened veins a liquid most like to milk, even as now-a-days

every woman when she has borne, is filled with sweet milk,

because all that current of nutriment streams towards the

breasts. To the children the earth would furnish food, the

heat raiment, the grass a bed rich in abundance of soft down.

Then the fresh youth of the world would give forth neither

severe colds nor excessive heats nor gales of great violence;

for all things grow and acquire strength in a like proportion.
Wherefore again and again I say the earth with good title

has gotten and keeps the name of mother, since she of herself

gave birth to mankind and at a time nearly fixed shed forth

every beast that ranges wildly over the great mountains, and

at the same time the fowls of the air with all their varied

shapes. But because she must have some limit set to her bear-

ing, she ceased like a woman worn out by length of days. For

time changes the nature of the whole world and all things
must pass on from one condition to another, and nothing con-

tinues like to itself: all things quit their bounds, all things
nature changes and compels to alter. One thing crumbles

away and is worn and enfeebled with age, then another comes

unto honour and issues out of its state of contempt. In this

way then time changes the nature of the whole world and

the earth passes out of one condition into another: what once

it could, it can bear no more, in order to be able to bear what

before it did not bear.

And many monsters too the earth at that time essayed to

produce, things coming up with strange face and limbs, the

man-woman, a thing between the two and neither the one sex

nor the other, widely differing from both; some things de-

prived of feet, others again destitute of hands, others too
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proving dumb without mouth, or blind without eyes, and

things bound fast by the adhesion of their limbs over all the

body, so that they could not do anything nor go anywhere
nor avoid the evil nor take what their needs required. Every
other monster and portent of this kind she would produce,
but all in vain, since nature set a ban on their increase and

they could not reach the coveted flower of age nor find food

nor be united in marriage. For we see that many conditions

must meet together in things in order that they may beget
and continue their kinds; first a supply of food, then a way
by which the bird-producing seeds throughout the frame may
stream from the relaxed limbs; also in order that the woman

may be united with the male, the possession of organs whereby
they may each interchange mutual joys.

And many races of living things must then have died out

and been unable to beget and continue their breed. For in the

case of all things which you see breathing the breath of life,

either craft or courage or else speed has from the beginning
of its existence protected and preserved each particular race.

And there are many things which, recommended to us by
their useful services, continue to exist consigned to our pro-
tection. In the first place the fierce breed of lions and the

savage races their courage has protected, foxes their craft

and stags thejY proneness to fight. But light-sleeping dogs
with faithful h :art in breast and every kind which is born of

the seed of beasts of burden and at the same time the woolly
flocks and the horned herds are all consigned, Memmius, to

the protection of man. For they have ever fled with eagerness
from wild beasts and have ensued peace and plenty of food

obtained without their own labour, as we give it in requital of

their useful services. But those to whom nature has granted
none of these qualities, so that they could neither live by their

own means nor perform for us any useful service in return for

which we should suffer their kind to feed and be safe under

our protection, those, you are to know, would lie exposed as

a prey and booty of others, hampered all in their own death-

bringing shackles, until nature brought that kind to utter

destruction.
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But Centaurs never have existed, and at no time can there

exist things of twofold nature and double body formed into

one frame out of limbs of alien kinds, such that the faculties

and powers of this and that portion cannot be sufficiently like.

This however dull of understanding you may learn from

what follows. To begin, a horse when three years have gone
round is in the prime of his vigour, far different the boy:
often even at that age he will call in his sleep for the milk of

the breast. Afterwards when in advanced age his lusty strength
and limbs now faint with ebbing life fail the horse, then and

not till then youth in the flower of age commences for that

boy and clothes his cheeks in soft down; that you may not

haply believe that out of a man and the burden-carrying seed

of horses Centaurs can be formed and have being; or that

Scyllas with bodies half those of fishes girdled round with

raving dogs can exist, and all other things of the kind, whose

limbs we see cannot harmonize together; as they neither come
to their flower at the same time nor reach the fulness of their

bodily strength nor lose it in advanced old age, nor burn with

similar passions nor have compatible manners, nor feel the

same things give pleasure throughout their frames. Thus we

may see bearded goats often fatten on hemlock which for

man is rank poison. Since flame moreover is wont to scorch

and burn the tawny bodies of lions just as much as any other

kind of flesh and blood existing on earth, how could it be that

a single chimera with triple body, in front a lion, behind a

dragon, in the middle the goat whose name it bears, could

breathe out at the mouth fierce flame from its body? Where-
fore also he who fables that in the new time of the earth and

the fresh youth of heaven such living creatures could have

been begotten, resting upon this one futile term new, may
babble out many things in like fashion, may say that rivers then

ran with gold over all parts of the earth and that trees were
wont to blossom with precious stones, or that man was born

with such giant force of frame that he could wade on foot

across deep seas and whirl the whole heaven about him with

his hands. For the fact that there were many seeds of things
in the earth what time it first shed forth living creatures, is
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yet no proof that there could have been produced beasts of

different kinds mixed together, and limbs of different living

things formed into a single frame, because the kinds of herb-

age and corn and joyous trees which even now spring in

plenty out of the earth yet cannot be produced with the

several sorts plaited into one, but each thing goes on after its

own fashion, and all preserve their distinctive differences

according to a fixed law of nature.

But the race of man then in the fields was much hardier, as

beseemed it to be, since the hard earth had produced it; and

built on a groundwork of larger and more solid bones within,

knit with powerful sinews throughout the frame of flesh; not

lightly to be disabled by heat or cold or strange kinds of food

or any malady of body. And during the revolution of many
lustres of the sun through heaven they led a life after the rov-

ing fashion of wild beasts. No one then was a sturdy guider
of the bent plough or knew how to labour the fields with iron

or plant in the ground young saplings or lop with pruning-
hooks old boughs from the high trees. What the sun and rains

had given, what the earth had produced spontaneously, was

guerdon sufficient to content their hearts. Among acorn-

bearing oaks they would refresh their bodies for the most

part; and the arbute-berries which you now see in the winter-

time ripen with a bright scarlet hue, the earth would then bear

in greatest plenty and of a larger size; and many coarse kinds

of food besides the teeming freshness of the world then bare,

more than enough for poor wretched men. But rivers and

springs invited to slake thirst, even as now a rush of water

down from the great hills summons with clear plash far and

wide the thirsty races of wild beasts. Then too as they ranged
about they would occupy the well-known woodland haunts

of the nymphs, out of which they knew that smooth-gliding
streams of water with a copious gush bathed the dripping
rocks, the dripping rocks, trickling down over the green

moss; and in parts welled and bubbled out over the level

plain. And as yet they knew not how to apply fire to

their purposes or to make use of skins and clothe their

body in the spoils of wild beasts, but they would dwell
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in woods and mountain-caves and forests and shelter in

the brushwood their squalid limbs when driven to shun

the buffeting of the winds and the rains. And they were

unable to look to the general weal and knew not how to make
a common use of any customs or laws. Whatever prize fortune

threw in his way, each man would bear off, trained at his own
discretion to think of himself and live for himself alone. And
Venus would join the bodies of lovers in the woods; for each

woman was gained over either by mutual desire or the head-

strong violence and vehement lust of the man or a bribe of

some acorns and arbute-berries or choice pears. And trusting
to the marvellous powers of their hands and feet they would

pursue the forest-haunting races of wild beasts with showers

of stones and club of ponderous weight; and many they would

conquer, a few they would avoid in hiding-places; and like to

bristly swine just as they were they would throw their savage
limbs all naked on the ground, when overtaken by night,

covering themselves up with leaves and boughs. Yet never

with loud wailings would they call for the daylight and the

sun, wandering terror-stricken over the fields in the shadows

of night, but silent and buried in sleep they would wait, till

the sun with rosy torch carried light into heaven; for ac-

customed as they had been from childhood always to see

darkness and light begotten time about, never could any
wonder come over them, nor any misgiving that never-ending

night would cover the earth and the light of the sun be with-

drawn for evermore. But what gave them trouble was rather

the races of wild beasts which would often render repose
fatal to the poor wretches. And driven from their home they
would fly from their rocky shelters on the approach of a

foaming bear or a strong lion, and in the dead of night they
would surrender in terror to their savage guests their sleep-

ing-places strewn with leaves.

Nor then much more than now would the races of mortal

men leave the sweet light of ebbing life. For then this one or

that other one of them would be more likely to be seized, and

torn open by their teeth would furnish to the wild beasts a

living food, and would fill with his moaning woods and moun-
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tains and forests as he looked on his living flesh buried in a

living grave. But those whom flight had saved with body eaten

into, holding ever after their quivering palms over the noi-

some sores would summon death with appalling cries, until

cruel
grippings

had rid them of life, forlorn of help, un-

witting what wounds wanted. But then a single day gave not

over to death many thousands of men marching with banners

spread, nor did the stormy waters of the sea dash on the rocks

men and ships. At this time the sea would often rise up and

rage without aim, without purpose, without result, and just
as lightly put off its empty threats; nor could the winning
wiles of the calm sea treacherously entice any one to his ruin

with laughing waters, when the reckless craft of the skipper
had not yet risen into the light. Then too want of food would

consign to death their fainting frames, now on the contrary
'tis plenty sinks into ruin. They unwittingly would often pour
out poison for themselves; now with nicer skill men give it

to their son's wife instead.

Next after they had got themselves huts and skins and fire,

and the woman united with the man passed with him into one

domicile and the duties of wedlock were learnt by the two,
and they saw an offspring born from them, then first mankind

began to soften. For fire made their chilled bodies less able

now to bear the frost beneath the canopy of heaven, and

Venus impaired their strength and children with their ca-

resses soon broke down the haughty temper of parents. Then
too neighbours began to join in a league of friendship mu-

tually desiring neither to do nor suffer harm; and asked for

indulgence to children and womankind, when with cries and

gestures they declared in stammering speech that meet it is

for all to have mercy on the weak. And though harmony
could not be established without exception, yet a very large

portion observed their agreements with good faith, or else

the race of man would then have been wholly cut off, nor

could breeding have continued their generations to this day.
But nature impelled them to utter the various sounds of the

tongue and use struck out the names of things, much in the

same way as the inability to speak is seen in its turn to drive
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children to the use of gestures, when it forces them to point
with the finger at the things which are before them. For every
one feels how far he can make use of his peculiar powers. Ere

the horns of a calf are formed and project from his forehead,

he butts with it when angry and pushes out in his rage. Then

whelps of panthers and cubs of lions fight with claws and feet

and teeth at a time when teeth and claws are hardly yet
formed. Again we see every kind of fowl trust to wings and

seek from pinions a fluttering succour. Therefore to suppose
that some one man at that time apportioned names to things
and that men from him learnt their first words, is sheer folly.

For why should this particular man be able to denote all

things by words and to utter the various sounds of the tongue,
and yet at the same time others be supposed not to have been

able to do so? Again if others as well as he had not made use

of words among themselves, whence was implanted in this

man the previous conception of its use and whence was given
to him the original faculty, to know and perceive in mind

what he wanted to do? Again one man could not constrain

and subdue and force many to choose to learn the names of

things. It is no easy thing in any way to teach and convince

the deaf of what is needful to be done; for they never would

surfer nor in any way endure sounds of voice hitherto un-

heard to continue to be dinned fruitlessly into their ears.

Lastly what is there so passing strange in this circumstance,

that the race of men whose voice and tongue were in full

force, should denote things by different words as different

feelings prompted? Since dumb brutes, yes and the races of

wild beasts are accustomed to give forth distinct and varied

sounds, when they have fear or pain and when joys are rife.

This you may learn from facts plain to sense: when the large

spongy open lips of Molossian dogs begin to growl enraged
and bare their hard teeth, thus drawn back in rage they
threaten in a tone far different from that in which they bark

outright and fill with sounds all the places round. Again when

they essay fondly to lick their whelps with their tongue or

when they toss them with their feet and snapping at them

make a feint with lightly closing teeth of swallowing though
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with gentle forbearance, they caress them with a yelping
sound of a sort greatly different from that which they utter

when, left alone in a house, they bay or when they slink away
howling from blows with a crouching body. Again is not

the neigh too seen to differ, when a young stallion in the

flower of age rages among the mares smitten by the goads of

winged love, and when with wide-stretched nostrils he snorts

out the signal to arms, and when as it chances on any other

occasion he neighs with limbs all shaking? Lastly the race of

fowls and various birds, hawks and ospreys and gulls seeking
their living in the salt water mid the waves of the sea, utter

at a different time noises widely different from those they
make when they are fighting for food and struggling with

their prey. And some of them change together with the

weather their harsh croakings, as the long-lived races of

crows and flocks of rooks when they are said to be calling for

water and rain and sometimes to be summoning winds and

gales. Therefore if different sensations compel creatures,

dumb though they be, to utter different sounds, how much
more natural it is that mortal men in those times should have

been able to denote dissimilar things by many different words!

And lest haply on this head you ask in silent thought this

question, it was lightning that brought fire down on earth for

mortals in the beginning; thence the whole heat of flames is

spread abroad. Thus we see many things shine dyed in heav-

enly flames, when the stroke from heaven has stored them

with its heat. Ay and without this when a branching tree

sways to and fro and tosses about under the buffeting of the

winds, pressing against the boughs of another tree, fire is

forced out by the power of the violent friction, and some-

times the burning heat of flame flashes out, the boughs and

stems rubbing against each other. Now either of these acci-

dents may have given fire to men. Next the sun taught them

to cook food and soften it with the heat of flame, since they
would see many things grow mellow, when subdued by the

strokes of the rays and by heat throughout the land.

And more and more every day men who excelled in intel-

lect and were of vigorous understanding, would kindly show
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them how to exchange their former way of living for new
methods. Kings began to build towns and lay out a citadel

as a place of strength and of refuge for themselves, and di-

vided cattle and lands and gave to each man in proportion to

his personal beauty and strength and intellect; for beauty and

vigorous strength were much esteemed. Afterwards wealth

was discovered and gold found out, which soon robbed of

their honours strong and beautiful alike; for men however

valiant and beautiful of person generally follow in the train

of the richer man. But were a man to order his life by the

rules of true reason, a frugal subsistence joined to a contented

mind is for him great riches; for never is there any lack of

a little. But men desired to be famous and powerful, in order

that their fortunes might rest on a firm foundation and they

might be able by their wealth to lead a tranquil life; but in

vain, since in their struggle to mount up to the highest digni-

ties they rendered their path one full of danger; and even if

they reach it, yet envy like a thunderbolt sometimes strikes

and dashes men down from the highest point with ignominy
into noisome Tartarus; since the highest summits and those

elevated above the level of other things are mostly blasted by

envy as by a thunderbolt; so that far better it is to obey in

peace and quiet than to wish to rule with power supreme
and be the master of kingdoms. Therefore let men wear them-

selves out to no purpose and sweat drops of blood, as they

struggle on along the strait road of ambition, since they gather
their knowledge from the mouths of others and follow after

things from hearsay rather than the dictates of their own

feelings; and this prevails not now nor will prevail by and by
any more than it has prevailed before.

Kings therefore being slain the old majesty of thrones and

proud sceptres were overthrown and laid in the dust, and the

glorious badge of the sovereign head bloodstained beneath the

feet of the rabble mourned for its high prerogative; for that

is greedily trampled on which before was too much dreaded.

It would come then in the end to the lees of uttermost dis-

order, each man seeking for himself empire and sovereignty.
Next a portion of them taught men to elect legal officers, and
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drew up codes, to induce men to obey the laws. For man-

kind, tired out with a life of brute force, lay exhausted from
its feuds; and therefore the more readily it submitted of its

own freewill to laws and stringent codes. For as each one
moved by anger took measures to avenge himself with more

severity than is now permitted by equitable laws, for this

reason men grew sick of a life of brute force. Thence fear of

punishment mars the prizes of life; for violence and wrong
enclose all who commit them in their meshes and do mostly
recoil on him from whom they began; and it is not easy for

him who by his deeds trangresses the terms of the public

peace to pass a tranquil and a peaceful existence. For though
he eludes God and man, yet he cannot but feel a misgiving
that his secret can be kept for ever; seeing that many by
speaking in their dreams or in the wanderings of disease have

often we are told betrayed themselves and have disclosed

their hidden deeds of evil and their sins.

And now what cause has spread over great nations the

worship of the divinities of the gods and filled towns with

altars and led to the performance of stated sacred rites, rites

now in fashion on solemn occasions and in solemn places,

from which even now is implanted in mortals a shuddering
awe which raises new temples of the gods over the whole

earth and prompts men to crowd them on festive days, all

this it is not so difficult to explain in words. Even then in

sooth the races of mortal men would see in waking mind

glorious forms, would see them in sleep of yet more marvel-

lous size of body. To these then they would attribute sense,

because they seemed to move their limbs and to utter lofty

words suitable to their glorious aspect and surpassing powers.
And they would give them life everlasting, because their face

would ever appear before them and their form abide; yes
and yet without all this, because they would not believe that

beings possessed of such powers could lightly be overcome

by any force. And they would believe them to be preeminent
in bliss, because none of them was ever troubled with the fear

of death, and because at the same time in sleep they would

see them perform many miracles, yet feel on their part no
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fatigue from the effort. Again they would see the system of

heaven and the different seasons of the years come round in

regular succession, and could not find out by what causes this

was done; therefore they would seek a refuge in handing
over all things to the gods and supposing all things to be

guided by their nod. And they placed in heaven the abodes

and realms of the gods, because night and moon are seen to

roll through heaven, moon, day, and night and night's austere

constellations and night-wandering meteors of the sky and

flying bodies of flame, clouds, sun, rains, snow, winds, light-

nings, hail, and rapid rumblings and loud threatful thunder-

claps.

O hapless race of men, when that they charged the gods
with such acts and coupled with them bitter wrath! What

groanings did they then beget for themselves, what wounds
for us, what tears for our children's children! No act is it of

piety to be often seen with veiled head to turn to a stone

and approach every altar and fall prostrate on the ground and

spread out the palms before the statues of the gods and

sprinkle the altars with much blood of beasts and link vow
on to vow, but rather to be able to look on all things with

a mind at peace. For when we turn our gaze on the heavenly

quarters of the great upper world and ether fast above the

glittering stars, and direct our thoughts to the courses of the

sun and moon, then into our breasts burdened with other ills

that fear as well begins to exalt its reawakened head, the fear

that we may haply find the power of the gods to be unlimited,

able to wheel the bright stars in their varied motion; for lack

of power to solve the question troubles the mind with doubts,

whether there was ever a birthtime of the world, and whether

likewise there is to be any end; how far the walls of the

world can endure this strain of restless motion; or whether

gifted by the grace of the gods with an everlasting existence

they may glide on through a never-ending tract of time and

defy the strong powers of immeasurable ages. Again who is

there whose mind does not shrink into itself with fear of the

gods, whose limbs do not cower in terror, when the parched
earth rocks with the appalling thunderstroke and rattlings
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run through the great heaven? Do not peoples and nations

quake, and proud monarchs shrink into themselves smitten

with fear of the gods, lest for any foul transgression or over-

weening word the heavy time of reckoning has arrived at its

fulness? When too the utmost fury of the headstrong wind

passes over the sea and sweeps over its waters the commander
of a fleet together with his mighty legions and elephants, does

he not draw near with vows to seek the mercy of the gods
and ask in prayer with fear and trembling a lull in the winds

and propitious gales; but all in vain, since often caught up in

the furious hurricane he is borne none the less to the shoals

of death? so constantly does some hidden power trample on
human grandeur and is seen to tread under its heel and make

sport for itself of the renowned rods and cruel axes. Again
when the whole earth rocks under their feet and towns tum-

ble with the shock or doubtfully threaten to fall, what won-
der that mortal men abase themselves and make over to the

gods in things here on earth high prerogatives and marvellous

powers, sufficient to govern all things?
To proceed, copper and gold and iron were discovered and

at the same time weighty silver and the substance of lead,

when fire with its heat had burnt up vast forests on the great

hills, either by a discharge of heaven's lightning, or else be-

cause men waging with one another a forest-war had carried

fire among the enemy in order to strike terror, or because

drawn on by the goodness of the soil they would wish to

clear rich fields and bring the country into pasture, or else to

destroy wild beasts and enrich themselves with the booty;
for hunting with the pitfall and with fire came into use before

the practice of enclosing the lawn with toils and stirring it

with dogs. Whatever the fact is, from whatever cause the

heat of flame had swallowed up the forests with a frightful

crackling from their very roots and had thoroughly baked the

earth with fire, there would run from the boiling veins and

collect into the hollows of the ground a stream of silver and

gold, as well as of copper and lead. And when they saw these

afterwards cool into lumps and glitter on the earth with a

brilliant gleam, they would lift them up attracted by the
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bright and polished lustre, and they would see them to be

moulded in a shape the same as the outline of the cavities in

which each lay. Then it would strike them that these might
be melted by heat and cast in any form or shape soever, and

might by hammering out be brought to tapering points of any

degree of sharpness and fineness, so as to furnish them with

tools and enable them to cut the forests and hew timber

and plane smooth the planks, and also to drill and pierce and

bore. And they would set about these works just as much
with silver and gold at first as with the overpowering strength
of stout copper, but in vain, since their force would fail and

give way and not be able like copper to stand the severe strain.

At that time copper was in higher esteem and gold would
lie neglected on account of its uselessness, with its dull

blunted edge: now copper lies neglected, gold has mounted

up to the highest place of honour. Thus time as it goes round

changes the seasons of things. That which was in esteem, falls

at length into utter disrepute; and then another thing mounts

up and issues out of its degraded state and every day is more
and more coveted and blossoms forth high in honour when
discovered and is in marvellous repute with men.

And now, Memmius, it is easy for you to find out by
yourself in what way the nature of iron was discovered. Arms
of old were hands, nails, and teeth and stones and boughs
broken off from the forests, and flame and fire, as soon as they
had become known. Afterwards the force of iron and copper
was discovered; and the use of copper was known before that

of iron, as its nature is easier to work and it is found in

greater quantity. With copper they would labour the soil

of the earth, with copper stir up the billows of war and deal

about wide-gaping wounds and seize cattle and lands; for

every thing defenceless and unarmed would readily yield to

them with arms in hand. Then by slow steps the sword of

iron gained ground and the make of the copper sickle became
a byword; and with iron they began to plough through the

earth's soil, and the struggles of wavering war were rendered

equal. And the custom of mounting in arms on the back of

a horse and guiding him with reins and showing prowess
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with the right hand is older than that of tempting the risks

of war in a two-horsed chariot; and yoking a pair of horses

is older than yoking four or mounting in arms scythed
chariots. Next the Poeni taught the lucan kine with towered

body, hideous of aspect, with snake-like hand, to endure the

wounds of war and to disorder the mighty ranks of Mars.

Thus sad discord begat one thing after another, to affright
nations of men under arms, and every day made some addi-

tion to the terrors of war.

They made trial of bulls too in the service of war and es-

sayed to send savage boars against the enemy. And some sent

before them valorous lions with armed trainers and coura-

geous keepers to guide them and to hold them in chains; but

in vain, since heated with promiscuous slaughter they would
disorder in their rage the troops without distinction, shaking
all about the frightful crests upon their heads; and the horse-

men were not able to calm the breasts of the horses scared by
the roaring and turn them with the bridle upon the enemy.
The lionesses with a spring would throw their enraged bodies

on all sides and would attack in the face those who met them,
and others off their guard they would tear down from behind

and twining round them would bring them to the ground

overpowered by the wound, fastening on them with firm

bite and with hooked claws. The bulls would toss their own
friends and trample them under foot, and gore with their

horns the flanks and bellies of the horses underneath and turn

up the earth with threatening front. The boars too would

rend their friends with powerful tusks, in their rage dyeing
with their blood the weapons broken in them, ay dyeing with

their blood the weapons broken in their own bodies; and

would put to promiscuous rout horse and foot; for the tame

beasts would try to avoid by shying to the side the cruel push
of the tusk, or would rear up and paw the winds, all in vain,

since you might see them tumble down with their tendons

severed and strew the ground in their heavy fall. Those

whom they believed before to have been sufficiently broken

in at home, they would see lash themselves into fury in the

heat of action from wounds and shouting, flight, panic, and
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uproar; and they could not rally any portion of them; for all

the different kinds of wild beasts would fly all abroad; just

as now the lucan kine when cruelly mangled by the steel fly

often all abroad, after inflicting on their friends many cruel

sufferings. But men chose thus to act not so much in any hope
of victory, as from a wish to give the enemy something to

rue at the cost of their own lives, when they mistrusted their

numbers and were in want of arms.

A garment tied on the body was in use before a dress of

woven stuff. Woven stuff comes after iron, because iron is

needed for weaving a web; and in no other way can such

finely polished things be made, as heddles and spindles, shut-

tles and ringing yarn-beams. And nature impelled men to

work up the wool before womankind: for the male sex in

general far excels the other in skill and is much more ingen-

ious; until the rugged countrymen so upbraided them with

it, that they were glad to give it over into the hands of the

women and take their share in supporting hard toil, and in

such hard work hardened body and hands.

But nature parent of things was herself the first model of

sowing and first gave rise to grafting, since berries and acorns

dropping from the trees would put forth in due season

swarms of young shoots underneath; and hence also came the

fashion of inserting grafts in their stocks and planting in the

ground young saplings over the fields. Next they would try

another and yet another kind of tillage for their loved piece
of land and would see the earth better the wild fruits through

genial fostering and kindly cultivation. And they would force

the forests to recede every day higher and higher up the hill-

side and yield the ground below to tilth, in order to have on

the uplands and plains meadows, tanks, runnels, corn-fields,

and glad vineyards, and allow a grey-green strip of olives to

run between and mark the divisions, spreading itself over

hillocks and valleys and plains; just as you now see richly

dight with varied beauty all the ground which they lay out

and plant with rows of sweet fruit-trees and enclose all round

with plantations of other goodly trees.

But imitating with the mouth the clear notes of birds was
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in use long before men were able to sing in tune smooth-

running verses and give pleasure to the ear. And the whistlings
of the zephyr through the hollows of reeds first taught peas-
ants to blow into hollow stalks. Then step by step they learned

sweet plaintive ditties, which the pipe pours forth pressed by
the fingers of the players, heard through pathless woods and
forests and lawns, through the unfrequented haunts of shep-
herds and abodes of unearthly calm. These things would
soothe and gratify their minds when sated with food; for

then all things of this kind are welcome. Often therefore

stretched in groups on the soft grass beside a stream of water

under the boughs of a high tree at no great cost they would

pleasantly refresh their bodies, above all when the weather

smiled and the seasons of the year painted the green grass
with flowers. Then went round the jest, the tale, the peals of

merry laughter; for the peasant muse was then in its glory;
then frolick mirth would prompt to entwine head and shoul-

ders with garlands plaited with flowers and leaves, and to

advance in the dance out of step and move the limbs clumsily
and with clumsy foot beat mother earth; which would occa-

sion smiles and peals of merry laughter, because all these

things then from their greater novelty and strangeness were
in high repute. And the wakeful found a solace for want of

sleep in this, in drawing out a variety of notes and going

through tunes and running over the reeds with curving lip;

whence even at the present day watchmen observe these tra-

ditions and have lately learned to keep the proper tune; and

yet for all this receive not a jot more of enjoyment, than

erst the rugged race of sons of earth received. For that which

we have in our hands, if we have known before nothing pleas-

anter, pleases above all and is thought to be the best; and as a

rule the later discovery of something better spoils the taste

for the former things and changes the feelings in regard to

all that has gone before. Thus began distaste for the acorn,

thus were abandoned those sleeping-places strewn with grass

and enriched with leaves. The dress too of wild beasts' skin

fell into neglect; though I can fancy that in those days it was

found to arouse such jealousy that he who first wore it met
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his death by an ambuscade, and after all it was torn in pieces

among them and drenched in blood was utterly destroyed
and could not be turned to any use. In those times therefore

skins, now gold and purple plague men's lives with cares and

wear them out with war. And in this methinks the greater
blame rests with us; for cold would torture the naked sons

of earth without their skins; but us it harms not in the least

to do without a robe of purple, spangled with gold and large

figures, if only we have a dress of the people to protect us.

Mankind therefore ever toils vainly and to no purpose and

wastes life in groundless cares, because sure enough they have

not learnt what is the true end of getting and up to what

point genuine pleasure goes on increasing: this by slow de-

grees has carried life out into the deep sea and stirred up
from their lowest depths the mighty billows of war.

But those watchful guardians, sun and moon, traversing
with their light all round the great revolving sphere of heaven

taught men that the seasons of the year came round and that

the system was carried on after a fixed plan and fixed order.

Already they would pass their life fenced about with strong

towers, and the land, portioned out and marked off by
boundaries, be tilled; the sea would be filled with ships scud-

ding under sail; towns have auxiliaries and allies as stipulated

by treaty, when poets began to consign the deeds of men to

verse; and letters had not been invented long before. For this

reason our age cannot look back to what has gone before,

save where reason points out any traces.

Ships and tillage, walls, laws, arms, roads, dress and all such

like things, all the prizes, all the elegancies too of life without

exception, poems, pictures and the chiselling of fine-wrought

statues, all these things practiced together with the acquired

knowledge of the untiring mind taught men by slow degrees
as they advanced on the way step by step. Thus time by
degrees brings each several thing forth before men's eyes and

reason raises it up into the borders of light; for things must

be brought to light one after the other and in due order in

the different arts, until these have reached their highest point
of development.
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Modern astronomy rests upon the foundation of the Coperni-
can system. The Polish physician who devoted himself to the

treatment of the poor and whose learning in canon law made
him one of the foremost authorities of his land dedicated a

major portion of his life to the study of mathematics and as-

tronomy. Copernicus succeeded in proving, against all pre-
vious misconceptions, that the sun is the center of a great

system, with the earth, one of its planets, rotating on its axis

around it. His pioneer work, On the Revolution of the Celes-

tial Spheres, was completed in 1540, but the first printed

copies could not be made ready until the author was on his

deathbed. The passage here given is from Book One and sets

forth the main aspects of Copernicus's heliocentric theories.



ON THE REVOLUTIONS OF
THE CELESTIAL SPHERES

NICHOLAS COPERNICUS

Among the many and varied literary and artistic studies upon
which the natural talent of man is nourished, I think that those

above all should be embraced and pursued with the greatest
zeal which have to do with things that are very beautiful and

very worthy of knowledge. Such studies are those which
deal with the godlike circular movements of the world, the

course of the stars, their magnitudes, distances, risings and

settings, and the causes of the other celestial phenomena; and
which finally explicate the whole form. For what could be
more beautiful than the heavens which contain all beautiful

things? Their very names make this clear: Caelum (heavens)

by naming that which is beautifully carved; and Mundus
(world) purity and elegance. Many philosophers have called

the world a visible god on account of its extraordinary ex-

cellence. So if the worth of the arts were measured by the

subject-matter with which they deal, this art which some
call astronomy, others astrology, and many of the ancients

the consummation of mathematics would be by far the most

outstanding. This art which is as it -were the head of all the

arts and the one most worthy of a free man has nearly all the

other branches of mathematics to support it. Arithmetic,

geometry, optics, geodesy, mechanics, and whatever others,

all assist it. And since a property of all good arts is to draw
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the mind of man away from vice and direct it to better things,

these arts can do that more plentifully on account of the un-

believable pleasure of mind which they furnish. For who,
after applying himself to things which he sees established in

the best order and directed by divine ruling would not

through contemplation of them and through a certain habitu-

ation be awakened to that which is best and would not admire

the artificer of all things, in whom is all happiness and every

good? For the divine psalmist surely did not say gratuitously
that he took pleasure in the workings of God and rejoiced in

the works of his hands, unless by means of these things as

by some sort of vehicle we are transported to the contempla-
tion of the highest good?
Now as regards the utility and ornament which they confer

upon a commonwealth to pass over the innumerable ad-

vantages they give to private citizens Plato calls our atten-

tion to the right things, for in the seventh book of the Laws
he says that this study should be pursued especially in order

that through it the divisions of time into days, months, and

years and the determination of solemnities and sacrifices

should keep the state alive and watchful; and he says that if

anyone denies that this study is necessary for a man who is

going to take up any of the highest branches of learning,
then such a person is thinking foolishly; and he thinks that it

is impossible for anyone to become godlike or be called so

who has no necessary knowledge of the sun, moon, and the

other stars.

However, this more divine than human science, which in-

quires into the highest things, is not lacking in difficulties. And
in particular we see that as regards its principles and postu-

lates, which the Greeks call hypotheses, many of those who
undertook to deal with them were not in accord and hence

did not support themselves with the same reasons. In addi-

tion, the courses of the planets and the revolution of the stars

cannot be determined by exact calculations and reduced to

perfect knowledge except through the passage of time and

with the help of many prior observations, transmitted so to

speak by hand to posterity. For even if Claud Ptolemy of



ON REVOLUTIONS OF CELESTIAL SPHERES 45

Alexandria, who stands far in front of all the others on ac-

count of his admirable care and industry, with the help of

more than forty years of observations brought this art to

such a high point that there seemed to be nothing left which
he had not^touched upon; nevertheless we see that very many
things are not in accord with the movements which should

follow from his doctrine but rather with movements which
were discovered later and were unknown to him. Whence
even Plutarch in speaking of the revolving solar year says,

"So far the movement of the stars has overcome the ingenuity
of the mathematicians." Now to take the year itself as my
example, I believe it is well known how many different

opinions there are about it, so that many people have given

up hope of making an exact determination of it. Similarly,
in the case of the other stars I shall try, with the help of

God, without whom we can do nothing to make a more
detailed inquiry concerning them since the greater the inter-

val of time between us and the founding fathers of this art

whose discoveries we can compare with the new ones made

by us the more means we have of supporting our own

theory. Furthermore I confess that I shall expound many
things differently from my predecessors, although with

their aid, for it was they who first opened the road of inquiry
into these things.

The World Is Spherical

In the beginning we should remark that the world is like a

globe; whether because this form is the most perfect of all,

as it is an integral whole and needs no joints; or because it

is the figure having the greatest volume and so would be

especiaDy suitable for comprehending and conserving all

things; or even because the separate parts of the world, i.e.,

the sun, moon, and stars are seen under such a form; or be-

cause all things seek to be delimited by such a form, as is
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apparent in the case of drops of water and other liquid

bodies, when they become delimited through themselves.

And so no one would hesitate to say that this form belongs
to the heavenly bodies.

The Earth Is Spherical Too

The earth is like a globe too, since on every side it rests upon
its center. But that it is a perfect sphere is not seen right

away on account of the great height of its mountains and the

lowness of its vallies, though they modify its universal round-

ness to only a very small extent. That is made clear in this

way. For when people journey northward from any region,
the northern vertex of the axis of daily revolution gradually
moves overhead, and the other moves downward to the same

extent; and many stars situated in the north do not seem to

set and many in the south do not seem to rise any more. So

Italy does not see Canopus, which is visible in Egypt. And

Italy sees the last star of Fluvius which is not visible in this

region situated in a more frigid zone. Conversely for people
who travel southward, the second group of stars become

higher in the sky; while others become lower, which to us

seem high up. Moreover, the inclinations of the poles have

everywhere the same ratio with the measured spaces of the

earth, and that happens in no other figure except the spherical.

Whence it is manifest that the earth itself is contained be-

tween the vertices and is therefore a globe. Add to this the

fact that the inhabitants of the East do not perceive the

eclipses of the sun and moon when they occur in the evening;
and the inhabitants of the West, when they occur in the

morning; while of those who live in the middle region some
see them earlier and some later. The navigators have per-
ceived that the waters too are fixed within this figure: for

example, when land is not visible from the deck of a ship, it

may be seen from the top of the mast, and conversely, if
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something shining is attached to the top of the mast, it ap-

pears to those remaining on the shore to come down gradu-

ally, as the ship moves from land, until finally it disappears,
as if setting. Moreover it is admitted that water, which by its

nature flows, always seeks lower places the same way as

earth and 'does not climb up the shore any farther than the

convexity of the shore allows. That is why the land is so

much higher where it rises up from the ocean.

How Land and Water Make Up
a Single Globe

And so the ocean encircling the land pours forth its waters

everywhere and fills up the deeper hollows with them. Ac-

cordingly it was necessary for there to be less water than

land, so as not to have the whole earth soaked with water,

since both of them tend toward the same center on account

of their weight and so as to leave some portions of land

such as the islands discernible here and there for the preser-
vation of living creatures. For what is the continent itself and

the orbis terrarum except an island which is larger than the

rest? We should not listen to certain peripaticians who main-

tain that there is ten times more water than land, because

according to this conclusion which they accept in the trans-

mutation of the elements the liquefaction of one part of earth

results in ten parts of water. And they say that land has

emerged for a certain distance because, having hollow spaces

inside, it does not balance everywhere with respect to weight
and so the center of gravity is different from the center of

magnitude. But they fall into error through ignorance of

geometry; for they do not know that there cannot be seven

times more water than land and some part of the land still

remain dry, unless the land abandon its center of gravity and

give place to the waters as being heavier. For spheres are to
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one another in the triplicate ratio of their diameters. If there-

fore there were seven parts of water and one part of land

the diameter of the land could not be greater than the distance

from the center to the circumference of the waters. So it is

even less possible that the water should be ten times greater.

It can be seen that there is no difference between the centers

of magnitude and of gravity of the earth from the fact that

the convexity of the land spreading out from the ocean does

not swell continuously, for in that case it would have re-

pulsed the seawaters completely and would not in any way
have allowed interior seas and huge gulfs to break through.

Moreover, from the seashore outward the depth of the abyss
would not stop increasing, and so no island or reef or any

spot of land would be met with by people voyaging out very
far. Now it is well known that there is not quite the distance

of two miles at practically the center of the orbis terrarum

between the Egyptian and the Red Sea. And on the con-

trary Ptolemy in his Cosmography extends inhabited lands as

far as the median circle, and he leaves that part of the earth

as unknown, where the moderns have added Cathay and

other vast regions as far as 60 longitude, so that inhabited

land extends in longitude farther than the rest of the ocean

does. And if you add to these the islands discovered in our

time under the princes of Spain and Portugal and especially
America named after the ship's captain who discovered her

which they consider a second orbis terrarum on account of

her sofar unmeasured extent besides many other islands

heretofore unknown, we would not be greatly surprised if

there were antipodes or antichthones. For reasons of geometry

compel us to believe that America is situated diametrically

opposite to the India of the Ganges. And from that I think

it is manifest that the land and the water rest upon one center

of gravity; that this is the same as the center of magnitude of

the land, since land is the heavier; that parts of land which
are as it were yawning are filled with water; and that accord-

ingly there is little water in comparison with the land, even

if more of the surface appears to be covered by water. For
it is necessary that the land and the surrounding waters have
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the figure which the shadow of the earth casts, for at the time

of an eclipse it projects on the moon the circumference of a

perfect circle. Therefore the earth is not a plane, as Empedo-
cles and Anaximenes opined; or a tympanoid, as Leucippus;
or a scaphoid, as Heracleitus; or hollowed out in any other

way, as Democritus; or again a cylinder, as Anaximander; and

it is not infinite in its lower part, with the sediment deposited
at the bottom, as Zenophanes thought; but it is perfectly

round, as the philosophers perceived.

The Movement of the Celestial Bodies Is Regular,

Circular, and Everlasting or Else Compounded

of Circular Movements

After this we will recall that the movement of the celestial

bodies is circular. For the motion of a sphere is to turn in a

circle; by this very act expressing its form, in the most simple

body, where beginning and end cannot be discovered or dis-

tinguished from one another, while it moves through the

same parts in itself. But there are many movements on account

of the multitude of spheres or orbital circles. The most ob-

vious of all is the daily revolution, which the Greeks call

pvtf/OviJiepov
i'e- having the temporal span of a day and a

night.
The total world with the exception of the earth is sup-

posed to be carried from east to west by this movement. This

movement is taken as the common measure of all movements,
since we measure even time itself principally by the number
of days. Next, we perceive other as it were antagonistic move-

ments, i.e., from west to east, of the sun, moon, and the wan-

dering stars. In this way the sun gives us the year, the moon
the months the most common periods of time; and each of

the other five planets makes its circuit. Nevertheless these

bodies have movements manifoldly different from the first
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movement. First, in that they do not revolve around the

same poles as the first movement but go obliquely through
the ecliptic; next, in that they do not seem to be borne in

their circuit regularly. For the sun and moon are caught mov-

ing at times more slowly and at times more quickly. And we

perceive the five wandering stars sometimes even to retro-

grade and to come to a stop between these two movements.

And though the sun always proceeds straight ahead along its

route, they wander in various ways, straying sometimes to-

wards the south, and at other times towards the north

whence they are called planets. Add to this the fact that

sometimes they are nearer the earth and are then said to be

in their perigee and at other times are farther away and

are said to be in their apogee. We must however confess that

these movements are circular or are composed of many cir-

cular movements, in that they maintain these irregularities in

accordance with a constant law and with fixed periodic re-

turns: and that could not take place, if they were not circular.

For it is only the circle which can bring back what is past
and over with: and in this way, for example, the sun by a

movement composed of circular movements brings back to

us the inequality of days and nights and the four seasons of

the year. Many movements are recognized in that move-

ment, since it is impossible that a simple heavenly body
should be moved irregularly by a single sphere. For that

would have to take place either on account of the incon-

stancy of the motive power whether by reason of an ex-

trinsic cause or its intrinsic nature or on account of the

disparity between it and the moved body. But since the mind

shudders at either of these suppositions, and since it is quite
unsuitable to suppose that such a state of affairs exists among
things which are established in the best system, it is agreed
that their regular movements appear to us as irregular,
whether on account of their circles having different poles
or even because the earth is not in the midpoint of the circles

in which they revolve. And so for us watching from the

earth, it happens that the transits of the stars, on account of

being at unequal distances from the earth, appear greater
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when they are nearer than when they are farther away, as

has been demonstrated in optics; thus in the case of equal
arcs of an orbital circle which are seen at different distances

there will appear to be unequal movements in equal times.

For this reason I think it necessary above all that we should

note carefully what the relation of the heavens to the earth

is, so as not when we wish to scrutinize the highest things
to be ignorant of those which are nearest to us and so as not

by the same error to attribute to the celestial bodies what

belongs to the earth.

Does the Earth Have a Circular Movement?

And of Its Place

It has been shown that the earth has the form of a globe. I

think we must see whether or not a movement follows from

its form and what the place of the earth is in the universe.

For without doing that it will not be possible to find a sure

reason for the celestial phenomena. Although there are so

many authorities for saying that the earth rests in the center

of the world that people think the contrary supposition is

ridiculous and inopinable; if, however, we consider the thing

attentively, we will see that the question has not yet been

decided and is by no means to be scorned. For every apparent

change in place occurs on account of either the movement of

the thing seen or of the seer or on account of the unequal
movement of both. For the motion of things moved equally
in the same respects I mean that of the thing seen and the

seer is not perceptible. Now it is from the earth that the

celestial circuit is beheld and presented to our sight. There-

fore if some movement should belong to the earth it will

appear, in the parts of the universe which are outside, as the

same movement but in the opposite direction, as though the

things outside were passing over; and the daily revolution in

especial is such a movement. For the daily revolution appears
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to carry the whole universe along, with the exception of the

earth and the things around it. And if you admit that the

heavens possess none of this movement but that the earth

turns from west to east, you will find if you make a serious

examination that as regards the apparent rising and setting

of the sun, moon, and stars the case is so. And since it is the

heavens which contain and embrace all things as the place
common to the universe, it will not be clear at once why
movement should not be attributed to the contained rather

than to the container, to the thing placed rather than to the

thing providing the place.
As a matter of fact the Pythagoreans Herakleides and

Ekphantus were of this opinion and so was Nicetas the

Syracusan in Cicero: they made the earth to revolve at the

midpoint of the world. For they believed that the stars set

by reason of the interposition of the earth and that with

cessation of that they rose again. Now with this assumption
there follows other things, and a no lesser difficulty concern-

ing the place of the earth, though it is taken for granted and

believed by nearly all that the earth is the midpoint of

the world. For if any one denied that the earth is located at

the midpoint or center of the world and did not admit that the

distance (between the two) was great enough to be compared
with (the distance to) the sphere of the fixed stars but was

considerable and quite apparent in relation to the spheres of

the sun and the planets; and if for that reason he thought that

their movements appeared irregular because they were or-

ganized around a different center from the center of the

earth, he might perhaps be able to give a perfectly sound rea-

son for irregular apparent movement. For the fact that the

wandering stars are seen to be sometimes nearer the earth

and at other times farther away necessarily argues that the

center of the earth is not the center of their circles. It is not

yet clear whether the earth draws near to them and moves

away or they draw near to the earth and move away.
And so it would not be very surprising if some one at-

tributed some other movement to the earth in addition to the

daily revolution. As a matter of fact Philolaus the Pythagorean
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a mathematician of no ordinary ability, whom Plato's biog-

raphers say Plato went to Italy for the sake of seeing is sup-

posed to have held that the earth moved in a circle and

wandered in some other movements and was one of the stars.

Many however have believed that they could show by
geometricaf reasoning that the earth is in the midpoint of the

world; that it has the proportionality of a point in relation to

the immensity of the heavens, occupies the central position,
and for this reason is immovable because, when the universe

moves, the center remains unmoved and the things which are

closest to the center are moved the most slowly.

On the Immensity of the Heavens in Relation

to the Magnitude of the Earth

It can be understood that this great mass which is the earth

is not commensurable with the magnitude of the heavens

from the fact that the boundary circles for that is the trans-

lation of the Greek 6plovT$ cut the whole celestial sphere
into two halves; for that could not take place if the magni-
tude of the earth in comparison with the heavens or if its

distance from the center of the world were considerable.

For the circle bisecting a sphere goes through the center of

the sphere, and is the greatest circle which it is possible to

circumscribe.

Now let the horizon be the circle ABCD and the earth

from where the horizon is seen by us be E the center of the

horizon by which the visible stars are separated from those

which are not visible. Now if, with a dioptra or horoscope
or level placed at E, the beginning of Cancer is seen to rise

at point C; at the same moment the setting of Capricorn will

be seen at A. Therefore since AEC is in a straight line with

the dioptra, it is clear that this line is a diameter of the

ecliptic because the six signs bound a semicircle, whose center
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E is the same as that of the horizon. But when the circular

movement has taken place and the beginning of Capricorn
arises at B, then the setting of Cancer at D will be visible, and

BED will be a straight line and a diameter of the ecliptic. But

it has already been seen that the line AEC is a diameter of

the same circle; therefore the center will be at their common
section. So in this way the horizon always bisects the ecliptic,

which is a great circle of the sphere. But on a sphere, if a

circle bisects one of the great circles, then the circle bisecting
is a great circle; therefore the horizon is a great circle; and

its center is the same as that of the ecliptic, as far as appear-
ance goes; although nevertheless the line passing through
the center of the earth and the line touching to the surface are

necessarily different; but on account of their immensity in

comparison with the earth they are like parallel lines, which
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on account of the great distance between the termini appear
to be one line, when the space contained between them is in

no sensible ratio to their length, as has been shown in optics.

From this argument it is certainly clear enough that the

heavens are immense or beyond commensurability in com-

parison with the earth and present the aspect of an infinite

magnitude and that in the judgment of sense-perception the

earth is to the heavens as a point to a body and as a finite to

an infinite magnitude. But nothing more than that has been

shown, and it does not follow that the earth necessarily rests

at the midpoint of the world. And we should be even more

surprised if such a vast world should wheel completely around

during the space of twenty-four hours rather than that its

least part, the earth, should. For saying that the center is

immobile and that those things which are closest to the center

are moved least does not argue that the earth rests at the

midpoint of the world. It is no different from saying that the

heavens revolve but the poles are at rest and those things
which are closest to the poles are moved least. In this way
the pole star is seen to move much more slowly than Aquila
or Canicula because being very near to the pole it describes a

smaller circle. For they are all contained within a single

sphere, the movement of which stops at its axis and which

does not allow any of its parts to have movements which are

equal to one another: and nevertheless the revolution of the

whole brings them round in equal times but not over equal

spaces. This is the position to which the argument advances

that maintains that the earth, as a part of the celestial sphere
and therefore sharing in its form and movement, moves very
little because very near to its center: therefore the earth will

move, as being a body and not a center, and will describe in

the same time arcs similar to, but smaller than, the arcs of

the celestial circle. It is clearer than daylight how false that

is, for there would necessarily always be noon at one place
and midnight at another, and so the daily risings and settings

could not take place, since the movement of the whole and

the part would be one and inseparable. But the ratio between

things separated by diversity of nature is so entirely different
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that those which describe a smaller circle turn more quickly
than those which describe a greater circle. In this way Saturn,

the highest of the wandering stars, completes its revolution

in thirty years, and the moon which is without doubt the

closest to the earth completes its circuit in a month, and

finally the earth itself will be considered to have a circular

movement completed during the space of a day and a night.

So this same difficulty concerning the daily revolution re-

turns. And also the question about the place of the earth

becomes even less certain on account of what was just said.

For that demonstration proves nothing except that the heavens

are of an indefinite magnitude with respect to the earth. On
the contrary, it is not at all clear how far this immensity
stretches out. For, on the contrary, as the monimal and in-

divisible corpuscles, which are called atoms, when taken in

twos or in some small number, do not, since they are not

perceptible to sense, compose a visible body, but they can be

taken in such a large quantity that there will at last be enough
to form a visible magnitude; in the same way as regards the

place of the earth, for although it is not at the center of the

world, nevertheless the distance is not measurable, particu-

larly in comparison with the sphere of the fixed stars.

Why the Ancients Thought the Earth Was at

Rest at the Middle of the World as Its Center

Wherefore for other reasons the ancient philosophers tried

to force the earth to remain at rest at the midpoint of the

world and as principal cause they put forward heaviness and

lightness. For earth is the heaviest element; and all things of

any weight are borne towards it and strive to move towards

the very center of it.

For since the earth is a globe towards which from every
direction heavy things by their own nature axe borne along
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lines making right angles with its surface, the heavy things
would fall on one another at the center if they were not held

back at the surface: For a straight line making right angles
with a plane surface where it touches sphere leads to the

center. And those things which are borne toward the center

seem to follow along in order to be at rest at the center. All

the more then will the earth be at rest at the center and,

being the receptacle for falling bodies, will remain immobile

because of its weight.

They strive similarly to prove this by reason of movement
and its nature. For Aristotle says that the movement of a body
which is one and simple is simple and the simple movements

are the rectilineal and the circular. And of rectilineal move-

ments, one is upward, and the other is downward. As a con-

sequence every simple movement is either toward the center,

i.e., downward, or away from the center, i.e., upward, or

around the center, i.e., is circular. It is a property of earth

and water only, which are heavy, to be borne downward,
i.e., to seek the center: for air and fire, which possess light-

ness, move upward, i.e., away from the center. It seems fit-

ting to attribute rectilineal movement to the four elements

and to give the heavenly bodies a circular movement around

the center. So Aristotle. Therefore, said Ptolemy of Alex-

andria, if the earth moved, even if only by its daily rotation,

the contrary of what was said above would necessarily take

place. For this movement which would traverse the total cir-

cuit of the earth in twenty-four hours would necessarily be

very headlong and of an unsurpassable velocity. Now things
which are suddenly and violently whirled around are seen to

be utterly unfitted for reuniting, and the more unified are

seen to become dispersed, unless some constant force con-

strains them to stick together. And a long time ago, he says,

the scattered earth would have passed beyond the heavens,

as is certainly ridiculous; and a fortori so would all the living

creatures and all the other separate masses which could by
no means remain unshaken. Moreover, freely falling bodies

would not arrive at their destination, and certainly not along
the perpendicular line which they assume so quickly. And
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we would see clouds and other things floating in the air al-

ways borne toward the west.

Answer to the Aforesaid Reasons and Their

Inadequacy

For these and similar reasons they say that the earth remains

at rest at the midpoint of the world and that there is no doubt

about this. But if some one opines that the earth moves, he

will also say that the movement is natural and not violent.

Now things which take place naturally produce effects con-

trary to those which take place violently. For things which

are moved by force or vehemence necessarily get broken up
and are unable to subsist for a long time. But things which are

caused by nature are in a right condition and are kept in

their best organization. Therefore Ptolemy had no reason to

fear that the earth and all things on the earth would be scat-

tered in a revolution caused by the efficacy of nature, which

is greatly different from that of art or from that which can

result from the genius of man. But why didn't he feel anxiety
about the world instead, whose movement must necessarily

be of greater velocity, the greater the heavens are than the

earth? or have the heavens become so immense, because an

unspeakably vehement motion has pulled the heavens away
from the center, and because the heavens would fall if they
came to rest anywhere else?

Surely if this reasoning were tenable, the magnitude of the

heavens would extend infinitely. For the farther the move-
ment is borne upward by the vehement force, the greater will

be the velocity of the movement, on account of the increasing
circumference which must be traversed every twenty-four
hours: and conversely, the immensity of the sky would in-

crease with the increase in movement. In this way the ve-

locity would make the magnitude increase infinitely. And
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in accordance with the axiom of physics that "that which is

infinite cannot be traversed or moved in any way," then the

heavens will necessarily come to rest.

But they say that beyond the heavens there isn't any body
or place or void or anything at all, and accordingly it is not

possible for'the heavens to move outward: in that case it is

rather surprising that something can be held together by
nothing. But if the heavens were infinite and were finite only
with respect to a hollow space inside, then it will be said with

more truth that there is nothing outside the heavens, since

anything which occupied any space would be in them; but

the heavens will remain immobile. For movement is the most

powerful reason wherewith they try to conclude that the

universe is finite.

But let us leave to the philosophers of nature the dispute
as to whether the world is finite or infinite, and let us hold as

certain that the earth held together between its two poles
terminates in a spherical surface. Why therefore should we
hesitate any longer to grant to it the movement which ac-

cords naturally with its form, rather than put the whole world

in a commotion the world whose limits we do not and

cannot know? And why not admit that the appearance of

diurnal revolution belongs to the heavens but the reality

(veritatem) belongs to the earth? And things are as when
Aeneas said in Virgil: "We sail out of the harbor, the land

and cities move away." As a matter of fact, when a ship floats

on over a tranquil sea, all the things outside seem to the

voyagers to be moving in a movement which is the image of

their own, and they think on the contrary that they them-

selves and all the things with them are at rest. So it can easily

happen in the case of the movement of the earth that the

whole world should be believed to be moving in a circle.

Then what will we say about the clouds and the other things

floating in the air or falling or rising up, except that not only
the earth and the watery element with which it is conjoined
are moved in this way but also no small part of the air and

whatever other things have a similar connection with the

earth? whether because the air close by, which is mixed with
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earthy and watery matter, shares in the same nature as the

earth or because the movement of the air is an acquired one,

in which it participates without resistance on account of the

contiguity and perpetual rotation of the earth. Conversely,
it is no less astonishing for them to say that the highest region
of the air follows the celestial movement, as is shown by those

stars which appear suddenly I mean those called comets or

bearded stars by the Greeks. For that place is assigned for

their generation; and like all the other stars they rise and set.

We can say that that part of the air is deprived of terrestrial

motion on account of its great distance from the earth. Hence
the air which is nearest to the earth and the things floating in

it will appear tranquil, unless they are driven to and fro by
the wind or some other force, as happens. For how is the wind
in the air different from a current in the sea? But we must

confess that in comparison with the world the movement of

falling and of rising bodies is twofold and is in general com-

pounded of the rectilineal and the circular. As regards things

which move downward on account of their weight, because

they have very much earth in them, doubtlessly their parts

possess the same nature as the whole, and it is for the same

reason that fiery bodies are drawn upward with force. For

even this earthly fire feeds principally on earthly matter;

and they define flame as burning smoke. Now it is a property
of fire to make that which it invades to expand; and it does

this with such force that it can be stopped by no means or

contrivance from breaking prison and completing its job. Now
expanding movement moves away from the center to the

circumference; and so if some part of earth were set on fire,

it would be borne away from the center upward. Accord-

ingly, as they say, a simple body possesses a simple move-

ment this is first verified in the case of circular movement
as long as the simple body remains in its unity in its natural

place. In this place, in fact, its movement is none other than

the circular, which remains entirely in itself, as though at

rest. Rectilineal movement however belongs to those which

journey away from their natural place or are shoved out of

it or are outside it somehow. But nothing is more repugnant
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to the order of the whole and to the form of the world than

for anything to be outside of its place. Therefore rectilineal

movement belongs only to things which are not in the right
condition and are not perfectly conformed to their nature

when they are separated from their whole and abandon its

unity. Furthermore, bodies which are moved upward or

downward do not possess a simple, uniform and regular
movement even without taking into account circular move-
ment. For they cannot be in conformity with their lightness
or their force of weight. And those which fall possess a slow

movement at the beginning but increase their velocity as they
fall. And conversely we note that this earthly fire, and we
see no other when carried high up immediately dies down,
as though manifesting the violence of earthly matter.

Now circular movement always goes on regularly, for it

has an unfailing cause; but (in rectilineal movement) the ac-

celeration stops, because, when the bodies have reached their

place, they are no longer heavy or light, and so the motion

ends. Therefore since circular movement belongs to wholes

and rectilineal to parts, we can say that the circular move-
ment abides with the rectilineal, as animal with sick. And the

fact that Aristotle divided simple movement into three genera:

away from the center, toward the center, and around the

center, should be considered merely as an act of reason, just

as we distinguish between line, point, and surface, though
none of them can subsist without the others or without body.
In addition there is the fact that the state of immobility is re-

garded as more noble and godlike than that of change and in-

stability, which for that reason should belong to the earth

rather than to the world. I will add that it seems rather absurd

to attribute movement to the container or to that which

provides the place and not rather to that which is contained

and has a place, i.e., the earth; and lastly, since it is clear that

the wandering stars are sometimes nearer and sometimes

farther away from the earth, then the movement of one and

the same body around the center and they mean the center

4F the earth will be both away from the center and toward

the center. Therefore it is necessary that movement around
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the center should be taken more generally; and it should be

enough if each movement is in accord with its own center.

You see therefore that for all these reasons it is more probable
that the earth moves than that it is at rest especially in the

case of the diurnal revolution, as it is most proper to the

earth. And I think that is enough as regards the first part of

the question.

Whether Many Movements Can Be Attributed

to the Earthy and Concerning the Center

of the World

Therefore since nothing hinders the mobility of the earth, I

think we should now see whether more than one movement

belongs to it, so that it could be regarded as one of the wan-

dering stars. For the apparently irregular movement of the

planets and their variable distances from the earth which

cannot be understood as occurring in circles which are homo-
centric with the earth show that the earth is not the center

of their circular movements. Therefore since there are many
centers, it does not require audacity to doubt whether the

center of gravity of the earth rather than some other is the

center of the world. I myself think that gravity or heaviness

is nothing except a certain natural appetency implanted in

the parts by the divine providence of the universal artisan, in

order that they should unite in their oneness and wholeness,

coming together in the form of a globe. It is believable that

this affect is present in the sun, moon, and the other bright

planets and that through its efficacy they remain in the

spherical figure in which they are visible, though they never-

theless accomplish their circular movements in many differ-

ent ways. Therefore if the earth too possesses movements
different from the one around its center, then they will

necessarily be movements which similarly appear on the

outside and in many things; and we find the annual revolution
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among these movements. For if the annual revolution were

changed from being solar to being terrestrial, and immobility
were granted to the sun, (76) the risings and setting of the

signs and of the fixed stars by reason of which the stars are

mattutinal or vespertine will appear in the same way; and
it will be seen that the stoppings, retrogressions and progres-
sions of the wandering stars are not theirs, but are a movement
of the earth and that they borrow the appearances of this

movement. Lastly, the sun will be regarded as occupying the

mid-point of the world. The reason for the order in which
all these things succeed one another and the harmony of the

whole world teaches us their truth, if only as they say we
would look at the thing with both eyes.

On the Order of the Celestial Orbital Circles*

I know of no one who doubts that the heaven of the fixed

stars is the highest up of all visible things. We know that the

ancient philosophers wished to take the order of the planets

according to the magnitude of their revolutions, for the rea-

son that among things which are moved with equal speed
those which are the more distant seem to be borne along more

slowly, as Euclid proves in his Optics. And so they thought
that the moon traversed its circle in the shortest period of

time because, being next to the earth, it revolved in the

smallest circle. But Saturn, which completes the longest cir-

cuit in the longest period of time, is the highest. Beneath

Saturn, Jupiter. After Jupiter, Mars. There are different

opinions about Venus and Mercury, because they do not have

the total (angular) elongation from the sun that the others

do. Wherefore some place them above the sun, as Timaeus

does in Plato; some, beneath the sun, as Ptolemy and a good
many moderns. Alpetragius makes Venus higher than the sun

and Mercury lower. Accordingly as the followers of Plato

1 The great circle on the sphere in which the planet moves.
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suppose that all the planets which are otherwise dark bodies

shine with light received from the sun, they think that if

the planets were below the sun, they would on account of

their slight distance from the sun be seen as only half or at

any rate as only partly spherical. For they reflect mostly

upward, i.e., toward the sun, the light which they receive,

as we see in the case of the new moon or the old. Moreover

they say that necessarily the sun would sometimes be ob-

scured through their interposition and that its 'light would be

eclipsed in proportion to their size: and as that is not a ce-

lestial phenomenon, they think that these planets cannot by
any means be below the sun. On the contrary, those who

place Venus and Mercury below the sun, claim as a reason

the amplitude of the space found between the sun and the

moon. For they find that the greatest distance between the

earth and the moon, i.e., 64^6 parts, whereof the radius of

the earth is the unit part, is contained almost eighteen times in

the least distance between the sun and the earth. This distance

is 1060 such unit parts, and therefore the distance between

the sun and the moon is 1096 such unit parts. And then, in

order for such a vast space not to remain empty, they find

that approximately the same numbers are filled out by the

intervals between their apsides according to which they
reason out the width of their orbital circles so that the

highest apsis of the moon is succeeded by the lowest apsis of

Mercury, so that the highest apsis of Mercury is followed by
the nearest of Venus, and so that finally the highest apsis of

Mercury is followed by the nearest of Venus, and so that

finally the highest apsis of Venus nearly touches the lowest

apsis of the sun. In fact they calculate that the interval be-

tween the apsides of Mercury contains approximately lyyMz
of the aforesaid unit parts and that the remaining space is

nearly filled by the 910 unit parts of the interval between

the apsides of Venus. Therefore they do not admit that these

planets have a certain opacity, like that of the moon; but that

they shine either by their own proper light or because their

entire bodies are impregnated with sunlight, and that accord-

ingly they do not obscure the sun, because it is an extremely
rare occurrence for them to be interposed between our vision
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and the sun, as they usually withdraw (from the sun) lati-

tudinally. In addition there is the fact that they are small

bodies in comparison with the sun, since Venus even though
larger than Mercury can cover scarcely ^oo of the sun, as

Al Battani the Aratensian maintains, who holds that the

diameter of the sun is ten times greater, and therefore it

would not be easy to see such a little speck in the midst of

such beaming light. Averroes however in his paraphrase of

Ptolemy records having seen something blackish, when he

observed the conjunction of the sun and Mercury which he

had computed. And so they judge that these two stars move
below the solar circle. But how uncertain and shaky this

reasoning is, is clear from the fact that though the shortest

distance of the moon is 38 parts whereof the radius of the

earth is the unit part according to Ptolemy, but more than

forty-nine such unit parts by a truer evaluation, as will be

shown below nevertheless we do not know that this great

space contains anything except air, or if you prefer, what

they call the fiery element. Moreover there is the fact that

the diameter of the circle of Venus by reason of which
Venus has an elongation of approximately 45 on either side

of the sun would have to have been 6 times greater than

the distance from the center of the earth to its lowest apsis,

as will be shown in the proper place. Then what will they

say is contained in all this space, which is so great as to take

in the earth, air, ether, moon and Mercury, and which more-

over the vast epicycle of Venus would occupy if it revolved

around an immobile earth? Furthermore, how unconvincing
is Ptolemy's argument that the sun must occupy the middle

position between those planets which have a very great

elongation from the sun and those which do not is clear from

the fact that the moon's very great elongation proves its

falsity.

But what cause will those who place Venus below the sun,

and Mercury next, or separate them in some other order

what cause will they allege why these planets do not also

make circuits separate and independent of the sun, like the

other planets, unless the ratio of speed or slowness falsifies

the order? Therefore it will be necessary either for the earth
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not to be the center to which the order of the planets and

orbital circles is referred, or for there to be no sure reason

for their order and for it not to be apparent why the highest

place is due to Saturn rather than to Jupiter or some other

planet. Wherefore I judge that what Martianus Capella
who wrote the Encyclopedia and some other Latins took

to be the case is by no means to be despised. For they hold

that Venus and Mercury describe a circle around the sun as

a center, and they think that for that reason Venus and Mer-

cury do not have any farther elongation from the sun than

the convexity of their orbital circles permits; for they do not

make a circle around the earth as do the others, but have

converse apsides. Now what do they wish to signify except
that the center of their orbital circles is at the sun? Thus the

orbital circle of Mercury will be enclosed within the orbital

circle of Venus which would have to be more than twice as

large and will obtain an adequate place within that ampli-
tude. Therefore if any one should take this as an occasion

to refer Saturn, Jupiter, and Mars also to this same center,

provided he understands the dimensions of these orbital

circles to be such as to comprehend and encircle the earth

remaining within them, he would not be in error, as the table

of ratios of their movements shows. For it is manifest that

the planets are nearer to the earth at the time of their vesper-
tine rising, i.e., when they are opposite to the sun and the

earth is in the middle between them and the sun. But they
are farthest away from the earth at the time of their vespertine

setting, i.e., when they are occultated in the neighborhood
of the sun, namely when we have the sun between them and

the earth. All that shows clearly enough that their center is

more directly related to the sun and is the same as that to

which Venus and Mercury refer their revolutions. But as

they all have one common center, it is necessary that the

space left between the convex orbital circle of Venus and

the concave orbital circle of Mars should be viewed as an

orbital circle or sphere homocentric with them in respect to

both surfaces, and that it should receive the earth and its satel-

lite the moon and whatever is enclosed by the lunar globe.
For we can by no means separate the moon from the earth,
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as the moon is incontestably very close to the earth, espe-

cially since we find in this space a place for the moon which
is proper enough and sufficiently large. Therefore we are not

ashamed to maintain that this totality which the moon em-

braces
, and the center of the earth too traverse that great

orbital circle among the other wandering stars in an annual

revolution around the sun; and that the center of the world
is around the sun. I also say that the sun remains forever im-

mobile and that whatever apparent movement belongs to it

can be verified as due to the mobility of the earth; that the

magnitude of the world is such that, although the distance

from the sun to the earth in relation to the orbital circles of

the planets possesses magnitude which is sufficiently manifest

in proportion to those dimensions, this distance, as compared
with the sphere of the fixed stars, is imperceptible. I find it
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much more easy to grant that than to unhinge the understand-

ing by an almost infinite multitude of spheres which is what
those who keep the earth at the center of the world are forced

to do. But we should rather follow the wisdom of nature,

which, as it takes very great care not to have produced any-

thing superfluous or useless, so it often prefers to endow one

thing with many effects. And though all these things are diffi-

cult, almost inconceivable, and quite contrary to the opinion
of the multitude, nevertheless in what follows we will with

God's help make them clearer than day at least for those

who are not ignorant of the art of mathematics. Therefore if

the first law is still safe for no one will bring forward a

better one than that the magnitude of the orbital circles

should be measured by the magnitude of time then the or-

der of the spheres will follow in this way beginning with

the highest:

The first and highest of all is the sphere of the fixed stars,

which comprehends itself and all things, and is accordingly
immovable. In fact it is the place of the universe, i.e., it is

that to which the movement and position of all the other

stars are referred. For in the deduction of terrestrial move-

ment, we will however give the cause why there are phe-
nomena such as to make people believe that even the sphere
of the fixed stars somehow moves. Saturn the first of the wan-

dering stars follows; it completes its circuit in 30 years. After

it comes Jupiter moving in a twelve-year period of revolu-

tion. Then Mars, which completes a revolution every two

years. The place fourth in order is occupied by the annual

revolution in which we said the earth together with the or-

bital circle of the moon as an epicycle is comprehended. In

the fifth place, Venus, which comes around in nine months.

The sixth and final place is occupied by Mercury, which

completes its revolution in a period of eighty days. In the

center of all rests the sun. For who would place this lamp of

a very beautiful temple in another or better place than this

wherefrom it can illuminate everything at the same time? As
a matter of fact, not unhappily do some call it the lantern;

others, the mind and still others, the pilot of the world. Tris-
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megistus calls it a "visible god"; Sophocles' Electra, "that

which gazes at all things." And so the sun, as if resting on a

kingly throne, governs the family of stars which wheel

around. Moreover, the earth is by no means cheated of the

services of. the moon; but, as Aristotle says in the De Animali-

bus the earth has the closest connection (cognationem) with

the moon. The earth moreover is fertilized by the sun and
conceives offspring every year.
Therefore in this ordering we find a wonderfully sym-

metrical world and a sure bond of harmony for the move-
ment and magnitude of the orbital circles such as cannot be
found in any other way. For now the careful observer can

see why progression and retrogradation appear greater in

Jupiter than in Saturn and less than in Mars; and in turn

greater in Venus than in Mercury; and why these reciprocal
events appear more often in Saturn than in Jupiter, and even

less often in Mars and Venus than in Mercury; in addition,

why when Saturn, Jupiter, and Mars are in opposition (to

the mean position of the sun) they are nearer to the earth

than at the time of their occultation and their reappearance;
and especially why at the times when Mars is in opposition to

the sun, it seems to equal Jupiter in magnitude and to be dis-

tinguished from Jupiter only by a reddish color, but when
discovered through careful observation by means of a sextant

is found with difficulty among the stars of second magnitude?
All these things proceed from the same cause, which resides

in the movement of the earth. But that there are no such phe-
nomena among the fixed stars argues that they are at an im-

mense height away, which makes the circle of annual move-

ment or its image disappear from before our eyes, since every
visible thing has a certain distance beyond which it is no

longer seen, as is shown in optics. For the brilliance of their

lights shows that there is a very great distance between Sat-

urn the highest of the planets and the sphere of the fixed stars.

It is by this mark in particular that they are distinguished from

the planets, as it is proper to have the greatest difference be-

tween the moved and the unmoved. How exceedingly fine is

the godlike work of the best and greatest artist!
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sentenced to the Tower of London, excluded from Parlia-

ment and barred from ever holding office again. After his

pardon and for the last five years of his life, he devoted him-

self exclusively to writing, and it is to this period that the

world owes his famous Essays. Book One of Novum Organwn
is offered as Bacon's most representative contribution to the

philosophy of science.
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Preface

Those who have taken upon them to lay down the law of

nature as a thing already searched out and understood,
whether they have spoken in simple assurance or professional

affectation, have therein done philosophy and the sciences

great injury. For as they have been successful in inducing be-

lief, so they have been effective in quenching and stopping

inquiry; and have done more harm by spoiling and putting
an end to other men's efforts than good by their own. Those
on the other hand who have taken a contrary course, and
asserted that absolutely nothing can be known whether it

were from hatred of the ancient sophists, or from uncertainty
and fluctuation of mind, or even from a kind of fulness of

learning, that they fell upon this opinion, have certainly ad-

vanced reasons for it that are not to be despised; but yet they
have neither started from true principles nor rested in the just

conclusion, zeal and affection having carried them much too

73
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far. The more ancient of the Greeks (whose writings are lost)

took up with better judgment a position between these two

extremes, between the presumption of pronouncing on

everything, and the despair of comprehending anything; and

though frequently and bitterly complaining of the difficulty

of inquiry and the obscurity of things, and like impatient
horses champing the bit, they did not the less follow up their

object and engage with nature; thinking (it seems) that this

very question viz., whether or no anything can be known
was to be settled not by arguing, but by trying. And yet they

too, trusting entirely to the force of their understanding, ap-

plied no rule, but made everything turn upon hard thinking
and perpetual working and exercise of the mind.

Now my method, though hard to practice, is easy to ex-

plain; and it is this. I propose to establish progressive stages of

certainty. The evidence of the sense, helped and guarded by a

certain process of correction, I retain. But the mental opera-
tion which follows the act of sense I for the most part reject;

and instead of it, I open and lay out a new and certain path
for the mind to proceed in, starting directly from the simple
sensuous perception. The necessity of this was felt no doubt

by those who attributed so much importance to logic; show-

ing thereby that they were in search of helps for the under-

standing, and had no confidence in the native and spontaneous

process of the mind. But this remedy comes too late to do any

good, when the mind is already, through the daily intercourse

and conversation of life, occupied with unsound doctrines and

beset on all sides by vain imaginations. And therefore that art

of logic, coming (as I said) too late to the rescue, and no way
able to set matters right again, has had the effect of fixing er-

rors rather than disclosing truth. There remains but one

course for the recovery of a sound and healthy condition,

namely, that the entire work of the understanding be com-

menced afresh, and the mind itself be from the very outset not

left to take its own course, but guided at every step; and the

business be done as if by machinery. Certainly if in things
mechanical men had set to work with their naked hands,
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without help or force of instruments, just as in things intel-

lectual they have set to work with little else than the naked

forces of the understanding, very small would the matters

have been which, even with their best efforts applied in con-

junction, they could have attempted or accomplished. Now
(to pause awhile upon this example and look in it as in a

glass) let us suppose that some vast obelisk were (for the

decoration of a triumph or some such magnificence) to be re-

moved from its place, and that men should set to work upon
it with their naked hands; would not any sober spectator
think them mad? And if they should then send for more peo-

ple, thinking that in that way they might manage it, would
he not think them all the madder? And if they then pro-
ceeded to make a selection, putting away the weaker hands,

and using only the strong and vigorous, would he not think

them madder than ever? And if lastly, not content with this,

they resolved to call in aid the art of athletics, and required all

their men to come with hands, arms, and sinews well anointed

and medicated according to the rules of art, would he not cry
out that they were only taking pains to show a kind of

method and discretion in their madness? Yet just so it is that

men proceed in matters intellectual, with just the same

kind of mad effort and useless combination of forces, when

they hope great things either from the number and co-

operation or from the excellency and acuteness of individual

wits; yea, and when they endeavor by logic (which may be

considered as a kind of athletic art) to strengthen the sinews

of the understanding: and yet with all this study and en-

deavor it is apparent to any true judgment that they are but

applying the naked intellect all the time; whereas in every

great work to be done by the hand of man it is manifestly im-

possible, without instruments and machinery, either for the

strength of each to be exerted or the strength of all to be

united.

Upon these premises two things occur to me of which, that

they may not be overlooked, I would have men reminded.

First it falls out fortunately as I think for the allaying of
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contradictions and heart-burnings, that the honor and rev-

erence due to the ancients remains untouched and undimin-

ished; while I may carry out my designs and at the same time

reap the fruit of my modesty. For if I should profess that I,

going the same road as the ancients, have something better

to produce, there must needs have been some comparison or

rivalry between us (not to be avoided by any art of words)
in respect of excellency or ability of wit; and though in this

there would be nothing unlawful or new (for if there be any-

thing misapprehended by them, or falsely laid down, why
may not I, using a liberty common to all, take exception to

it?), yet the contest, however just and allowable, would have

been an unequal one perhaps, in respect of the measure of my
own powers. As it is, however, my object being to open a

new way for the understanding, a way by them untried and

unknown, the case is altered; party zeal and emulation are at

an end; and I appear merely as a guide to point out the road;

an office of small authority, and depending more upon a kind

of luck than upon any ability or excellency. And thus much
relates to the persons only. The other point of which I

would have men reminded relates to the matter itself.

Be it remembered then that I am far from wishing to inter-

fere with the philosophy which now flourishes, or with any
other philosophy more correct and complete than this which

has been or may hereafter be propounded. For I do not object
to the use of this received philosophy, or others like it, for

supplying matter for disputations or ornaments for discourse,

for the professor's lecture and for the business of life. Nay
more, I declare openly that for these uses the philosophy
which I bring forward will not be much available. It does not

lie in the way. It cannot be caught up in passage. It does not

flatter the understanding by conformity with preconceived
notions. Nor will it come down to the apprehension of the

vulgar except by its utility and effects.

Let there be therefore (and may it be for the benefit of

both) two streams and two dispensations of knowledge; and

in like manner two tribes or kindreds of students in philoso-
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phy tribes not hostile or alien to each other, but bound to-

gether by mutual services; let there in short be one method
for the cultivation, another for the invention, of knowledge.
And for those who prefer the former, either from hurry or

from considerations of business or for want of mental power
to take in and embrace the other (which must needs be most

men's case), I wish that they may succeed to their desire in

what they are about, and obtain what they are pursuing. But
if any man there be who, not content to rest in and use the

knowledge which has already been discovered, aspires to

penetrate further; to overcome, not an adversary in argu-

ment, but nature in action; to seek, not pretty and probable

conjectures, but certain and demonstrable knowledge; I

invite all such to join themselves, as true sons of knowledge,
with me, that passing by the outer courts of nature, which

numbers have trodden, we may find a way at length into her

inner chambers. And to make my meaning clearer and to

familiarize the thing by giving it a name, I have chosen to call

one of these methods or ways Anticipation of the Mind, the

other interpretation of Nature.

Moreover I have one request to make. I have on my own

part made it my care and study that the things which I shall

propound should not only be true, but should also be pre-
sented to men's minds, how strangely soever preoccupied and

obstructed, in a manner not harsh or unpleasant. It is but

reasonable however (especially in so great a restoration of

learning and knowledge) that I should claim of men one favor

in return; which is this: If anyone would form an opinion or

judgment either out of his own observation, or out of the

crowd of authorities, or out of the forms of demonstration

(which have now acquired a sanction like that of judicial

laws), concerning these speculations of mine, let him not

hope that he can do it in passage or by the by; but let him

examine the thing thoroughly; let him make some little trial

for himself of the way which I describe and lay out; let him

familiarize his thoughts with that subtlety of nature to which

experience bears witness; let him correct by seasonable pa-
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tience and due delay the depraved and deep-rooted habits of

his mind; and when all this is done and he has begun to be his

own master, let him (if he will) use his own judgment.

Aphorisms

Concerning the Interpretation of Nature

and the Kingdom of Man

MAN, being the servant and interpreter of nature, can do and

understand so much and so much only as he has observed in

fact or in thought of the course of nature: beyond this he

neither knows anything nor can do anything.

Neither the naked hand nor the understanding left to itself

can effect much. It is by instruments and helps that the work
is done, which are as much wanted for the understanding
as for the hand. And as the instruments of the hand either give
motion or guide it, so the instruments of the mind supply
either suggestions for the understanding or cautions.

in

Human knowledge and human power meet in one; for

where the cause is not known the effect cannot be produced.
Nature to be commanded must be obeyed; and that which in

contemplation is as the cause is in operation as the rule.

IV

Towards the effecting of works, all that man can do is to

put together or put asunder natural bodies. The rest is done

by nature working within.
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V

The study of nature with a view to works is engaged in by
the mechanic, the mathematician, the physician, the alchemist,

and the magician; but by all (as things now are) with slight
endeavor and scanty success.

VI

It would be an unsound fancy and self-contradictory to ex-

pect that things which have never yet been done can be done

except by means which have never yet been tried.

VII

The productions of the mind and hand seem very numer-
ous in books and manufactures. But all this variety lies in an

exquisite subtlety and derivations from a few things already

known; not in the number of axioms.

VIII

Moreover the works already known are due to chance and

experiment rather than to sciences; for the sciences we now

possess are merely systems for the nice ordering and setting

forth of things already invented; not methods of invention or

directions for new works.

IX

The cause and root of nearly all evils in the sciences is this

that while we falsely admire and extol the powers of the

human mind we neglect to seek for its true helps.

The subtlety of nature is greater many times over than the

subtlety of the senses and understanding; so that all those

specious meditations, speculations, and glosses in which men

indulge are quite from the purpose, only there is no one by to

observe it.

XI

As the sciences which we now have do not help us in find-
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ing out new works, so neither does the logic which we now
have help us in finding out new sciences.

XII

The logic now in use serves rather to fix and give stability

to the errors which have their foundation in commonly re-

ceived notions, than to help the search after truth. So it does

more harm than good.

XIII

The syllogism is not applied to the first principles of sci-

ences, and is applied in vain to intermediate axioms; being no

match for the subtlety of nature. It commands assent there-

fore to the proposition, but does not take hold of the thing.

XIV

The syllogism consists of propositions, propositions consist

of words, words are symbols of notions. Therefore if the no-

tions themselves (which is the root of the matter) are con-

fused and overhastily abstracted from the facts, there can be

no firmness in the superstructure. Our only hope therefore

lies in a true induction.

xv

There is no soundness in our notions whether logical or

physical. Substance, Quality Action, Passion, Essence itself,

are not sound notions: much less are Heavy, Light, Dense,

Rare, Moist, Dry, Generation, Corruption, Attraction, Re-

pulsion, Element, Matter, Form, and the like; but all are fan-

tastical and ill defined.

XVI

Our notions of less general species as Man, Dog, Dove, and

of the immediate perceptions of the sense, as Hot, Cold,

Black, White, do not materially mislead us; yet even these are

sometimes confused by the flux and alteration of matter and

the mixing of one thing with another. All the others which
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men have hitherto adopted are but wanderings, not being ab-

stracted and formed from things by proper methods.

XVII

Nor is there less of willfulness and wandering in the con-

struction of axioms than in the formations of notions; not ex-

cepting even those very principles which are obtained by
common induction; but much more in the axioms and lower

propositions educed by the syllogism.

XVIII

The discoveries which have hitherto been made in the

sciences are such as lie close to vulgar notions, scarcely be-

neath the surface. In order to penetrate into the inner and

further recesses of nature, it is necessary that both notions and

axioms be derived from things by a more sure and guarded

way; and that a method of intellectual operation be intro-

duced altogether better and more certain.

XIX

There are and can be only two ways of searching into and

discovering truth. The one flies from the senses and par-
ticulars to the most general axioms, and from these principles,

the truth of which it takes for settled and immovable, pro-
ceeds to judgment and to the discovery of middle axioms.

And this way is now in fashion. The other derives axioms

from the senses and particulars, rising by a gradual and un-

broken ascent, so that it arrives at the most general axioms

last of all. This is the true way, but as yet untried.

xx

The understanding left to itself takes the same course

(namely, the former) which it takes in accordance with log-

ical order. For the mind longs to spring up to positions of

higher generality, that it may find rest there; and so after a

little while wearies of experiment. But this evil is increased
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by logic, because of the order and solemnity of its disputa-
tions.

XXI

The understanding left to itself, in a sober, patient, and

grave mind, especially if it be not hindered by received doc-

trines, tries a little that other way, which is the right one,

but with little progress; since the understanding, unless di-

rected and assisted, is a thing unequal, and quite unfit to con-

tend with the obscurity of things.

XXII

Both ways set out from the senses and particulars, and rest

in the highest generalities; but the difference between them is

infinite. For the one just glances at experiment and particulars
in passing, the other dwells duly and orderly among them.

The one, again, begins at once by establishing certain abstract

and useless generalities, the other rises by gradual steps to

that which is prior and better known in the order of nature.

XXIII

There is a great difference between the Idols of the human
mind and the Ideas of the divine. That is to say, between cer-

tain empty dogmas, and the true signatures and marks set

upon the works of creation as they are found in nature.

XXIV

It cannot be that axioms established by argumentation
should avail for the discovery of new works; since the subtlety
of nature is greater many times over than the subtlety of argu-
ment. But axioms duly and orderly formed from particulars

easily discover the way to new particulars, and thus render

sciences active.

XXV

The axioms now in use, having been suggested by a scanty
and manipular experience and a few particulars of most gen-
eral occurrence, are made for the most part just large enough
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to fit and take these in: and therefore it is no wonder if they
do not lead to new particulars. And if some opposite instance,

not observed or not known before, chance to come in the

way, the axiom is rescued and preserved by some frivolous

distinction; whereas the truer course would be to correct the

axiom itself.

XXVI

The conclusions of human reason as ordinarily applied in

matter of nature, I call for the sake of distinction Anticipa-
tions of Nature (as a thing rash or premature). That reason

which is elicited from facts by a just and methodical process,
I call Interpretation of Nature.

XXVII

Anticipations are a ground sufficiently firm for consent; for

even if men went mad all after the same fashion, they might

agree one with another well enough.

XXVIII

For the winning of assent, indeed, anticipations are far more

powerful than interpretations; because being collected from

a few instances, and those for the most part of familiar occur-

rence, they straightway touch the understanding and fill the

imagination; whereas interpretations on the other hand, being

gathered here and there from very various and widely

dispersed facts, cannot suddenly strike the understanding; and

therefore they must needs, in respect of the opinions of the

time, seem harsh and out of tune; much as the mysteries of

faith do.

XXIX

In sciences founded on opinions and dogmas, the use of

anticipations and logic is good; for in them the object is to

command assent to the proposition, not to master the thing.

xxx

Though all the wits of all the ages should meet together
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and combine and transmit their labors, yet will no great

progress ever be made in science by means of anticipations;

because radical errors in the first concoction of the mind are

not to be cured by the excellence of functions and remedies

subsequent.

XXXI

It is idle to expect any great advancement in science from

the superinducing and engrafting of new things upon old. We
must begin anew from the very foundations, unless we would
revolve forever in a circle with mean and contemptible prog-
ress.

XXXII

The honor of the ancient authors, and indeed of all, remains

untouched; since the comparison I challenge is not of wits or

faculties, but of ways and methods, and the part I take upon
myself is not that of a judge, but of a guide.

XXXIII

This must be plainly avowed: no judgment can be rightly
formed either of my method or of the discoveries to which it

leads, by means of anticipations (that is to say, of the reason-

ing which is now in use ) ;
since I cannot be called on to abide

by the sentence of a tribunal which is itself on its trial.

xxxiv

Even to deliver and explain what I bring forward is no easy

matter; for things in themselves new will yet be apprehended
with reference to what is old.

xxxv

It was said by Borgia of the expedition of the French into

Italy, that they came with chalk in their hands to mark out

their lodgings, not with arms to force their way in. I in like

manner would have my doctrine enter quietly into the minds

that are fit and capable of receiving it; for confutations cannot

be employed, when the difference is upon first principles and

very notions and even upon forms of demonstration.



NOVXJM ORGANUM 85

XXXVI

One method of delivery alone remains to us; which is

simply this: we must lead men to the particulars themselves,

and their series and order; while men on their side must force

themselves for awhile to lay their notions by and begin to

familiarize themselves with facts.

XXXVII

The doctrine of those who have denied that certainty
could be attained at all, has some agreement with my way of

proceeding at the first setting out; but they end in being

infinitely separated and opposed. For the holders of that

doctrine assert simply that nothing can be known; I also

assert that not much can be known in nature by the way
which is now in use. But then they go on to destroy the

authority of the senses and understanding; whereas I proceed
to devise and supply helps for the same.

The idols and false notions which are now in possession of

the human understanding, and have taken deep root therein,

not only so beset men's minds that truth can hardly find en-

trance, but even after entrance obtained, they will again in

the very instauration of the sciences meet and trouble us,

unless men being forewarned of the danger fortify themselves

as far as may be against their assaults.

XXXIX

There are four classes of idols which beset men's minds. To
these for distinction's sake I have assigned names, calling the

first class Idols of the Tribe; the second, Idols of the Cave;
the third, Idols of the Market-place; the fourth, Idols of the

Theater.

XL

The formation of ideas and axioms by true induction is no
doubt the proper remedy to be applied for the keeping off

and clearing away of idols. To point them out, however, is of
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great use, for the doctrine of idols is to the interpretation of

nature what the doctrine of the refutation of sophisms is to

common logic.

XLI

The Idols of the Tribe have their foundation in human
nature itself, and in the tribe or race of men. For it is a false

assertion that the sense of man is the measure of things. On
the contrary, all perceptions, as well of the sense as of the

mind, are according to the measure of the individual and not

according to the measure of the universe. And the human

understanding is like a false mirror, which, receiving rays ir-

regularly, distorts and discolors the nature of things by min-

gling its own nature with it.

XLII

The Idols of the Cave are the idols of the individual man.

For everyone (besides the errors common to human nature in

general) has a cave or den of his own, which refracts and dis-

colors the light of nature; owing either to his own proper and

peculiar nature or to his education and conversation with

others; or to the reading of books, and the authority of those

whom he esteems and admires; or to the differences of im-

pressions, accordingly as they take place in a mind preoccu-

pied and predisposed or in a mind indifferent and settled; or

the like. So that the spirit of man (according as it is meted

out to different individuals) is in fact a thing variable and full

of perturbation, and governed as it were by chance. Whence
it was well observed by Heraclitus that men look for sciences

in their own lesser worlds, and not in the greater or common
world.

XLIII

There are also idols formed by the intercourse and associa-

tion of men with each other, which I call Idols of the Market-

place, on account of the commerce and consort of men there.

For it is by discourse that men associate; and words are im-
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posed according to the apprehension of the vulgar. And there-

fore the ill and unfit choice of words wonderfully obstructs

the understanding. Nor do the definitions or explanations
wherewith in some things learned men are wont to guard and

defend themselves, by any means set the matter right. But

words plainly force and overrule the understanding, and

throw all into confusion, and lead men away into numberless

empty controversies and idle fancies.

XLIV

Lastly, there are idols which have immigrated into men's

minds from the various dogmas of philosophies, and also from

wrong laws of demonstration. These I call Idols of the The-

ater; because in my judgment all the received systems are but

so many stage-plays, representing worlds of their own crea-

tion after an unreal and scenic fashion. Nor is it only of the

systems now in vogue, or only of the ancient sects and

philosophies, that I speak: for many more plays of the same

kind may yet be composed and in like artificial manner set

forth; seeing that errors the most widely different have never-

theless causes for the most part alike. Neither again do I

mean this only of entire systems, but also of many principles
and axioms in science, which by tradition, credulity, and

negligence have come to be received.

But of these several kinds of idols I must speak more largely
and exactly, that the understanding may be duly cautioned.

XLV

The human understanding is of its own nature prone to

suppose the existence of more order and regularity in the

world than it finds. And though there be many things in

nature which are singular and unmatched, yet it devises for

them parallels and conjugates and relatives which do not exist.

Hence the fiction that all celestial bodies move in perfect

circles; spirals and dragons being (except in name) utterly re-

jected. Hence too the element of fire with its orb is brought
in, to make up the square with the other three which the sense
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perceives. Hence also the ratio of density of the so-called ele-

ments is arbitrarily fixed at ten to one. And so on of other

dreams. And these fancies affect not dogmas only, but simple
notions also.

XLVI

The human understanding when it has once adopted an

opinion (either as being the received opinion or as being

agreeable to itself) draws all things else to support and agree
with it. And though there be a greater number and weight
of instances to be found on the other side, yet these it either

neglects and despises, or else by some distinction sets aside

and rejects; in order that by this great and pernicious pre-
determination the authority of its former conclusions may re-

main inviolate. And therefore it was a good answer that was

made by one who when they showed him hanging in a temple
a picture of those who had paid their vows as having escaped

shipwreck, and would have him say whether he did not now

acknowledge the power of the gods, "Aye," asked he again,

"but where are they painted that were drowned after their

vows?" And such is the way of all superstition, whether in

astrology, dreams, omens, divine judgments, or the like;

wherein men, having a delight in such vanities, mark the

events where they are fulfilled, but where they fail, though
this happen much oftener, neglect and pass them by. But with

far more subtlety does this mischief insinuate itself into

philosophy and the sciences; in which the first conclusion

colors and brings into conformity with itself all that come

after, though far sounder and better. Besides, independently
of that delight and vanity which I have described, it is the

peculiar and perpetual error of the human intellect to be more
moved and excited by affirmatives than by negatives; whereas

it ought properly to hold itself indifferently disposed towards

both alike. Indeed in the establishment of any true axiom, the

negative instance is the more forcible of the two.

XLV1I

The human understanding is moved by those things most
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which strike and enter the mind simultaneously and suddenly,
and so fill the imagination; and then it feigns and supposes all

other things to be somehow, though it cannot see how, similar

to those few things by which it is surrounded. But for that

going to and fro to remote and heterogeneous instances, by
which axioms are tried as in the fire, the intellect is altogether
slow and unfit, unless it be forced thereto by severe laws and

overruling authority.

XLVIII

The human understanding is unquiet; it cannot stop or rest,

and still presses onward, but in vain. Therefore it is that we
cannot conceive of any end or limit to the world; but always
as of necessity it occurs to us that there is something beyond.
Neither again can it be conceived how eternity has flowed

down to the present day: for that distinction which is com-

monly received of infinity in time past and in time to come
can by no means hold; for it would thence follow that one

infinity is greater than another, and that infinity is wasting

away and tending to become finite. The like subtlety arises

touching the infinite divisibility of lines, from the same in-

ability of thought to stop. But this inability interferes more

mischievously in the discovery of causes: for although the

most general principles in nature ought to be held merely

positive, as they are discovered, and cannot with truth be re-

ferred to a cause; nevertheless the human understanding be-

ing unable to rest still seeks something prior in the order of

nature. And then it is that in struggling towards that which is

further off it falls back upon that which is more nigh at hand,

namely, on final causes; which have relation clearly to the

nature of man rather than to the nature of the universe, and

from this source have strangely defined philosophy. But he is

no less an unskilled and shallow philosopher who seeks

causes of that which is most general, than he who in things
subordinate and subaltern omits to do so.

XLDC

The human understanding is no dry light, but receives an
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infusion from the will and affections; whence proceed sciences

which may be called "sciences as one would." For what a

man had rather were true he more readily believes. Therefore

he rejects difficult things from impatience of research; sober

things, because they narrow hope; the deeper things of

nature, from superstition; the light of experience, from ar-

rogance and pride, lest his mind should seem to be occupied
with things mean and transitory; things not commonly be-

lieved, out of deference to the opinion of the vulgar. Num-
berless in short are the ways, and sometimes imperceptible,
in which the affections color and infect the understanding.

But by far the greatest hindrance and aberration of the

human understanding proceeds from the dullness, incompe-

tency, and deceptions of the senses; in that things which

strike the sense outweigh things which do not immediately
strike it, though they be more important. Hence it is that

speculation commonly ceases where sight ceases, insomuch

that of things invisible there is little or no observation. Hence
all the working of the spirits inclosed in tangible bodies lies

hid and unobserved of men. So also all the more subtle changes
of form in the parts of coarser substances (which they com-

monly call alteration, though it is in truth local motion

through exceedingly small spaces) is in like manner unob-

served. And yet unless these two things just mentioned be

searched out and brought to light, nothing great can be

achieved in nature, as far as the production of works is con-

cerned. So again the essential nature of our common air, and

of all bodies less dense than air (which are very many), is

almost unknown. For the sense by itself is a thing infirm and

erring; neither can instruments for enlarging or sharpening
the senses do much: but all the truer kind of interpretation
of nature is effected by instances and experiments fit and ap-

posite; wherein the sense decides touching the experiment

only, and the experiment touching the point in nature and the

thing itself.
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LI

The human understanding is of its own nature prone to

abstractions and gives a substance and reality to things which

are fleeting. But to resolve nature into abstractions is less to

our purpose than to dissect her into parts; as did the school

of Democritus, which went further into nature than the rest.

Matter rather than forms should be the object of our at-

tention, its configurations and changes of configuration, and

simple action, and law of action or motion; for forms are fig-

ments of the human mind, unless you will call those laws of

action forms,

LII

Such then are the idols "which I call Idols of the Tribe; and

which take their rise either from the homogeneity of the sub-

stance of the human spirit, or from its preoccupation, or from
its narrowness, or from its restless motion, or from an infusion

of the affections, or from the incompetency of the senses, or

from the mode of impression.

LIII

The Idols of the Cave take their rise in the peculiar consti-

tution, mental or bodily, of each individual; and also in educa-

tion, habit, and accident. Of this kind there is a great number
and variety; but I will instance those the pointing out of which

contains the most important caution, and which have most

effect in disturbing the clearness of the understanding.

LIV

Men become attached to certain particular sciences and

speculations, either because they fancy themselves the authors

and inventors thereof, or because they have bestowed the

greatest pains upon them and become most habituated to

them. But men of this kind, if they betake themselves to

philosophy and contemplations of a general character, distort

and color them in obedience to their former fancies; a thing

especially to be noticed in Aristotle, who made his natural

philosophy a mere bondservant to his logic, thereby render-
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ing it contentious and well nigh useless. The race of chemists

again out of a few experiments of the furnace have built up a

fantastic philosophy, framed with reference to a few things;

and Gilbert also, after he had employed himself most labori-

ously in the study and observation of the lodestone, proceeded
at once to construct an entire system in accordance with his

favorite subject.

LV

There is one principal and as it were radical distinction be-

tween different minds, in respect of philosophy and the

sciences; which is this: that some minds are stronger and apter
to mark the differences of things, others to mark their re-

semblances. The steady and acute mind can fix its contempla-
tions and dwell and fasten on the subtlest distinctions; the

lofty and discursive mind recognizes and puts together the

finest and most general resemblances. Both kinds however

easily err in excess, by catching the one at gradations the

other at shadows.

There are found some minds given to an extreme admira-

tion of antiquity, others to an extreme love and appetite for

novelty; but few so duly tempered that they can hold the

mean, neither carping at what has been well laid down by the

ancients, nor despising what is well introduced by the mod-
erns. This however turns to the great injury of the sciences

and philosophy: since these affectations of antiquity and

novelty are the humors of partisans rather than judgments;
and truth is to be sought for not in the felicity of any age,

which is an unstable thing, but in the light of nature and ex-

perience, which is eternal. These factions therefore must be

abjured, and care must be taken that the intellect be not hur-

ried by them into assent.

LVII

Contemplations of nature and of bodies in their simple
form break up and distract the understanding, while con-
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temptations of nature and bodies in their composition and

configuration overpower and dissolve the understanding: a

distinction well seen in the school of Leucippus and Democ-
ritus as compared with the other philosophies. For that school

is so busied with the particles that it hardly attends to the

structure; while the others are so lost in admiration of the

structure that they do not penetrate to the simplicity of na-

ture. These kinds of contemplation should therefore be al-

ternated and taken by turns; that so the understanding may be

rendered at once penetrating and comprehensive, and the in-

conveniences above mentioned, with the idols which proceed
from them, may be avoided.

LVIII

Let such then be our provision and contemplative prudence
for keeping off and dislodging the Idols of the Cave, which

grow for the most part either out of the predominance of a

favorite subject, or out of an excessive tendency to compare
or to distinguish, or out of partiality for particular ages, or

out of the largeness or minuteness of the objects contem-

plated. And generally let every student of nature take this as

a rule, that whatever his mind seizes and dwells upon with

peculiar satisfaction is to be held in suspicion, and that so

much the more care is to be taken in dealing with such ques-
tions to keep the understanding even and clear.

LIX

But the Idols of the Market-place are the most troublesome

of all: idols which have crept into the understanding through
the alliances of words and names. For men believe that their

reason governs words; but it is also true that words react on

the understanding; and this it is that has rendered philosophy
and the sciences sophistical and inactive. Now words, being

commonly framed and applied according to the capacity of

the vulgar, follow those lines of division which are most ob-

vious to the vulgar understanding. And whenever an under-

standing of greater acuteness or a more diligent observation

would alter those lines to suit the true divisions of nature,
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words stand in the way and resist the change. Whence it

comes to pass that the high and formal discussions of learned

men end oftentimes in disputes about words and names; with

which (according to the use and wisdom of the mathema-

ticians) it would be more prudent to begin, and so by means

of definitions reduce them to order. Yet even definitions can-

not cure this evil in dealing with natural and material things;
since the definitions themselves consist of words, and those

words beget others: so that it is necessary to recur to indi-

vidual instances, and those in due series and order; as I shall

say presently when I come to the method and scheme for the

formation of notions and axioms.

LX

The idols imposed by words on the understanding are of

two kinds. They are either names of things which do not exist

(for as there are things left unnamed through lack of observa-

tion, so likewise are there names which result from fantastic

suppositions and to which nothing in reality corresponds), or

they are names of things which exist, but yet confused and

ill-defined, and hastily and irregularly derived from realities.

Of the former kind are Fortune, the Prime Mover, Planetary

Orbits, Elements of Fire, and like fictions which owe their

origin to false and idle theories. And this class of idols is more

easily expelled, because to get rid of them it is only necessary
that all theories should be steadily rejected and dismissed as

obsolete.

But the other class, which springs out of a faulty and un-

skillful abstraction, is intricate and deeply rooted. Let us take

for example such a word as humid, and see how far the several

things which the word is used to signify agree with each

other; and we shall find the word humid to be nothing else

than a mark loosely and confusedly applied to denote a

variety of actions which will not bear to be reduced to any
constant meaning. For it both signifies that which easily

spreads itself round any other body; and that which in itself

is indeterminate and cannot solidize; and that which readily

yields in every direction; and that which easily divides and
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scatters itself; and that which easily unites and collects itself;

and that which readily flows and is put in motion; and that

which readily clings to another body and wets it; and that

which is easily reduced to a liquid, or being solid easily melts.

Accordingly when you come to apply the word, if you take

it in one sense, flame is humid; if in another, air is not humid;
if in another, fine dust is humid; if in another, glass is humid.

So that it is easy to see that the notion is taken by abstraction

only from water and common and ordinary liquids, without

any due verification.

There are however in words certain degrees of distortion

and error. One of the least faulty kinds is that of names of

substances, especially of lowest species and well-deduced (for

the notion of chalk and of mud is good, of earth bad); a more

faulty kind is that of actions, as to generate, to corrupt, to

alter; the most faulty is of qualities (except such as are the

immediate objects of the sense) as heavy, light, rare, dense,

and the like. Yet in all these cases some notions are of necessity
a little better than others, in proportion to the greater variety
of subj ects that fall within the range of the human sense.

LXI

But the Idols of the Theater are not innate, nor do they
steal into the understanding secretly, but are plainly im-

pressed and received into the mind from the play-books of

philosophical systems and the perverted rules of demonstra-

tion. To attempt refutations in this case would be merely
inconsistent with what I have already said: for since we

agree neither upon principles nor upon demonstrations there

is no place for argument. And this is so far well, inasmuch

as it leaves the honor of the ancients untouched. For they are

no wise disparaged the question between them and me being

only as to the way. For as the saying is, the lame man who

keeps the right road outstrips the runner who takes a wrong
one. Nay it is obvious that when a man runs the wrong way,
the more active and swift he is the further he will go astray.

But the course I propose for the discovery of sciences is

such as leaves but little to the acuteness and strength of wits,
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but places all wits and understandings nearly on a level. For

as in the drawing of a straight line or a perfect circle, much

depends on the steadiness and practice of the hand, if it be

done by aim of hand only, but if with the aid of rule or com-

pass, little or nothing; so is it exactly with my plan. But though

particular confutations would be of no avail, yet touching
the sects and general divisions of such systems I must say

something; something also touching the external signs which

show that they are unsound; and finally something touching
the causes of such great infelicity and of such lasting and

general agreement in error; that so the access to truth may be

made less difficult, and the human understanding may the

more willingly submit to its purgation and dismiss its idols.

Idols of the Theater, or of Systems, are many, and there

can be and perhaps will be yet many more. For were it not

that now for many ages men's minds have been busied with

religion and theology; and were it not that civil governments,

especially monarchies, have been averse to such novelties,

even in matters speculative; so that men labor therein to the

peril and harming of their fortunes, not only unrewarded,
but exposed also to contempt and envy: doubtless there would

have arisen many other philosophical sects like to those which

in great variety flourished once among the Greeks. For as

on the phenomena of the heavens many hypotheses may be

constructed, so likewise (and more also) many various dog-
mas may be set up and established on the phenomena of

philosophy. And in the plays of this philosophical theater you
may observe the same thing which is found in the theater of

the poets, that stories invented for the stage are more compact
and elegant, and more as one would wish them to be, than

true stories out of history.

In general however there is taken for the material of

philosophy either a great deal out of a few things, or a very
little out of many things; so that on both sides philosophy is

based on too narrow a foundation of experiment and natural
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history, and decides on the authority of too few cases. For

the rational school of philosophers snatches from experience
a variety of common instances, neither duly ascertained nor

diligently examined and weighed, and leaves all the rest to

meditation and agitation of wit.

There is also another class of philosophers, who having
bestowed much diligent and careful labor on a few experi-

ments, have thence made bold to educe and construct sys-

tems; wresting all other facts in a strange fashion to con-

formity therewith.

And there is yet a third class, consisting of those who out

of faith and veneration mix their philosophy with theology
and traditions; among whom the vanity of some has gone so

far aside as to seek the origin of science among spirits and

genii. So that this parent stock of errors this false philoso-

phy is of three kinds; the sophistical, the empirical, and the

superstitious.

LXIII

The most conspicuous example of the first class was Aris-

totle, who corrupted natural philosophy by his logic: fash-

ioning the world out of categories; assigning to the human

soul, the noblest of substances, a genus from words of the

second intention; doing the business of density and rarity

(which is to make bodies of greater or less dimensions, that

is, occupy greater or less spaces), by the frigid distinction

of act and power; asserting that single bodies have each a

single and proper motion, and that if they participate in any
other, then this results from an external cause; and imposing
countless other arbitrary restrictions on the nature of things:

being always more solicitous to provide an answer to the

question and affirm something positive in words, than about

the inner truth of things; a failing best shown when his phi-

losophy is compared with other systems of note among the

Greeks. For the homoeomera of Anaxagoras; the atoms of

Leucippus and Democritius; the Heaven and Earth of Par-

menides; the Strife and Friendship of Empedocles; Heracli-
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tus's doctrine how bodies are resolved into the indifferent

nature of fire, and remolded into solids; have all of them some

taste of the natural philosopher, some savor of the nature of

things, and experience, and bodies; whereas in the physics of

Aristotle you hear hardly anything but the words of logic;

which in his metaphysics also, under a more imposing name,
and more forsooth as a realist than a nominalist, he has handled

over again. Nor let any weight be given to the fact that in

his books on animals, and his Problems, and other of his

treatises, there is frequent dealing with experiments. For he

had come to his conclusion before: he did not consult ex-

perience, as he should have done, in order to the framing of

his decisions and axioms; but having first determined the

question according to his will, he then resorts to experience,
and bending her into conformity with his placets leads her

about like a captive in a procession: so that even on this

count he is more guilty than his modern followers, the school-

men, who have abandoned experience altogether.

LXIV

But the empirical school of philosophy gives birth to dog-
mas more deformed and monstrous than the sophistical or

rational school. For it has its foundations not in the light of

common notions (which, though it be a faint and superficial

light, is yet in a manner universal, and has reference to many
things) but in the narrowness and darkness of a few experi-
ments. To those therefore who are daily busied with these

experiments, and have infected their imagination with them,

such a philosophy seems probable and all but certain; to all

men else incredible and vain. Of this there is a notable instance

in the alchemists and their dogmas; though it is hardly to be

found elsewhere in these times, except perhaps in the phi-

losophy of Gilbert. Nevertheless with regard to philosophies
of this kind there is one caution not to be omitted; for I

foresee that if ever men are roused by my admonitions to

betake themselves seriously to experiment and bid farewell

to sophistical doctrines, then indeed through the premature

hurry of the understanding to leap or fly to universals and
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principles of things, great danger may be apprehended from

philosophies of this kind; against which evil we ought even

now to prepare.

LXV

But the corruption of philosophy by superstition and an

admixture of theology is far more widely spread, and does

the greatest harm, whether to entire systems or to their parts.
For the human understanding is obnoxious to the influence

of the imagination no less than to the influence of common
notions. For the contentious and sophistical kind of philoso-

phy ensnares the understanding; but this kind, being fanciful

and tumid and half poetical, misleads it more by flattery.

For there is in man an ambition of the understanding, no less

than of the will, especially in high and lofty spirits.

Of this kind we have among the Greeks a striking example
in Pythagoras, though he united with it a coarser and more
cumbrous superstition; another in Plato and his school, more

dangerous and subtle. It shows itself likewise in parts of other

philosophies, in the introduction of abstract forms and final

causes and first causes, with the omission in most cases of

causes intermediate, and the like. Upon this point the greatest
caution should be used. For nothing is so mischievous as the

apotheosis of error; and it is a very plague of the understand-

ing for vanity to become the object of veneration. Yet in this

vanity some of the moderns have with extreme levity indulged
so far as to attempt to found a system of natural philosophy
on the first chapters of Genesis, on the book of Job, and other

parts of the sacred writings; seeking for the dead among the

living: which also makes the inhibition and repression of it

the more important, because from this unwholesome mixture

of things human and divine there arises not only a fantastic

philosophy but also an heretical religion. Very meet it is

therefore that we be sober-minded, and give to faith that

only which is faith's.

LXVI

So much then for the mischievous authorities of systems,
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which are founded either on common notions, or on a few

experiments, or on superstition. It remains to speak of the

faulty subject-matter of contemplations, especially in natural

philosophy. Now the human understanding is infected by the

sight of what takes place in the mechanical arts, in which the

alteration of bodies proceeds chiefly by composition or sepa-

ration, and so imagines that something similar goes on in the

universal nature of things. From this source has flowed the

fiction of elements, and of their concourse for the formation

of natural bodies. Again, when man contemplates nature

working freely, he meets with different species of things,

of animals, of plants, of minerals; whence he readily passes

into the opinion that there are in nature certain primary
forms which nature intends to educe, and that the remaining

variety proceeds from hindrances and aberrations of nature

in the fulfillment of her work, or from the collision of differ-

ent species and the transplanting of one into another. To the

first of these speculations we owe our primary qualities of

the elements; to the other our occult properties and specific

virtues; and both of them belong to those empty compendia
of thought wherein the mind rests, and whereby it is diverted

from more solid pursuits. It is to better purpose that the

physicians bestow their labor on the secondary qualities of

matter, and the operations of attraction, repulsion, attenua-

tion, conspissation, dilatation, astriction, dissipation, matura-

tion, and the like; and were it not that by those two compendia
which I have mentioned (elementary qualities, to wit, and

specific virtues) they corrupted their correct observations in

these other matters, either reducing them to first qualities

and their subtle and incommensurable mixtures, or not fol-

lowing them out with greater and more diligent observation

to third and fourth qualities, but breaking off the scrutiny

prematurely, they had made much greater progress. Nor
are powers of this kind (I do not say the same, but similar)

to be sought for only in the medicines of the human body,
but also in the changes of all other bodies.

But it is a far greater evil that they make the quiescent

principles, ivherefrom, and not the moving principles,
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whereby, things are produced, the object of their contempla-
tion and inquiry. For the former tend to discourse, the latter

to works. Nor is there any value in those vulgar distinctions

of motion which are observed in the received system of

natural philosophy, as generation, corruption, augmentation,
diminution, alteration, and local motion. What they mean no
doubt is this: If a body, in other respects not changed, be

moved from its place, this is local jnotion; if without change
of place or essence, it be changed in quality, this is alteration;

if by reason of the change the mass and quantity of the body
do not remain the same, this is augmentation or diminution;
if they be changed to such a degree that they change their

very essence and substance and turn to something else, this

is generation and corruption. But all this is merely popular,
and does not at all go deep into nature; for these are only
measures and limits, not kinds of motion. What they inti-

mate is how far, not by 'what means, or from what source.

For they do not suggest anything with regard either to the

desires of bodies or to the development of their parts: it is

only when that motion presents the thing grossly and pal-

pably to the sense as different from what it was, that they

begin to mark the division. Even when they wish to suggest

something with regard to the causes of motion, and to estab-

lish a division with reference to them, they introduce with

the greatest negligence a distinction between motion natural

and violent; a distinction which is itself drawn entirely from

a vulgar notion, since all violent motion is also in fact natural;

the external efficient simply setting nature working otherwise

than it was before. But if, leaving all this, anyone shall ob-

serve (for instance) that there is in bodies a desire of mutual

contact, so as not to suffer the unity of nature to be quite

separated or broken and a vacuum thus made; or if anyone

say that there is in bodies a desire of resuming their natural

dimensions or tension, so that if compressed within or ex-

tended beyond them, they immediately strive to recover

themselves, and fall back to their old volume and extent; or

if anyone say that there is in bodies a desire of congregating
towards masses of kindred nature, of dense bodies, for in-
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stance, towards the globe of the earth, of thin and rare bodies

towards the compass of the sky; all these and the like are truly

physical kinds of motion; but those others are entirely logi-

cal and scholastic, as is abundantly manifest from this com-

parison.
Nor again is it a less evil, that in their philosophies and con-

templations their labor is spent in investigating and handling
the first principles of things and the highest generalities of

nature; whereas utility and the means of working result en-

tirely from things intermediate. Hence it is that men cease

not from abstracting nature till they come to potential and

uninformed matter, nor on the other hand from dissecting
nature till they reach the atom; things which, even if true,

can do but little for the welfare of mankind.

LXVII

A caution must also be given to the understanding against

the intemperance which systems of philosophy manifest in

giving or withholding assent; because intemperance of this

kind seems to establish idols and in some sort to perpetuate

them, leaving no way open to reach and dislodge them.

This excess is of two kinds: the first being manifest in those

who are ready in deciding; and render sciences dogmatic
and magisterial; the other in those who deny that we can

know anything, and so introduce a wandering kind of in-

quiry that leads to nothing; of which kinds the former

subdues, the latter weakens the understanding. For the phi-

losophy of Aristotle, after having by hostile confutations

destroyed all the rest (as the Ottomans serve their brothers),

has laid down the law on all points: which done, he proceeds
himself to raise new questions of his own suggestion, and

dispose of them likewise; so that nothing may remain that is

not certain and decided, a practice which holds and is in use

among his successors.

The school of Plato, on the other hand, introduced

Acatalepsy at first in jest and irony, and in disdain of the

older sophists, Protagoras, Hippias, and the rest, who were

of nothing else so much ashamed as of seeming to doubt about
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anything. But the New Academy made a dogma of it, and

held it as a tenet. And though theirs is a fairer seeming way
than arbitrary decisions; since they say that they by no means

destroy all investigation, like Pyrrho and his Refrainers, but

allow of some things to be followed as probable, though of

none to be maintained as true; yet still when the human mind
has once despaired of finding truth, its interest in all things

grows fainter; and the result is that men turn aside to pleasant

disputations and discourses and roam as it were from object
to object, rather than keep on a course of severe inquisition.

But, as I said at the beginning and am ever urging, the human
senses and understanding, weak as they are, are not to be

deprived of their authority, but to be supplied with helps.

LXV1II

So much concerning the several classes of idols, and their

equipage: all of which must be renounced and put away with

a fixed and solemn determination, and the understanding

thoroughly freed and cleansed; the entrance into the kingdom
of man, founded on the sciences, being not much other than

the entrance into the kingdom of heaven, whereinto none may
enter except as a little child.

LXIX

But vicious demonstrations are as the strongholds and de-

fenses of idols; and those we have in logic do little else than

make the world the bond-slave of human thought, and human

thought the bond-slave of words. Demonstrations truly are

in effect the philosophies themselves and the sciences. For

such as they are, well or ill established, such are the systems
of philosophy and the contemplations which follow. Now in

the whole of the process which leads from the sense and

objects to axioms and conclusions, the demonstrations which

we use are deceptive and incompetent. This process consists

of four parts, and has as many faults. In the first place, the

impressions of the sense itself are faulty; for the sense both

fails us and deceives us. But its shortcomings are to be sup-

plied, and its deceptions to be corrected. Secondly, notions
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are ill drawn from the impressions of the senses, and are in-

definite and confused, whereas they should be definite and

distinctly bounded. Thirdly, the induction is amiss which

infers the principles of sciences by simple enumeration, and

does not, as it ought, employ exclusions and solutions (or

separations) of nature. Lastly, that method of discovery and

proof according to which the most general principles are first

established, and then intermediate axioms are tried and proved

by them, is the parent of error and the curse of all science.

Of these things however, which now I do but touch upon,
I will speak more largely, when, having performed these

expiations and purgings of the mind, I come to set forth the

true way for the interpretation of nature.

LXX

But the best demonstration by far is experience, if it go not

beyond the actual experiment. For if it be transferred to other

cases which are deemed similar, unless such transfer be made

by a just and orderly process, it is a fallacious thing. But the

manner of making experiments which men now use is blind

and stupid. And therefore, wandering and straying as they
do with no settled course, and taking counsel only from things
as they fall out, they fetch a wide circuit and meet with many
matters, but make little progress; and sometimes are full of

hope, sometimes are distracted; and always find that there is

something beyond to be sought. For it generally happens that

men make their trials carelessly, and as it were in play;

slightly varying experiments already known, and, if the thing
does not answer, growing weary and abandoning the at-

tempt. And even if they apply themselves to experiments
more seriously and earnestly and laboriously, still they spend
their labor in working out some one experiment, as Gilbert

with the magnet, and the chemists with gold, a course of

proceeding not less unskillful in the design than small in the

attempt. For no one successfully investigates the nature of a

thing in the thing itself; the inquiry must be enlarged, so

as to become more general.

And even when they seek to educe some science or theory
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from their experiments, they nevertheless almost always turn

aside with overhasty and unseasonable eagerness to practice;
not only for the sake of the uses and fruits of the practice,
but from impatience to obtain in the shape of some new work
an assurance for themselves that it is worth their while to go
on; and also to show themselves off to the world, and so raise

the credit of the business in which they are engaged. Thus,
like Atalanta, they go aside to pick up the golden apple, but

meanwhile they interrupt their course, and let the victory

escape them. But in the true course of experience, and in

carrying it on to the effecting of new works, the divine wis-

dom and order must be our pattern. Now God on the first

day of creation created light only, giving to that work an

entire day, in which no material substance was created. So
must we likewise from experience of every kind first en-

deavor to discover true causes and axioms; and seek for ex-

periments of Light, not for experiments of Fruit. For axioms

rightly discovered and established supply practice with its

instruments, not one by one, but in clusters, and draw after

them trains and troops of works. Of the paths however of

experience, which no less than the paths of judgment are

impeded and beset, I will speak hereafter; here I have only
mentioned ordinary experimental research as a bad kind of

demonstration. But now the order of the matter in hand leads

me to add something both as to those signs which I lately

mentioned, signs that the system of philosophy and con-

templation in use are in a bad condition, and also as to the

causes of what seems at first so strange and incredible. For a

knowledge of the signs prepares assent; an explanation of the

causes removes the marvel: which two things will do much
to render the extirpation of idols from the understanding
more easy and gentle.

LXXI

The sciences which we possess come for the most part from

the Greeks. For what has been added by Roman, Arabic, or

later writers is not much nor of much importance; and what-

ever it is, it is built on the foundation of Greek discoveries.
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Now the wisdom of the Greeks was professorial and much

given to disputations; a kind of wisdom most adverse to the

inquisition of truth. Thus that name of Sophists, which by
those who would be thought philosophers was in contempt
cast back upon and so transferred to the ancient rhetoricians,

Gorgias, Protagoras, Hippias, Polus, does indeed suit the en-

tire class, Plato, Aristotle, Zeno, Epicurus, Theophrastus, and

their successors Chrysippus, Carnades, and the rest. There was

this difference only, that the former class was wandering and

mercenary, going about from town to town, putting up their

wisdom to sale, and taking a price for it; while the latter was

more pompous and dignified, as composed of men who had

fixed abodes, and who opened schools and taught their phi-

losophy without reward. Still both sorts, though in other

respects unequal, were professorial; both turned the matter

into disputations, and set up and battled for philosophical
sects and heresies; so that their doctrines were for the most

part (as Dionysius not unaptly rallied Plato) "the talk of idle

old men to ignorant youths." But the elder of the Greek

philosophers, Empedocles, Anaxagoras, Leucippus, Democ-

ritus, Parmenides, Heraclitus, Xenophanes, Philolaus, and the

rest (I omit Pythagoras as a mystic), did not, so far as we
know, open schools; but more silently and severely and

simply, that is, with less affectation and parade, betook

themselves to the inquisition of truth. And therefore they
were in my judgment more successful; only that their works

were in the course of time obscured by those slighter persons
who had more which suits and pleases the capacity and tastes

of the vulgar: time, like a river, bringing down to us things
which are light and puffed up, but letting weighty matters

sink. Still even they were not altogether free from the failing

of their nation; but leaned too much to the ambition and

vanity of founding a sect and catching popular applause. But

the inquisition of truth must be despaired of when it turns

aside to trifles of this kind. Nor should we omit that judg-

ment, or rather divination, which was given concerning the

Greeks by the Egyptian priest, that "they were always boys,
without antiquity of knowledge or knowledge of antiquity."
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Assuredly they have that which is characteristic of boys; they
are prompt to prattle, but cannot generate; for their wisdom
abounds in words but is barren of works. And therefore the

signs which are taken from the origin and birthplace of the

received philosophy are not good.

LXXII

Nor does the character of the time and age yield much
better signs than the character of the country and nation. For
at that period there was but a narrow and meager knowledge
either of time or place; which is the worst thing that can be,

especially for those who rest all on experience. For they had

no history, worthy to be called history, that went back a

thousand years; but only fables and rumors of antiquity. And
of the regions and districts of the world they knew but a

small portion; giving indiscriminately the name of Scythians

to all in the North, of Celts to all in the West; knowing
nothing of Africa beyond the hither side of Ethiopia, of Asia

beyond the Ganges; much less were they acquainted with

the provinces of the New World, even by hearsay or any
well-founded rumor; nay, a multitude of climates and zones,

wherein innumerable nations breathe and live, were pro-
nounced by them to be uninhabitable; and the travels of

Democritus, Plato, and Pythagoras, which were rather

suburban excursions than distant journeys, were talked of as

something great. In our times on the other hand both many
parts of the New World and the limits on every side of the

Old World are known, and our stock of experience has in-

creased to an infinite amount. Wherefore if (like astrologers)

we draw signs from the season of their nativity or birth, noth-

ing great can be predicted of those systems of philosophy.

LXXIIl

Of all signs there is none more certain or more noble than

that taken from fruits. For fruits and works are as it were

sponsors and sureties for the truth of philosophies. Now, from

all these systems of the Greeks, and their ramifications

through particular sciences there can hardly after the lapse
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of so many years be adduced a single experiment which tends

to relieve and benefit the condition of man, and which can

with truth be referred to the speculations and theories of

philosophy. And Celsus ingenuously and wisely owns as

much, when he tells us that the experimental part of medicine

was first discovered, and that afterwards men philosophized
about it, and hunted for and assigned causes; and not by an

inverse process that philosophy and the knowledge of causes

led to the discovery and development of the experimental

part. And therefore it was not strange that among the Egyp-
tians, who rewarded inventors with divine honors and sacred

rites, there were more images of brutes than of men; inas-

much as brutes by their natural instinct have produced many
discoveries, whereas men by discussion and the conclusions

of reason have given birth to few or none.

Some little has indeed been produced by the industry of

chemists; but it has been produced accidentally and in pass-

ing, or else by a kind of variation of experiments, such as

mechanics use; and not by any art or theory; for the theory
which they have devised rather confuses the experiments
than aids them. They too who have busied themselves with

natural magic, as they call it, have but few discoveries to

show, and those trifling and imposture-like. Wherefore, as in

religion we are warned to show our faith by works, so in

philosophy by the same rule the system should be judged of

by its fruits, and pronounced frivolous if it be barren; more

especially if, in place of fruits of grape and olive, it bear

thorns and briars of dispute and contention.

LXXIV

Signs also are to be drawn from the increase and progress
of systems and sciences. For what is founded on nature grows
and increases; while what is founded on opinion varies but

increases not. If therefore those doctrines had not plainly
been like a plant torn up from its roots, but had remained

attached to the womb of nature and continued to draw nour-

ishment from her, that could never have come to pass which

we have seen now for twice a thousand years; namely, that
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the sciences stand where they did and remain almost in the

same condition; receiving no noticeable increase, but on the

contrary, thriving most under their first founder, and then

declining. Whereas in the mechanical arts, which are founded

on nature and the light of experience, we see the contrary

happen, for these (as long as they are popular) are continually

thriving and growing, as having in them a breath of life; at

first rude, then convenient, afterwards adorned, and at all

times advancing.

LXXV

There is still another sign remaining (if sign it can be

called, when it is rather testimony, nay, of all testimony the

most valid); I mean the confession of the very authorities

whom men now follow. For even they who lay down the law

on all things so confidently, do still in their more sober moods
fall to complaints of the subtlety of nature, the obscurity of

things, and the weakness of the human mind. Now if this were
all they did, some perhaps of a timid disposition might be

deterred from further search, while others of a more ardent

and hopeful spirit might be whetted and incited to go on
farther. But not content to speak for themselves, whatever

is beyond their own or their master's knowledge or reach they
set down as beyond the bounds of possibility, and pronounce,
as if on the authority of their art, that it cannot be known or

done; thus most presumptuously and invidiously turning the

weakness of their own discoveries into a calumny on nature

herself, and the despair of the rest of the world. Hence the

school of the New Academy, which held Acatalepsia as a

tenet and doomed men to perpetual darkness. Hence the

opinion that forms or true differences of things (which are

in fact laws of pure act) are past finding out and beyond the

reach of man. Hence too those opinions in the department of

action and operation; as that the heat of the sun and of fire

are quite different in kind, lest men should imagine that by
the operations of fire anything like the works of nature can

be educed and formed. Hence the notion that composition

only is the work of man, and mixture of none but nature,
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lest men should expect from art some power of generating
or transforming natural bodies. By this sign, therefore, men
will easily take warning not to mix up their fortunes and

labors with dogmas not only despaired of but dedicated to

despair.

LXXVI

Neither is this other sign to be omitted; that formerly
there existed among philosophers such great disagreement,
and such diversities in the schools themselves; a fact which

sufficiently shows that the road from the senses to the under-

standing was not skillfully laid out, when the same ground-
work of philosophy (the nature of things to wit) was torn

and split up into such vague and multifarious errors. And

although in these times disagreements and diversities of opin-
ion on first principles and entire systems are for the most

part extinguished, still on parts of philosophy there remain

innumerable questions and disputes, so that it plainly appears
that neither in the systems themselves nor in the modes of

demonstration is there anything certain or sound.

LXXVII

And as for the general opinion that in the philosophy of

Aristotle at any rate there is great agreement; since after its

publication the systems of older philosophers died away,
while in the times which followed nothing better was found;
so that it seems to have been so well laid and established as

to have drawn both ages in its train; I answer in the first

place, that the common notion of the falling off of the old

systems upon the publication of Aristotle's works is a false

one; for long afterwards, down even to the times of Cicero

and subsequent ages, the works of the old philosophers still

remained. But in the times which followed, when on the

inundation of barbarians into the Roman empire human

learning had suffered shipwreck, then the systems of Aristotle

and Plato, like planks of lighter and less solid material, floated

on the waves of time, and were preserved. Upon the point
of consent also men are deceived, if the matter be looked into
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more keenly. For true consent is that which consists in the

coincidence of free judgments, after due examination. But

far the greater number of those who have assented to the

philosophy of Aristotle have addicted themselves thereto from

prejudgment and upon the authority of others; so that it is

a following and going along together, rather than consent.

But even if it had been a real and widespread consent, still so

little ought consent to be deemed a sure and solid confirma-

tion, that it is in fact a strong presumption the other way.
For the worst of all auguries is from consent in matters intel-

lectual (divinity excepted, and politics where there is right
of vote). For nothing pleases the many unless it strikes the

imagination, or binds the understanding with the bands of

common notions, as I have already said. We may very well

transfer therefore from moral to intellectual matters, the

saying of Phocion, that if the multitude assent and applaud
men ought immediately to examine themselves as to what
blunder or fault they may have committed. This sign there-

fore is one of the most unfavorable. And so much for this

point; namely, that the signs of truth and soundness in the

received systems and sciences are not good; whether they be

drawn from their origin, or from their fruits, or from their

progress, or from the confessions of their founders, or from

general consent.

LXXVIII

I now come to the causes of these errors, and of so long a

continuance in them through so many ages; which are very

many and very potent; that all wonder how these considera-

tions which I bring forward should have escaped men's notice

till now, may cease; and the only wonder be, how now at

last they should have entered into any man's head and become
the subject of his thoughts; which truly I myself esteem as

the result of some happy accident, rather than of any excel-

lence of faculty in me; a birth of time rather than a birth of

wit. Now, in the first place, those so many ages, if you weigh
the case truly, shrink into a very small compass. For out of

the five and twenty centuries over which the memory and
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learning of men extends, you can hardly pick out six that

were fertile in sciences or favorable to their development.
In times no less than in regions there are wastes and deserts.

For only three revolutions and periods of learning can prop-

erly be reckoned; one among the Greeks, the second among
the Romans, and the last among us, that is to say, the nations

of Western Europe; and to each of these hardly two cen-

turies can justly be assigned. The intervening ages of the

world, in respect of any rich or flourishing growth of the

sciences, were unprosperous. For neither the Arabians nor

the schoolmen need be mentioned; who in the intermediate

times rather crushed the sciences with a multitude of treatises,

than increased their weight. And therefore the first cause

of so meager a progress in the sciences is duly and orderly
referred to the narrow limits of the time that has been fa-

vorable to them,

LXXIX

In the second place there presents itself a cause of great

weight in all ways; namely, that during those very ages in

which the wits and learning of men have flourished most, or

indeed flourished at all, the least part of their diligence was

given to natural philosophy. Yet this very philosophy it is

that ought to be esteemed the great mother of the sciences.

For all arts and all sciences, if torn from this root, though

they may be polished and shaped and made fit for use, yet

they will hardly grow. Now it is well known that after the

Christian religion was received and grew strong, by far the

greater number of the best wits applied themselves to the-

ology; that to this both the highest rewards were offered, and

helps of all kinds most abundantly supplied; and that this

devotion to theology chiefly occupied that third portion or

epoch of time among us Europeans of the West; and the

more so because about the same time both literature began
to flourish and religious controversies to spring up. In the

age before, on the other hand, during the continuance of

the second period among the Romans, the meditations and

labors of philosophers were principally employed and con-
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sumed on moral philosophy, which to the heathen was as

theology to us. Moreover in those times the greatest wits

applied themselves very generally to public affairs; the magni-
tude of the Roman empire requiring the services of a great
number of persons. Again, the age in which natural philoso-

phy was seen to flourish most among the Greeks, was but a

brief particle of time; for in early ages the Seven Wise Men,
as they were called (all except Thales) applied themselves

to morals and politics; and in later times, when Socrates had
drawn down philosophy from heaven to earth, moral phi-

losophy became more fashionable than ever, and diverted the

minds of men from the philosophy of nature.

Nay, the very period itself in which inquiries concerning
nature flourished, was by controversies and the ambitious

display of new opinions corrupted and made useless. Seeing
therefore that during those three periods natural philosophy
was in a great degree either neglected or hindered, it is no
wonder if men made but small advance in that to which they
were not attending.

LXXX

To this it may be added that natural philosophy, even

among those who have attended to it, has scarcely ever pos-

sessed, especially in these later times, a disengaged and whole

man (unless it were some monk studying in his cell, or some

gentleman in his country house), but that it has been made

merely a passage and bridge to something else. And so this

great mother of the sciences has with strange indignity been

degraded to the offices of a servant; having to attend on the

business of medicine or mathematics, and likewise to wash

and imbue youthful and unripe wits with a sort of first dye,
in order that they may be the fitter to receive another after-

wards. Meanwhile let no man look for much progress in the

sciences especially in the practical part of them unless

natural philosophy be carried on and applied to particular

sciences, and particular sciences be carried back again to

natural philosophy. For want of this, astronomy, optics, music,

a number of mechanical arts, medicine itself, nay, what one
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might more wonder at, moral and political philosophy, and

the logical sciences, altogether lack profoundness, and

merely glide along the surface and variety of things; because

after these particular sciences have been once distributed and

established, they are no more nourished by natural philoso-

phy; which might have drawn out of the true contemplation
of motions, rays, sounds, texture and configuration of bodies,

affections, and intellectual perceptions, the means of impart-

ing to them fresh strength and growth. And therefore it is

nothing strange if the sciences grow not, seeing they are

parted from their roots.

LXXXI

Again there is another great and powerful cause why the

sciences have made but little progress; which is this. It is not

possible to run a course aright when the goal itself has not

been rightly placed. Now the true and lawful goal of the

sciences is none other than this: that human life be endowed
with new discoveries and powers. But of this the great

majority have no feeling, but are merely hireling and profes-

sorial; except when it occasionally happens that some work-

man of acuter wit and covetous of honor applies himself to

a new invention; which he mostly does at the expense of his

fortunes. But in general, so far are men from proposing to

themselves to augment the mass of arts and sciences, that

from the mass already at hand they neither take nor look for

anything more than what they may turn to use in their lec-

tures, or to gain, or to reputation, or to some similar advan-

tage. And if any one out of all the multitude court science

with honest affection and for her own sake, yet even with

him the object will be found to be rather the variety of

contemplations and doctrines than the severe and rigid search

after truth. And if by chance there be one who seeks after

truth in earnest, yet even he will propose to himself such a

kind of truth as shall yield satisfaction to the mind and under-

standing in rendering causes for things long since discovered,

and not the truth which shall lead to new assurance of works

and new light of axioms. If then the end of the sciences has
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not yet been well placed, it is not strange that men have erred

as to the means.

LXXXII

And as men have misplaced the end and goal of the sci-

ences; so again, even if they had placed it right, yet they have

chosen a way to it which is altogether erroneous and im-

passable. And an astonishing thing it is to one who rightly
considers the matter, that no mortal should have seriously

applied himself to the opening and laying out of a road for

the human understanding direct from the sense, by a course

of experiment orderly conducted and well built up; but that

all has been left either to the mist of tradition, or the whirl

and eddy of argument, or the fluctuations and mazes of

chance and of vague and ill-digested experience. Now let

any man soberly and diligently consider what the way is by
which men hare been accustomed to proceed in the investi-

gation and discovery of things; and in the first place he will

no doubt remark a method of discovery very simple and in-

artificial; which is the most ordinary method, and is no more
than this. When a man addresses himself to discover some-

thing, he first seeks out and sets before him all that has been

said about it by others; then he begins to meditate for him-

self; and so by much agitation and working of the wit solicits

and as it were evokes his own spirit to give him oracles:

which method has no foundation at all, but rests only upon
opinions and is carried about with them.

Another may perhaps call in logic to discover it for him;
but that has no relation to the matter except in name. For

logical invention does not discover principles and chief

axioms, of which arts are composed, but only such things as

appear to be consistent with them. For if you grow more
curious and importunate and busy, and question her of pro-
bations and invention of principles or primary axioms, her

answer is well known: she refers you to the faith you are

bound to give to the principles of each separate art.

There remains simple experience; which, if taken as it

comes, is called accident; if sought for, experiment. But this
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kind of experience is no better than a broom without its

band, as the saying is; a mere groping, as of men in the

dark, that feel all round them for the chance of finding their

way; when they had much better wait for daylight, or light

a candle, and then go. But the true method of experience on

the contrary first lights the candle, and then by means of the

candle shows the way; commencing as it does with experience

duly ordered and digested, not bungling or erratic, and from

it educing axioms, and from established axioms again new

experiments; even as it was not without order and method
that the divine word operated on the created mass. Let men
therefore cease to wonder that the course of science is not

yet wholly run, seeing that they have gone altogether astray;

either leaving and abandoning experience entirely, or losing

their way in it and wandering round and round as in a

labyrinth; whereas a method rightly ordered leads by an

unbroken route through the woods of experience to the open

ground of axioms.

LXXXIII

This evil however has been strangely increased by an opin-
ion or conceit, which though of long standing is vain and

hurtful; namely, that the dignity of the human mind is im-

paired by long and close intercourse with experiments and

particulars, subject to sense and bound in matter; especially
as they are laborious to search, ignoble to meditate, harsh to

deliver, illiberal to practice, infinite in number, and minute

in subtlety. So that it has come at length to this, that the true

way is not merely deserted, but shut out and stopped up;

experience being, I do not say abandoned or badly managed,
but rejected with disdain.

LXXXIV

Again, men have been kept back as by a kind of enchant-

ment from progress in the sciences by reverence for antiquity,

by the authority of men accounted great in philosophy, and

then by general consent. Of the last I have spoken above.

As for antiquity, the opinion touching it which men enter-
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tain is quite a negligent one, and scarcely consonant with the

word itself. For the old age of the world is to be accounted

the true antiquity; and this is the attribute of our own times,

not of that earlier age of the world in which the ancients

lived; and which, though in respect of us it was the elder,

yet in respect of the world it was the younger. And truly as

we look for greater knowledge of human things and a riper

judgment in the old man than in the young, because of his

experience and of the number and variety of the things which
he has seen and heard and thought of; so in like manner from
our age, if it but knew its own strength and chose to essay
and exert it, much more might fairly be expected than from
the ancient times, inasmuch as it is a more advanced age of

the world, and stored and stocked with infinite experiments
and observations.

Nor must it go for nothing that by the distant voyages and

travels which have become frequent in our times, many things
in nature have been laid open and discovered which may let

in new light upon philosophy. And surely t would be dis-

graceful if, while the regions of the material globe, that is,

of the earth, of the sea, and of the stars, have been in our

times laid widely open and revealed, the intellectual globe
should remain shut up within the narrow limits of old dis-

coveries.

And with regard to authority, it shows a feeble mind to

grant so much to authors and yet deny time his rights, who
is the author of authors, nay rather of all authority. For

rightly is truth called the daughter of time, not of authority.
It is no wonder therefore if those enchantments of antiquity
and authority and consent have so bound up men's powers
that they have been made impotent (like persons bewitched)
to accompany with the nature of things.

LXXXV

Nor is it only the admiration of antiquity, authority, and

consent, that has forced the industry of man to rest satisfied

with the discoveries already made; but also an admiration

for the works themselves of which the human race has long
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been in possession. For when a man looks at the variety and

the beauty of the provision which the mechanical arts have

brought together for men's use, he will certainly be more
inclined to admire the wealth of man than to feel his wants:

not considering that the original observations and operations
of nature (which are the life and moving principle of all that

variety) are not many nor deeply fetched, and that the rest

is but patience, and the subtle and ruled motion of the hand

and instruments;- -as the making of clocks (for instance) is

certainly a subtle and exact work: their wheels seem to imi-

tate the celestial orbs, and their alternating and orderly mo-

tion, the pulse or' animals: and yet all this depends on one or

two axioms of nature.

Again, if you observe the refinement of the liberal arts, or

even that which relates to the mechanical preparation of

natural substances; and take notice of such things as the dis-

covery in astronomy of the motions of the heavens, of har-

mony in music, of the letters of the alphabet (to this day not

in use among the Chinese) in grammar: or again in things

mechanical, the discovery of the works of Bacchus and Ceres

that is, of the arts of preparing wine and beer, and of

making bread; the discovery once more of the delicacies of

the table, of distillations and the like; and if you likewise

bear in mind the 'ong periods which it has taken to bring
these things to their present degree of perfection (for they
are all ancient except distillation), and again (as has been

said of clocks) how little they owe to observations and

axioms of nature, and how easily and obviously and as it

were by casual suggestion they may have been discovered;

you will easily cease from wondering, and on the contrary
will pity the condition of mankind, seeing that in a course of

so many ages there has been so great a dearth and barrenness

of arts and inventions. And yet these very discoveries which

we have just mentioned, are older than philosophy and intel-

lectual arts. So that, if the truth must be spoken, when the

rational and dogmatical sciences began the discovery of useful

works came to an end.

And again, if a man turn from the workshop to the library,
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and wonder at the immense variety of books he sees there,

let him but examine and diligently inspect their matter and

contents, and his wonder will assuredly be turned the other

way; for after observing their endless repetitions, and how
men are ever saying and doing what has been said and done

before, he will pass from admiration of the variety to aston-

ishment at the poverty and scantiness of the subjects which
till now have occupied and possessed the minds of men.

And if again he descend to the consideration of those arts

which are deemed curious rather than safe, and look more

closely into the works of the alchemists or the magicians, he

will be in doubt perhaps whether he ought rather to laugh
over them or to weep. For the alchemist nurses eternal hope,
and when the thing fails, lays the blame upon some error of

his own; fearing either that he has not sufficiently understood

the words of his art or of his authors (whereupon he turns

to tradition and auricular whispers), or else that in his ma-

nipulations he has made some slip of a scruple in weight or a

moment in time (whereupon he repeats his trials to infinity);

and when meanwhile among the chances of experiment he

lights upon some conclusions either in aspect new or for

utility not contemptible, he takes these for earnest of what
is to come, and feeds his mind upon them, and magnifies them

to the most, and supplies the rest in hope. Not but that al-

chemists have made a good many discoveries, and presented
men with useful inventions. But their case may be well com-

pared to the fable of the old man, who bequeathed to his sons

gold buried in a vineyard, pretending not to know the exact

spot; whereupon the sons applied themselves diligently to

the digging of the vineyard and though no gold was found

there, yet the vintage by that digging was made more

plentiful.

Again the students of natural magic, who explain every-

thing by sympathies and antipathies, have in their idle and

most slothful conjectures ascribed to substances wonderful

virtues and operations; and if ever they have produced works,

they have been such as aim rather at admiration and novelty
than at utility and fruit.
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In superstitious magic on the other hand (if of this also we
must speak), it is especially to be observed that they are but

subjects of a certain and definite kind wherein the curious and

superstitious arts, in all nations and ages, and religions also,

have worked or played. These therefore we may pass. Mean-
while it is nowise strange if opinion of plenty has been the

cause of want.

LXXXVI

Further, this admiration of men for knowledges and arts,

an admiration in itself weak enough, and well-nigh child-

ish, has been increased by the craft and artifices of those

who have handled and transmitted sciences. For they set them
forth with such ambition and parade, and bring them into the

view of the world so fashioned and masked, as if they were

complete in all parts and finished. For if you look at the

method of them and the divisions, they seem to embrace and

comprise everything which can belong to the subject. And

although these divisions are ill filled out and are but as empty
cases, still to the common mind they present the form and

plan of a perfect science. But the first and most ancient seek-

ers after truth were wont, with better faith and better for-

tune too, to throw the knowledge which they gathered from

the contemplation of things, and which they meant to store

up for use, into aphorisms; that is, into short and scattered

sentences, not linked together by an artificial method; and

did not pretend or profess to embrace the entire art. But as

the matter now is, it is nothing strange if men do not seek to

advance in things delivered to them as long since perfect and

complete.

LXXXVII

Moreover the ancient systems have received no slight acces-

sion of reputation and credit from the vanity and levity of

those who have propounded new ones; especially in the active

and practical department of natural philosophy. For there

have not been wanting talkers and dreamers who, partly from

credulity, partly in imposture, have loaded mankind with
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promises, offering and announcing the prolongation of life,

the retardation of age, the alleviation of pain, the repairing
of natural defects, the deceiving of the senses; arts of binding
and inciting the affections, of illuminating and exalting the

intellectual faculties, of transmuting substances, of strengthen-

ing and multiplying motions at will, of making impressions
and alterations in the air, of bringing down and procuring
celestial influences; arts of divining things future, and bring-

ing things distant near, and revealing things secret; and many
more. But with regard to these lavish promisers, this judg-
ment would not be far amiss; that there is as much difference

in philosophy between their vanities and true arts, as there is

in history between the exploits of Julius Caesar or Alexander

the Great, and the exploits of Amadis of Gaul or Arthur of

Britain. For it is true that those illustrious generals really did

greater things than these shadowy heroes are even feigned
to have done; but they did them by means and ways of action

not fabulous or monstrous. Yet surely it is not fair that the

credit of true history should be lessened because it has some-

times been injured and wronged by fables. Meanwhile it is

not to be wondered at, if a great prejudice is raised against
new propositions, especially when works are also mentioned,

because of those impostors who have attempted the like; since

their excess of vanity, and the disgust it has bred, have their

effect still in the destruction of all greatness of mind in enter-

prises of this kind.

LXXXVIII

Far more however has knowledge suffered from littleness

of spirit
and the smallness and slightness of the tasks which

human industry has proposed to itself. And what is worst of

all, this very littleness of spirit comes with a certain air of ar-

rogance and superiority.
For in the first place there is found in all arts one general

device, which has now become familiar, that the author kys
the weakness of his art to the charge of nature: whatever his

art cannot attain he sets down on the authority of the same

art to be in nature impossible. And truly no art can be con-
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demned if it be judge itself. Moreover the philosophy which

is now in vogue embraces and cherishes certain tenets, the

purpose of which (if it be diligently examined) is to persuade
men that nothing difficult, nothing by which nature may be

commanded and subdued, can be expected from art or human

labor; as with respect to the doctrine that the heat of the sun

and of fire differ in kind, and to that other concerning mix-

ture, has been already observed. Which things, if they be

noted accurately, tend wholly to the unfair circumscription
of human power, and to a deliberate and factitious despair;
which not only disturbs the auguries of hope, but also cuts

the sinews and spur of industry, and throws away the chances

of experience itself; and all for the sake of having their art

thought perfect, and for the miserable vainglory of making
it believed that whatever has not yet been discovered and

comprehended can never be discovered or comprehended
hereafter.

And even if a man apply himself fairly to facts, and en-

deavor to find out something new, yet he will confine his

aim and intention to the investigation and working out of

some one discovery and no more; such as the nature of the

magnet, the ebb and flow of the sea, the system of the heav-

ens, and things of this kind, which seem to be in some measure

secret, and have hitherto been handled without much success.

Whereas it is most unskillful to investigate the nature of any

thing in the thing itself; seeing that the same nature which

appears in some things to be latent and hidden is in others

manifest and palpable; wherefore in the former it produces
wonder, in the latter excites no attention; as we find it in the

nature of consistency, which in wood or stone is not ob-

served, but is passed over under the appellation of solidity,

without further inquiry as to why separation or solution of

continuity is avoided; while in the case of bubbles, which

form themselves into certain pellicles, curiously shaped into

hemispheres, so that the solution of continuity is avoided for

a moment, it is thought a subtle matter. In fact what in some

things is accounted a secret has in others a manifest and well-

known nature, which will never be recognized as long as the
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experiments and thoughts of men are engaged on the former

only.
But generally speaking, in mechanics old discoveries pass

for new, if a man does but refine or embellish them, or unite

several in one, or couple them better with their use, or make
the work in greater or less volume than it was before, or the

like.

Thus then it is no wonder if noble inventions and worthy
of mankind have not been brought to light, when men have

been contented and delighted with such trifling and puerile

tasks, and have even fancied that in them they have been en-

deavoring after, if not accomplishing, some great matter.

LXXXIX

Neither is it to be forgotten that in every age natural phi-

losophy has had a troublesome adversary and hard to deal

with; namely, superstition, and the blind and immoderate zeal

of religion. For we see among the Greeks that those who first

proposed to men's then uninitiated ears the natural causes for

thunder and for storms, were thereupon found guilty of im-

piety. Nor was much more forbearance shown by some of the

ancient fathers of the Christian church to those who on most

convincing grounds (such as no one in his senses would now
think of contradicting) maintained that the earth was round,

and of consequence asserted the existence of the antipodes.

Moreover, as things now are, to discourse of nature is made
harder and more perilous by the summaries and systems of

the schoolmen; who having reduced theology into regular
order as well as they were able, and fashioned it into the shape
of an art, ended in incorporating the contentious and thorny

philosophy of Aristotle, more than was fit, with the body of

religion.

To the same result, though in a different way, tend the

speculations of those who have taken upon them to deduce

the truth of the Christian religion from the principles of phi-

losophers, and to confirm it by their authority; pompously

solemnizing this union of the sense and faith as a lawful mar-

riage, and entertaining men's minds with a pleasing variety
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of matter, but all the while disparaging things divine by min-

gling them with things human. Now in such mixtures of the-

ology with philosophy only the received doctrines of phi-

losophy are included; while new ones, albeit changes for the

better, are all but expelled and exterminated.

Lastly, you will find that by the simpleness of certain di-

vines, access to any philosophy, however pure, is well nigh
closed. Some are weakly afraid lest a deeper search into na-

ture should transgress the permitted limits of sober-minded-

ness; wrongfully wresting and transferring what is said in

holy writ against those who pry into sacred mysteries, to the

hidden things of nature, which are barred by no prohibition.
Others with more subtlety surmise and reflect that if second

causes are unknown everything can more readily be referred

to the divine hand and rod; a point in which they think re-

ligion greatly concerned; which is in fact nothing else but to

seek to gratify God with a lie. Others fear from past example
that movements and changes in philosophy will end in as-

saults on religion. And others again appear apprehensive that

in the investigation of nature something may be found to sub-

vert or at least shake the authority of religion, especially with

the unlearned. But these two last fears seem to me to savor

utterly of carnal wisdom; as if men in the recesses and secret

thoughts of their hearts doubted and distrusted the strength
of religion and the empire of faith over the sense, and there-

fore feared that the investigation of truth in nature might be

dangerous to them. But if the matter be truly considered, nat-

ural philosophy is after the word of God at once the surest

medicine against superstition, and the most approved nourish-

ment for faith, and therefore she is rightly given to religion

as her most faithful handmaid, since the one displays the will

of God, the other his power. For he did not err who said "Ye
err in that ye know not the Scriptures and the power of

God," thus coupling and blending in an indissoluble bond in-

formation concerning his will and meditation concerning his

power. Meanwhile it is not surprising if the growth of nat-

ural philosophy is checked, when religion, the thing which
has most power over men's minds, has by the simpleness and
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incautious zeal of certain persons been drawn to take part

against her.

xc

Again, in the customs and institutions of schools, academies,

colleges, and similar bodies destined for the abode of learned

men and the cultivation of learning, everything is found ad-

verse to the progress of science. For the lectures and exercises

there are so ordered, that to think or speculate on anything
out of the common way can hardly occur to any man. And
if one or two have the boldness to use any liberty of judg-

ment, they must undertake the task all by themselves; they
can have no advantage from the company of others. And if

they can endure this also, they will find their industry and

largeness of mind no slight hindrance to their fortune. For
the studies of men in these places are confined and as it were

imprisoned in the writings of certain authors, from whom if

any man dissent he is straightway arraigned as a turbulent

person and an innovator. But surely there is a great distinc-

tion between matters of state and the arts; for the danger
from new motion and from new light is not the same. In mat-

ters of state a change even for the better is distrusted, because

it unsettles what is established; these things resting on author-

ity, consent, fame and opinion, not on demonstration. But

arts and sciences should be like mines, where the noise of new
works and further advances is heard on every side. But though
the matter be so according to right reason, it is not so acted

on in practice; and the points above mentioned in the admin-

istration and government of learning put a severe restraint

upon the advancement of the sciences.

xci

Nay, even if that jealousy were to cease, still it is enough
to check the growth of science, that efforts and labors in this

field go unrewarded. For it does not rest with the same per-
sons to cultivate sciences and to reward them. The growth of

them comes from great wits; the prizes and rewards of them
are in the hands of the people, or of great persons, who are
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but in very few cases even moderately learned. Moreover this

kind of progress is not only unrewarded with prizes and sub-

stantial benefits; it has not even the advantage of popular

applause. For it is a greater matter than the generality of

men can take in, and is apt to be overwhelmed and extin-

guished by the gales of popular opinions. And it is nothing

strange if a thing not held in honor does not prosper.

xcn

But by far the greatest obstacle to the progress of science

and to the undertaking of new tasks and provinces therein,

is found in this that men despair and think things impossible.
For wise and serious men are wont in these matters to be al-

together distrustful; considering with themselves the ob-

scurity of nature, the shortness of life, the deceitfulness of

the senses, the weakness of the judgment, the difficulty of

experiment and the like; and so supposing that in the revolu-

tion of time and of the ages of the world the sciences have

their ebbs and flows; that at one season they grow and flour-

ish, at another wither and decay, yet in such sort that when

they have reached a certain point and condition they can ad-

vance no further. If therefore any one believes or promises

more, they think this comes of an ungoverned and unripened
mind, and that such attempts have prosperous beginnings, be-

come difficult as they go on, and end in confusion. Now since

these are thoughts which naturally present themselves to

grave men and of great judgment, we must take good heed

that we be not led away by our love for a most fair and ex-

cellent object to relax or diminish the severity of our judg-

ment; we must observe diligently what encouragement dawns

upon us and from what quarter; and, putting aside the lighter

breeze of hope, we must thoroughly sift and examine those

which promise greater steadiness and constancy. Nay, and

we must take state-prudence too into our counsels, whose
rule is to distrust, and to take the less favorable view of

human affairs. I am now therefore to speak touching hope;

especially as I am not a dealer in promises, and wish neither

to force nor to ensnare men's judgments, but to lead them by
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the hand with their good will. And though the strongest
means of inspiring hope will be to bring men to particulars;

especially to particulars digested and arranged in my Tables

of Discovery (the subject partly of the second, but much
more of the fourth part of my Instauration)^ since this is not

merely the promise of the thing but the thing itself: never-

theless that everything may be done with gentleness, I will

proceed with my plan of preparing men's minds; of which

preparation to give hope is no unimportant part. For without

it the rest tends rather to make men sad (by giving them a

worse and meaner opinion of things as they are than they now
have, and making them more fully to feel and know the un-

happiness of their own condition) than to induce any alacrity

or to whet their industry in making trial. And therefore it is

fit that I publish and set forth those conjectures of mine
which make hope in this matter reasonable: just as Columbus

did, before that wonderful voyage of his across the Atlantic,

when he gave the reasons for his conviction that new lands

and continents might be discovered besides those which were

known before; which reasons, though rejected at first, were

afterwards made good by experience, and were the causes

and beginnings of great events.

xcin

The beginning is from God: for the business which is in

hand, having the character of good so strongly impressed

upon it, appears manifestly to proceed from God, who is the

Author of Good, and the Father of Lights. Now in divine op-
erations even the smallest beginnings lead of a certainty to

their end. And as it was said of spiritual things, "The kingdom
of God cometh not with observation," so is it in all the greater
works of Divine Providence; everything glides on smoothly
and noiselessly, and the work is fairly going on before men
are aware that it has begun. Nor should the prophecy of

Daniel be forgotten, touching the last ages of the world:

"Many shall go to and fro, and knowledge shall be increased;"

clearly intimating that the thorough passage of the world

(which now by so many distant voyages seems to be accom-
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plished, or in course of accomplishment), and the advance-

ment of the sciences, are destined by fate, that is, by Divine

Providence, to meet in the same age.

xciv

Next comes a consideration of the greatest importance as

an argument of hope; I mean that drawn from the errors of

past time, and of the ways hitherto trodden. For most excel-

lent was the censure once passed upon a government that

had been unwisely administered. "That which is the worst

thing in reference to the past, ought to be regarded as best for

the future. For if you had done all that your duty demanded,
and yet your affairs were no better, you would not have even

a hope left you that further improvement is possible. But

now, when your misfortunes are owing, not to the force of

circumstances, but to your own errors, you may hope that by
dismissing or correcting these errors, a great change may be

made for the better." In like manner, if during so long a

course of years men had kept the true road for discovering
and cultivating sciences, and had yet been unable to make
further progress therein, bold doubtless and rash would be

the opinion that further progress is possible. But if the road

itself has been mistaken, and men's labor spent on unfit ob-

jects, it follows that the difficulty has its rise not in things

themselves, which are not in our power, but in the human

understanding, and the use and application thereof, which

admits of remedy and medicine. It will be of great use there-

fore to set forth what these errors are; for as many impedi-
ments as there have been in times past from this cause, so

many arguments are there of hope for the time to come. And

although they have been partly touched before, I think fit

here also, in plain and simple words, to represent them.

xcv

Those who have handled sciences have been either men of

experiment or men of dogmas. The men of experiment are

like the ant; they only collect and use: the reasoners resemble

spiders, who make cobwebs out of their own substance. But
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the bee takes a middle course, it gathers its material from the

flowers of the garden and of the field, but transforms and di-

gests it by a power of its own. Not unlike this is the true busi-

ness of philosophy: for it neither relies solely or chiefly on

the powers of the mind, nor does it take the matter which it

gathers from natural history and mechanical experiments and

lay it up in the memory whole, as it finds it; but lays it up in

the understanding altered and digested. Therefore from a

closer and purer league between these two faculties, the ex-

perimental and the rational, (such as has never yet been

made) much may be hoped.

xcvi

We have as yet no natural philosophy that is pure; all is

tainted and corrupted: in Aristotle's school by logic; in Plato's

by natural theology; in the second school of Platonists, such

as Proclus and others, by mathematics, which ought only to

give definiteness to natural philosophy, not to generate or

give it birth. From a natural philosophy pure and unmixed,
better things are to be expected.

XCVII

No one has yet been found so firm of mind and purpose as

resolutely to compel himself to sweep away all theories and

common notions, and to apply the understanding, thus made
fair and even, to a fresh examination of particulars. Thus it

happens that human knowledge, as we have it, is a mere med-

ley and ill-digested mass, made up of much credulity and

much accident, and also of the childish notions which we at

first imbibed.

Now if anyone of ripe age, unimpaired senses, and well-

purged mind, apply himself anew to experience and particu-

lars, better hopes may be entertained of that man. In which

point I promise to myself a like fortune to that of Alexander

the Great; and let no man tax me with vanity till he have

heard the end; for the thing which I mean tends to the put-

ting off of all vanity. For of Alexander and his deeds Aes-
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chines spake thus: "Assuredly we do not live the life of

mortal men; but to this end were we born, that in after ages
wonders might be told of us;" as if what Alexander had done

seemed to him miraculous. But in the next age Titus Livius

took a better and a deeper view of the matter, saying in effect,

that Alexander "had done no more than take courage to de-

spise vain apprehensions." And a like judgment I suppose may
be passed on myself in future ages: that I did no great things,
but simply made less account of things that were accounted

great. In the meanwhile, as I have already said, there is no

hope except in a new birth of science; that is, in raising it

regularly up from experience and building it afresh; which

no one (I think) will say has yet been done or thought of.

XCVIII

Now for grounds of experience since to experience we
must come we have as yet had either none or very weak

ones; no search has been made to collect a store of particular
observations sufficient either in number, or in kind, or in

certainty, to inform the understanding, or in any way ade-

quate. On the contrary, men of learning, but easy withal and

idle, have taken for the construction or for the confirmation

of their philosophy certain rumors and vague fames or airs

of experience, and allowed to these the weight of lawful evi-

dence. And just as if some kingdom or state were to direct its

counsels and affairs, not by letters and reports from ambassa-

dors and trustworthy messengers, but by the gossip of the

streets; such exactly is the system of management introduced

into philosophy with relation to experience. Nothing duly

investigated, nothing verified, nothing counted, weighed, or

measured, is to be found in natural history: and what in ob-

servation is loose and vague, is in information deceptive and

treacherous. And if anyone thinks that this is a strange thing
to say, and something like an unjust complaint, seeing that

Aristotle, himself so great a man, and supported by the wealth

of so great a king, has composed so accurate a history of ani-

mals; and that others with greater diligence, though less pre-

tense, have made many additions; while others, again, have



NOVUM ORGANUM 13!

compiled copious histories and descriptions of metals, plants,
and fossils; it seems that he does not rightly apprehend what
it is that we are now about. For a natural history which is

composed for its own sake is not like one that is collected to

supply the understanding with information for the building

up of philosophy. They differ in many ways, but especially in

this; that the former contains the variety of natural species

only, and not experiments of the mechanical arts. For even

as in the business of life a man's disposition and the secret

workings of his mind and affections are better discovered

when he is in trouble than at other times; so likewise the se-

crets of nature reveal themselves more readily under the vexa-

tions of art than when they go their own way. Good hopes

may therefore be conceived of natural philosophy, when nat-

ural history, which is the basis and foundation of it, has been

drawn up on a better plan; but not till then.

xcix

Again, even in the great plenty of mechanical experiments,
there is yet a great scarcity of those which are of most use

for the information of the understanding. For the mechanic,
not troubling himself with the investigation of truth, confines

his attention to those things which bear upon his particular

work, and will not either raise his mind or stretch out his

hand for anything else. But then only will there be good

ground of hope for the further advance of knowledge, when
there shall be received and gathered together into natural his-

tory a variety of experiments, which are of no use in them-

selves, but simply serve to discover causes and axioms; which

I call experimenta lucifera, experiments of light) to distin-

guish them from those which I call fructifera, experiments of

fruit.

Now experiments of this kind have one admirable property
and condition; they never miss or fail. For since they are ap-

plied, not for the purpose of producing any particular effect,

but only of discovering the natural cause of some effect, they
answer the end equally well whichever way they turn out;

for they settle the question.
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C

But not only is a greater abundance of experiments to be

sought for and procured, and that too of a different kind from

those hitherto tried; an entirely different method, order, and

process for carrying on and advancing experience must also

be introduced. For experience, when it wanders in its own

track, is, as I have already remarked, mere groping in the

dark, and confounds men rather than instructs them. But

when it shall proceed in accordance with a fixed law, in regu-
lar order, and without interruption, then may better things
be hoped of knowledge.

ci

But even after such a store of natural history and experience
as is required for the work of the understanding, or of phi-

losophy, shall be ready at hand, still the understanding is by
no means competent to deal with it offhand and by memory
alone; no more than if a man should hope by force of mem-

ory to retain and make himself master of the computation of

an ephemeris. And yet hitherto more has been done in matter

of invention by thinking than by writing; and experience has

not yet learned her letters. Now no course of invention can

be satisfactory unless it be carried on in writing. But when
this is brought into use, and experience has been taught to

read and write, better things may be hoped.

en

Moreover, since there is so great a number and army of

particulars, and that army so scattered and dispersed as to

distract and confound the understanding, little is to be hoped
for from the skirmishings and slight attacks and desultory
movements of the intellect, unless all the particulars which

pertain to the subject of inquiry shall, by means of Tables

of Discovery, apt, well arranged, and as it were animate, be

drawn up and marshaled; and the mind be set to work upon
the helps duly prepared and digested which these tables

supply.
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cm

But after this store of particulars has been set out duly and

in order before our eyes, we are not to pass at once to the

investigation and discovery of new particulars or works; or

at any rate if we do so we must not stop there. For although
I do not deny that when all the experiments of all the arts

shall have been collected and digested, and brought within

one man's knowledge and judgment, the mere transferring
of the experiments of one art to others may lead, by means

of that experience which I term literate, to the discovery of

many new things of service to the life and state of man; yet
it is no great matter that can be hoped from that: but from

the new light of axioms, which having been educed from
those particulars by a certain method and rule, shall in their

turn point out the way again to new particulars, greater things

may be looked for. For our road does not lie on a level, but

ascends and descends; first ascending to axioms, then de-

scending to works.

civ

The understanding must not however be allowed to jump
and fly from particulars to remote axioms and of almost the

highest generality (such as the first principles, as they are

called, of arts and things), and taking stand upon them as

truths that cannot be shaken, proceed to prove and frame

the middle axioms by reference to them: which has been the

practice hitherto; the understanding being not only carried

that way by a natural impulse, but also by the use of syllo-

gistic demonstration trained and inured to it. But then, and

then only, may we hope well of the sciences, when in a just

scale of ascent, and by successive steps not interrupted or

broken, we rise from particulars to lesser axioms; and then

to middle axioms, one above the other; and last of all to the

most general. For the lowest axioms differ but slightly from

bare experience, while the highest and most general (which
we now have) are notional and abstract and without solidity.

But the middle are the true and solid and living axioms, on
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which depend the affairs and fortunes of men; and above

them again, last of all, those which are indeed the most gen-

eral, such I mean as are not abstract, but of which those in-

termediate axioms are really limitations.

The understanding must not therefore be supplied with

wings, but rather hung with weights, to keep it from leaping
and flying. Now this has never yet been done; when it is done,

we may entertain better hopes of the sciences.

cv

In establishing axioms, another form of induction must be

devised than has hitherto been employed; and it must be

used for proving and discovering not first principles (as they
are called) only, but also the lesser axioms, and the middle,

and indeed all. For the induction which proceeds by simple
enumeration is childish; its conclusions are precarious, and

exposed to peril from a contradictory instance; and it gen-

erally decides on too small a number of facts, and on those

only which are at hand. But the induction which is to be avail-

able for the discovery and demonstration of sciences and arts,

must analyze nature by proper rejections and exclusions; and

then, after a sufficient number of negatives, come to a con-

clusion on the affirmative instances: which has not yet been

done or even attempted, save only by Plato, who does indeed

employ this form of induction to a certain extent for the pur-

pose of discussing definitions and ideas. But in order to furnish

this induction or demonstration well and duly for its work,

very many things are to be provided which no mortal has yet

thought of; insomuch that greater labor will have to be spent
in it than has hitherto been spent on the syllogism. And this

induction must be used not only to discover axioms, but also

in the formation of notions. And it is in this induction that

our chief hope lies.

cvi

But in establishing axioms by this kind of induction, we
must also examine and try whether the axiom so established

be framed to the measure of those particulars only from
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which it is derived, or whether it be larger and wider. And if

it be larger and wider, we must observe whether by indicating
to us new particulars it confirm that wideness and largeness
as by a collateral security: that we may not either stick fast

in things already known, or loosely grasp at shadows and ab-

stract forms; not at things solid and realized in matter. And
when this process shall have come into use, then at last shall

we see the dawn of a solid hope.

cvn

And here also should be remembered what was said above

concerning the extending of the range of natural philosophy
to take in the particular sciences, and the referring or bring-

ing back of the particular sciences to natural philosophy; that

the branches of knowledge may not be severed and cut off

from the stem. For without this the hope of progress will not

be so good.

cvni

So much then for the removing of despair and the raising

of hope through the dismissal or rectification of the errors of

past time. We must now see what else there is to ground hope

upon. And this consideration occurs at once that if many
useful discoveries have been made by accident or upon occa-

sion, when men were not seeking for them but were busy
about other things; no one can doubt but that when they

apply themselves to seek and make this their business, and

that too by method and in order and not by desultory im-

pulses, they will discover far more. For although it may hap-

pen once or twice that a man shall stumble on a thing by acci-

dent which, when taking great pains to search for it, he could

not find; yet upon the whole it unquestionably falls out the

other way. And therefore far better things, and more of

them, and at shorter intervals, are to be expected from man's

reason and industry and direction and fixed application, than

from accident and animal instinct and the like, in which in-

ventions have hitherto had their origin.
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C1X

Another argument of hope may be drawn from this that

some of the inventions already known are such as before

they were discovered it could hardly have entered any man's

head to think of; they would have been simply set aside as

impossible. For in conjecturing what may be men set before

them the example of what has been, and divine of the new
with an imagination preoccupied and colored by the old;

which way of forming opinions is very fallacious; for streams

that are drawn from the springheads of nature do not always
run in the old channels.

If, for instance, before the invention of ordnance, a man
had described the thing by its effects, and said that there was
a new invention, by means of which the strongest towers and

walls could be shaken and thrown down at a great distance;

men would doubtless have begun to think over all the ways
of multiplying the force of catapults and mechanical engines

by weights and wheels and such machinery for ramming
and projecting: but the notion of a fiery blast suddenly and

violently expanding and exploding would hardly have entered

into any man's imagination or fancy; being a thing to which

nothing immediately analogous had been seen, except per-

haps in an earthquake or in lightning, which as ?nagnalia or

marvels of nature, and by man not imitable, would have been

immediately rejected.
In the same way, if before the discovery of silk, anyone

had said that there was a kind of thread discovered for the

purposes of dress and furniture, which far surpassed the

thread of linen or of wool in fineness and at the same time in

strength, and also in beauty and softness; men would have

begun immediately to think of some silky kind of vegetable,

or of the finer hair of some animal, or of the feathers and

down of birds; but of a web woven by a tiny worm, and that

in such abundance, and renewing itself yearly, they would

assuredly never have thought. Nay, if anyone had said any-

thing about a worm, he would no doubt have been laughed at

as dreaming of a new kind of cobwebs.
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So again, if before the discovery of the magnet, any one

had said that a certain instrument had been invented by
means of which the quarters and points of the heavens could

be taken and distinguished with exactness; men would have

been carried by their imagination to a variety of conjectures

concerning the more exquisite construction of astronomical

instruments; but that anything could be discovered agreeing
so well in its movements with the heavenly bodies, and yet
not a heavenly body itself, but simply a substance of metal or

stone, would have been judged altogether incredible. Yet

these things and others like them lay for so many ages of the

world concealed from men, nor was it by philosophy or the

rational arts that they were found out at last, but by accident

and occasion: being indeed, as I said, altogether different in

kind and as remote as possible from anything that was known

before; so that no preconceived notion could possibly have

led to the discovery of them.

There is therefore much ground for hoping that there are

still laid up in the womb of nature many secrets of excellent

use, having no affinity or parallelism with anything that is

now known, but lying entirely out of the beat of the imagina-

tion, which have not yet been found out. They too no doubt

will some time or other, in the course and revolution of many
ages, come to light of themselves, just as the others did; only

by the method of which we are now treating they can be

speedily and suddenly and simultaneously presented and an-

ticipated.

ex

But we have also discoveries to show of another kind, which

prove that noble inventions may be lying at our very feet, and

yet mankind may step over without seeing them. For how-
ever the discovery of gunpowder, of silk, of the magnet, of

sugar, of paper, or the like, may seem to depend on certain

properties of things themselves and nature, there is at any rate

nothing in the art of printing which is not plain and obvious.

Nevertheless for want of observing that although it is more
difficult to arrange types of. letters than to write letters by
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the motion of the hand, there is yet this difference between

the two, that types once arranged serve for innumerable im-

pressions, but letters written with the hand for a single copy

only; or perhaps again for want of observing that ink can be

so thickened as to color without running (particularly when
the letters face upwards and the impression is made from

above) for want, I say, of observing these things, men went
for so many ages without this most beautiful discovery, which

is of so much service in the propagation of knowledge.
But such is the infelicity and unhappy disposition of the

human mind in this course of invention, that it first distrusts

and then despises itself: first will not believe that any such

thing can be found out; and when it is found out, cannot un-

derstand how the world should have missed it so long. And
this very thing may be justly taken as an argument of hope;

namely, that there is a great mass of inventions still remain-

ing, which not only by means of operations that are yet to

be discovered, but also through the transferring, comparing,
and applying of those already known, by the help of that

learned experience of which I spoke, may be deduced and

brought to light.

CXI

There is another ground of hope that must not be omitted.

Let men but think over their infinite expenditure of under-

standing, time, and means on matters and pursuits of far less

use and value; whereof if but a small part were directed to

sound and solid studies, there is no difficulty that might not

be overcome. This I thought good to add, because I plainly
confess that a collection of history natural and experimental,
such as I conceive it and as it ought to be, is a great, I may say
a royal work, and of much labor and expense.

cxn

Meantime, let no man be alarmed at the multitude of par-
ticulars, but let this rather encourage him to hope. For the

particular phenomena of art and nature are but a handful to

the inventions of the wit, when disjoined and separated from
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the evidence of things. Moreover this road has an issue in the

open ground and not far off; the other has no issue at all, but

endless entanglement. For men hitherto have made but short

stay with experience, but passing her lightly by, have wasted

an infinity of time on meditations and glosses of the wit. But
if someone were by that could answer our questions and tell

us in each case what the fact in nature is, the discovery of

all causes and sciences would be but the work of a few years.

CXIII

Moreover I think that men may take some hope from my
own example. And this I say not by way of boasting, but

because it is useful to say it. If there be any that despond, let

them look at me, that being of all men .of my time the most

busied in affairs of state, and a man of health not very strong

(whereby much time is lost), and in this course altogether a

pioneer, following in no man's track, nor sharing these coun-

sels with anyone, have nevertheless by resolutely entering on

the true road, and submitting my mind to things, advanced

these matters, as I suppose, some little way. And then let them
consider what may be expected (after the way has been thus

indicated) from men abounding in leisure, and from associa-

tion of labors, and from successions of ages: the rather be-

cause it is not a way over which only one man can pass at a

time (as is the case with that of reasoning), but one in which

the labors and industries of men (especially as regards the

collecting of experience) may with the best effect be first

distributed and then combined. For then only will men begin
to know their strength, when instead of great numbers doing
all the same things, one shall take charge of one thing and

another of another.

cxrv

Lastly, even if the breath of hope which blows on us from

that new continent were fainter than it is and harder to per-

ceive; yet the trial (if we would not bear a spirit altogether

abject) must by all means be made. For there is no compari-
son between that which we.may lose by not trying and by
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not succeeding; since by not trying we throw away the

chance of an immense good; by not succeeding we only in-

cur the loss of a little human labor. But as it is, it appears to

me from what has been said, and also from what has been left

unsaid, that there is hope enough and to spare, not only to

make a bold man try, but also to make a sober-minded and

wise man believe.

cxv

Concerning the grounds then for putting away despair,
which has been one of the most powerful causes of delay and

hindrance to the progress of knowledge, I have now spoken.
And this also concludes what I had to say touching the signs

and causes of the errors, sluggishness, and ignorance which
have prevailed; especially since the more subtle causes, which

do not fall under popular judgment and observation, must be

referred to what has been said on the idols of the human
mind.

And here likewise should close that part of my Instauration,

which is devoted to pulling down: which part is performed

by three refutations; first, by the refutation of the natural

human reason, left to itself; secondly, by the refutation of the

demonstrations; and thirdly, by the refutation of the theories,

or the received systems of philosophy and doctrine. And the

refutation of these has been such, as alone it could be; that

is to say, by signs and the evidence of causes; since no other

kind of confutation was open to me, differing as I do from
others both on first principles and on rules of demonstration.

It is time therefore to proceed to the art itself and rule of

interpreting nature; still however there remains something to

be premised. For whereas in this first book of aphorisms I

proposed to prepare men's minds as well for understanding as

for receiving what is to follow; now that I have purged and

swept and leveled the floor of the mind, it remains that I place
the mind in a good position and as it were in a favorable

aspect towards what I have to lay before it. For in a new mat-

ter, it is not only the strong preoccupation of some old opin-
ion that tends to create a prejudice, but also a false precon-

ception or prefiguration of the new thing which is presented.
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I will endeavor therefore to impart sound and true opinions
as to the things I propose, although they are to serve only
for the time and by way of interest (so to speak), till the

thing itself, which is the principal, be fully known.

cxvi

First, then, I must request men not to suppose that after

the fashion of ancient Greeks, and of certain moderns, as

Telesius, Patricius, Severinus, I wish to found a new sect in

philosophy. For this is not what I am about; nor do I think

that it matters much to the fortunes of men what abstract no-

tions one may entertain concerning nature and the principles
of things; and no doubt many old theories of this kind can be
revived and many new ones introduced; just as many theories

of the heavens may be supposed, which agree well enough
with the phenomena and yet differ with each other.

But for my part I do not trouble myself with any such

speculative and withal unprofitable matters. My purpose, on
the contrary, is to try whether I cannot in very fact lay more

firmly the foundations, and extend more widely the limits,

of the power and greatness of man. And although on some

special subjects and in an incomplete form I am in possession
of results which I take to be far more true and more certain

and withal more fruitful than those now received, (and these

I have collected into the fifth part of my Instauration,) yet
I have no entire or universal theory to propound. For it does

not seem that the time is come for such an attempt. Neither

can I hope to live to complete the sixth part of the Instaura-

tion (which is destined for the philosophy discovered by the

legitimate interpretation of nature), but hold it enough if in

the intermediate business I bear myself soberly and profit-

ably, sowing in the meantime for future ages the seeds of a

purer truth, and performing my part towards the commence-
ment of the great undertaking.

cxvn

And as I do not seek to found a school, so neither do I hold

out offers or promises of particular works. It may be thought
indeed, that I who make such frequent mention of works and
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refer everything to that end, should produce some myself by
way of earnest. But my course and method, as I have often

clearly stated and would wish to state again, is this not to

extract works from works or experiments from experiments

(as an empiric), but from works and experiments to extract

causes and axioms, and again from those causes and axioms

new works and experiments, as a legitimate interpreter of

nature. And although in my tables of discovery (which com-

pose the fourth part of the Instauration), and also in the ex-

amples of particulars (which I have adduced in the second

part), and moreover in my observations on the history (which
I have drawn out in the third part), any reader of even

moderate sagacity and intelligence will everywhere observe

indications and outlines of many noble works; still I candidly
confess that the natural history which I now have, whether

collected from books or from my own investigations, is

neither sufficiently copious nor verified with sufficient accu-

racy to serve the purposes of legitimate interpretation.

Accordingly, if there be anyone more apt and better pre-

pared for mechanical pursuits, and sagacious in hunting out

works by the mere dealing with experiment, let him by all

means use his industry to gather from my history and tables

many things by the way, and apply them to the production of

works, which may serve as interest until the principal be

forthcoming. But for myself, aiming as I do at greater things,

I condemn all unseasonable and premature tarrying over such

things as these: being (as I often say) like Atalanta's balls. For

I do not run off like a child after golden apples, but stake all

on the victory of art over nature in the race; nor do I make
haste to mow down the moss or the corn in blade, but wait

for the harvest in its due season.

cxvni

There will be found no doubt, when my history and tables

of discovery are read, some things in the experiments them-

selves that are not quite certain, or perhaps that are quite

false; which may make a man think that the foundations and

principles upon which my discoveries rest are false and doubt-
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ful. But this is of no consequence; for such things must needs

happen at first. It is only like the occurrence in a written or

printed page of a letter or two mistaken or misplaced; which
does not much hinder the reader, because such errors are

easily corrected by the sense. So likewise may there occur in

my natural history many experiments which are mistaken and

falsely set down, and yet they will presently by the discovery
of causes and axioms be easily expunged and rejected. It is

nevertheless true that if the mistakes in natural history and

experiments are important, frequent, and continual, they can-

not possibly be corrected or amended by any felicity of wit

or art. And therefore, if in my natural history, which has

been collected and tested with so much diligence, severity,
and I may say religious care, there still lurk at intervals cer-

tain falsities or errors in the particulars what is to be said of

common natural history, which in comparison with mine is

so negligent and inexact? and what of the philosophy and sci-

ences built on such a sand (or rather quicksand)? Let no man
therefore trouble himself for this.

cxrx

There will be met with also in my history and experiments

many things which are trivial and commonly known; many
which are mean and low; many, lastly, which are too subtle

and merely speculative, and that seem to be of no use; which
kind of things may possibly avert and alienate men's interest.

And first for those things which seem common; let men
bear in mind that hitherto they have been accustomed to do
no more than refer and adapt the causes of things which

rarely happen to such as happen frequently; while of those

which happen frequently they never ask the cause, but take

them as they are for granted. And therefore they do not in-

vestigate the causes of weight, of the rotation of heavenly

bodies, of heat, cold, light, hardness, softness, rarity, density,

liquidity, solidity, animation, inanimation, similarity, dis-

similarity, organization, and the like; but admitting these as

self-evident and obvious, they dispute and decide on other

things of less frequent and familiar occurrence.
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But I, who am well aware that no judgment can be passed
on uncommon or remarkable things, much less anything new

brought to light, unless the causes of common things, and

the causes of those causes, be first duly examined and found

out, am of necessity compelled to admit the commonest things
into my history. Nay, in my judgment philosophy has been

hindered by nothing more than this that things of familiar

and frequent occurrence do not arrest and detain the thoughts
of men, but are received in passing without any inquiry into

their causes; insomuch that information concerning things
which are not known is not oftener wanted than attention

concerning things which are.

cxx

And for things that are mean or even filthy things which

(as Pliny says) must be introduced with an apology such

things, no less than the most splendid and costly, must be

admitted into natural history. Nor is natural history polluted

thereby; for the sun enters the sewer no less than the palace,

yet takes no pollution. And for myself, I am not raising a capi-
tol or pyramid to the pride of man, but laying a foundation in

the human understanding for a holy temple after the model
of the world. That model therefore I follow. For whatever

deserves to exist deserves also to be known, for knowledge is

the image of existence; and things mean and splendid exist

alike. Moreover as from certain putrid substances musk, for

instance, and civet the sweetest odors are sometimes gen-

erated, so too from mean and sordid instances there some-

times emanates excellent light and information. But enough
and more than enough of this; such fastidiousness being

merely childish and effeminate.

CXXI

But there is another objection which must be more care-

fully looked to: namely, that there are many things in this

history which to common apprehension, or indeed to any
understanding accustomed to the present system, will seem
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to be curiously and unprofitably subtle. Upon this point
therefore above all I must say again what I have said already

that at first and for a time I am seeking for experiments of

light, not for experiments of fruit; following therein, as I have

often said, the example of the divine creation; which on the

first day produced light only, and assigned to it alone one

entire day, nor mixed up with it on that day any material

work.

To suppose therefore that things like these are of no use

is the same as to suppose that light is of no use, because it

is not a thing solid or material. And the truth is that the

knowledge of simple natures well examined and defined is as

light; it gives entrance to all the secrets of nature's workshop,
and virtually includes and draws after it whole bands and

troops of works, and opens to us the sources of the noblest

axioms; and yet in itself it is of no great use. So also the let-

ters of the alphabet in themselves and apart have no use or

meaning, yet they are the subject-matter for the composition
and apparatus of all discourse. So again the seeds of things are

of much latent virtue, and yet of no use except in their de-

velopment. And the scattered rays of light itself, until they
are made to converge, can impart none of their benefit.

But if objection be taken to speculative subtleties, what is to

be said of the schoolmen, who have indulged in subtleties to

such excess? in subtleties too that were spent on words, or at

any rate on popular notions (which is much the same thing),
not on facts or nature; and such as were useless not only in

their origin but also in their consequences; and not like those

I speak of, useless indeed for the present, but promising infi-

nite utility hereafter. But let men be assured of this, that all

subtlety of disputation and discourse, if not applied till after

axioms are discovered, is out of season and preposterous; and

that the true and proper or at any rate the chief time for

subtlety is in weighing experience and in founding axioms

thereon; for that other subtlety, though it grasps and snatches

at nature, yet can never take hold of her. Certainly what is

said of opportunity or fortune is most true of nature; she has

a lock in front, but is bald behind.
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Lastly, concerning the disdain to receive into natural his-

tory things either common, or mean, or over-subtle and in

their original condition useless, the answer of the poor woman
to the haughty prince, who had rejected her petition as an

unworthy thing and beneath his dignity, may be taken for an

oracle, "Then leave off being king." For most certain it is

that he who will not attend to things like these, as being too

paltry and minute, can neither win the kingdom of nature nor

govern it.

CXXII

It may be thought also a strange and a harsh thing that we
should at once and with one blow set aside all sciences and

all authors; and that too without calling in any of the ancients

to our aid and support, but relying on our own strength.

And I know that if I had chosen to deal less sincerely, I

might easily have found authority for my suggestions by re-

ferring them either to the old times before the Greeks (when
natural science was perhaps more flourishing, though it made
less noise, not having yet passed into the pipes and trumpets
of the Greeks), or even, in part at least, to some of the Greeks

themselves; and so gained for them both support and honor;
as men of no family devise for themselves by the good help
of genealogies the nobility of a descent from some ancient

stock. But for my part, relying on the evidence and truth of

things, I reject all forms of fiction and imposture; nor do I

think that it matters any more to the business in hand,

whether the discoveries that shall now be made were long

ago known to the ancients, and have their settings and their

risings according to the vicissitude of things and course of

ages, than it matters to mankind whether the new world be

that island of Atlantis with which the ancients were ac-

quainted, or now discovered for the first time. For new dis-

coveries must be sought from the light of nature, not fetched

back out of the darkness of antiquity.
And as for the universality of the censure, certainly if the

matter be truly considered, such a censure is not only more

probable but more modest too, than a partial one would be.
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For if the errors had not been rooted in primary notions,

there must have been some true discoveries to correct the

false. But the errors being fundamental, and not so much of

false judgment as of inattention and oversight, it is no wonder
that men have not obtained what they have not tried for, nor

reached a mark which they never set up, nor finished a course

which they never entered on or kept.
And as for the presumption implied in it; certainly if a man

undertakes by steadiness of hand and power of eye to de-

scribe a straighter line or more perfect circle than anyone
else, he challenges a comparison of abilities; but if he only

says that he with the help of a rule or a pair of compasses can

draw a straighter line or a more perfect circle than anyone
else can by eye and hand alone, he makes no great boast. And
this remark, be it observed, applies not merely to this first and

inceptive attempt of mine, but to all that shall take the work
in hand hereafter. For my way of discovering sciences goes
far to level men's wits, and leaves but little to individual ex-

cellence; because it performs everything by the surest rules

and demonstrations. And therefore I attribute my part in all
,

this, as I have often said, rather to good luck than to ability,

and account it a birth of time rather than of wit. For cer-

tainly chance has something to do with men's thoughts, as

well as with their works and deeds.

cxxm

I may say then of myself that which one said in jest (since

it marks the distinction so truly), "It cannot be that we should

think alike, when one drinks water and the other drinks

wine." Now other men, as well in ancient as in modern times,

have in the matter of sciences drunk a crude liquor like water,

either flowing spontaneously from the understanding, or

drawn up by logic, as by wheels from a well. Whereas I

pledge mankind in liquor strained from countless grapes, from

grapes ripe and fully seasoned, collected in clusters, and gath-

ered, and then squeezed in the press, and finally purified and

clarified in the vat. And therefore it is no wonder if they and

I do not think alike.
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cxxrv

Again, it will be thought, no doubt, that the goal and mark
of knowledge which I myself set up (the very point which
I object to in others) is not the true or the best; for that the

contemplation of truth is a thing worthier and loftier than all

utility and magnitude of works; and that this long and anxious

dwelling with experience and matter and the fluctuations of

individual things, drags down the mind to earth, or rather

sinks it to a very Tartarus of turmoil and confusion; removing
and withdrawing it from the serene tranquillity of abstract

wisdom, a condition far more heavenly. Now to this I readily

assent; and indeed this which they point at as so much to be

preferred, is the very thing of all others which I am about.

For I am building in the human understanding a true model
of the world, such as it is in fact, not such as a man's own
reason would have it to be; a thing which cannot be done

without a very diligent dissection and anatomy of the world.

But I say that those foolish and apish images of world which

the fancies of men have created in philosophical systems, must

be utterly scattered to the winds. Be it known then how vast

a difference there is (as I said above) between the idols of

the human mind and the ideas of the divine. The former are

nothing more than arbitrary abstractions; the latter are the

creator's own stamp upon creation, impressed and defined in

matter by true and exquisite lines. Truth therefore and utility

are here the very same things: and works themselves are of

greater value as pledges of truth than as contributing to the

comforts of life.

cxxv

It may be thought again that I am but doing what has been

done before; that the ancients themselves took the same

course which I am now taking; and that it is likely therefore

that I too, after all this stir and striving, shall come at last

to some one of those systems which prevailed in ancient

times. For the ancients too, it will be said, provided at the

outset of their speculations a great store and abundance of

examples and particulars, digested the same into notebooks
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under heads and titles, from them completed their systems
and arts, and afterwards, when they understood the matter,

published them to the world, adding a few examples here

and there for proof and illustration; but thought it superflu-
ous and inconvenient to publish their notes and minutes and

digests of particulars; and therefore did as builders do, after

the house was built they removed the scaffolding and ladders

out of sight. And so no doubt they did. But this objection (or

scruple rather) will be easily answered by anyone who has

not quite forgotten what I have said above. For the form of

inquiry and discovery that was in use among the ancients is

by themselves professed, and appears on the very face of their

writings. And that form was simply this. From a few examples
and particulars (with the addition of common notions and

perhaps of some portion of the received opinions which have

been most popular) they flew at once to the most general

conclusions, or first principles of science: taking the truth

of these as fixed and immovable, they proceeded by means of

intermediate propositions to educe and prove from them the

inferior conclusions; and out of these they framed the art.

After that, if any new particulars and examples repugnant
to their dogmas were mooted and adduced, either they subtly
molded them into their system by distinctions or explanations
of their rules, or else coarsely got rid of them by exceptions;
while to such particulars as were not repugnant they labored

to assign causes in conformity with those their principles. But

this was not the natural history and experience that was

wanted; far from it; and besides, that flying off to the highest

generalities ruined all.

cxxvi

It will also be thought that by forbidding men to pronounce
and to set down principles as established until they have duly
arrived through the intermediate steps at the highest gener-

alities, I maintain a sort of suspension of the judgment, and

bring it to what the Greeks call Acatalepsia, a denial of the

capacity of the mind to comprehend truth. But in reality, that

which I meditate and propound is not Acatalepsia, but Eu-
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catalepsia; not denial of the capacity to understand, but pro-
vision for understanding truly; for I do not take away author-

ity from the senses, but supply them with helps; I do not

slight the understanding, but govern it. And better surely it

is that we should know all we need to know, and yet think

our knowledge imperfect, than that we should think our

knowledge perfect, and yet not know anything we need to

know.

CXXVII

It may also be asked (in the way of doubt rather than ob-

jection) whether I speak of natural philosophy only, or

whether I mean that the other sciences, logic, ethics, and poli-

tics, should be carried on by this method. Now I certainly

mean what I have said to be understood of them all; and as

the common logic, which governs by the syllogism, extends

not only to natural but to all sciences; so docs mine also,

which proceeds by induction, embrace everything. For I

form a history and tables of discovery for anger, fear, shame,
and the like; for matters political; and again for the mental

operations of memory, composition and division, judgment
and the rest; not less than for heat and cold, or light, or vege-

tation, or the like. But nevertheless since my method of in-

terpretation, after the history has been prepared and duly ar-

ranged, regards not the working and discourse of the mind

only (as the common logic does) but the nature of things

also, I supply the mind with such rules and guidance that it

may in every case apply itself aptly to the nature of things.

And therefore I deliver many and diverse precepts in the doc-

trine of Interpretation, which in some measure modify the

method of invention according to the quality and condition

of the subject of the inquiry.

cxxvm

On one point not even a doubt ought to be entertained;

namely, whether I desire to pull down and destroy the phi-

losophy and arts and sciences which are at present in use. So

far from that, I am most glad to see them used, cultivated,
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and honored. There is no reason why the arts which are now
in fashion should not continue to supply matter for disputa-
tion and ornaments for discourse, to be employed for the con-

venience of professors and men of business; to be in short like

current coin, which passes among men by consent. Nay I

frankly declare that what I am introducing will be but little

fitted for such purposes as these, since it cannot be brought
down to common apprehension, save by effects and works

only. But how sincere I am in my professions of affection and

good will towards the received sciences, my published writ-

ings, especially the books on the Advancement of Learning,

sufficiently show; and therefore I will not attempt to prove
it further by words. Meanwhile I give constant and distinct

warning that by the methods now in use neither can any

great progress be made in the doctrines and contemplative

part of sciences, nor can they be carried out to any magni-
tude of works.

CXX1X

It remains for me to say a few words touching the excel-

lency of the end in view. Had they been uttered earlier, they

might have seemed like idle wishes; but now that hopes have

been raised and unfair prejudices removed, they may per-

haps have greater weight. Also, if I had finished all myself,
and had no occasion to call in others to help and take part
in the work, I should even now have abstained from such

language, lest it might be taken as a proclamation of my own
deserts. But since I want to quicken the industry and rouse

and kindle the zeal of others, it is fitting that I put men in

mind of some things.

In the first place then, the introduction of famous discov-

eries appears to hold by far the first place among human ac-

tions; and this was the judgment of the former ages. For to

the authors of inventions they awarded divine honors; while

to those who did good service in the state (such as founders

of cities and empires, legislators, saviors of their country from

long enduring evils, quellers of tyrannies, and the like) they
decreed no higher honors than heroic. And certainly if a man
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rightly compare the two, he will find that this judgment of

antiquity was just. For the benefits of discoveries may extend

to the whole race of man, civil benefits only to particular

places; the latter last not beyond a few ages, the former

through all time. Moreover the reformation of a state in civil

matters is seldom brought in without violence and confusion;

but discoveries carry blessings with them, and confer bene-

fits without causing harm or sorrow to any.

Again, discoveries are as it were new creations, and imita-

tions of God's works; as well sang the poet:

To man's frail race great Athens long ago
First gave the seed whence waving harvests grow,
And re-created all our life below.

And it appears worthy of remark in Solomon, that though

mighty in empire and in gold; in the magnificence of his

works, his court, his household, and his fleet; in the luster of

his name and the worship of mankind: yet he took none of

these to glory in, but pronounced that "The glory of God is

to conceal a thing; the glory of the king to search it out."

Again, let a man only consider what a difference there is

between the life of men in the most civilized province of

Europe, and in the wildest and most barbarous districts of

New India; he will feel it be great enough to justify the say-

ing that "man is a god to man," not only in regard of aid and

benefit, but also by a comparison of condition. And this dif-

ference comes not from soil, not from climate, not from race,

but from the arts.

Again, it is well to observe the force and virtue and con-

sequences of discoveries; and these are to be seen nowhere

more conspicuously than in those three which were unknown
to the ancients, and of which the origin, though recent, is

obscure and inglorious; namely, printing, gunpowder, and the

magnet. For these three have changed the whole face and

state of things throughout the world; the first in literature,

the second in warfare, the third in navigation; whence have
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followed innumerable changes; insomuch that no empire, no

sect, no star seems to have exerted greater power and influ-

ence in human affairs than these mechanical discoveries.

Further, it will not be amiss to distinguish the three kinds

and as it were grades of ambition in mankind. The first is of

those who desire to extend their own power in their native

country; which kind is vulgar and degenerate. The second is

of those who labor to extend the power of their country and

its dominion among men. This certainly has more dignity,

though not less covetousness. But if a man endeavor to estab-

lish and extend the power and dominion of the human race

itself over the universe, his ambition (if ambition it can be

called) is without doubt both a more wholesome thing and

a more noble than the other two. Now the empire of man
over things depends wholly on the arts and sciences. For we
cannot command nature except by obeying her.

Again, if men have thought so much of some one particu-
lar discovery as to regard him as more than man who has been

able by some benefit to make the whole human race his

debtor, how much higher a thing to discover that by means

of which all things else shall be discovered with ease! And

yet (to speak the whole truth), as the uses of light are in-

finite, in enabling us to walk, to ply our arts, to read, to rec-

ognize one another; and nevertheless the very beholding of

the light is itself a more excellent and a fairer thing than all

the uses of it; so assuredly the very contemplation of things,

as they are, without superstition or imposture, error or con-

fusion, is in itself more worthy than all the fruit of inven-

tions.

Lastly, if the debasement of arts and sciences to purposes of

wickedness, luxury, and the like, be made a ground of objec-

tion, let no one be moved thereby. For the same may be said

of all earthly goods; of wit, courage, strength, beauty, wealth,

light itself, and the rest. Only let the human race recover the

right over nature which belongs to it by divine bequest, and

let power be given it; the exercise thereof will be governed

by sound reason and true religion.
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cxxx

And now it is time for me to propound the art itself of

interpreting nature; in which, although I conceive that I

have given true and most useful precepts, yet I do not say
either that it is absolutely necessary (as if nothing could be

done without it) or that it is perfect. For I am of opinion that

if men had ready at hand a just history of nature and experi-

ence, and labored diligently thereon; and if they could bind

themselves to two rules, the first, to lay aside received opin-
ions and notions; and the second, to refrain the mind for a

time from the highest generalizations, and those next to them,

they would be able by the native and genuine force of the

mind, without any other art, to fall into my form of interpre-
tation. For interpretation is the true and natural work of the

mind when freed from impediments. It is true however that

by my precepts everything will be in more readiness, and
much more sure.

Nor again do I mean to say that no improvement can be

made upon these. On the contrary, I that regard the mind not

only in its own faculties but in its connection with things,
must needs hold that the art of discovery may advance as dis-

coveries advance.
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Modern science, it can be said, began with Descartes. Like

Francis Bacon he strove to create a new methodology, but his

was based more on deduction than experience. A mathemati-

cian who extended his inquiries to embrace the general prin-

ciples of all knowledge, Descartes commenced by subjecting

everything, including doubt itself, to the test of doubt. His

frequently quoted Cogito, ergo sunn I think, therefore I am
is offered by him as a certainty and becomes the founda-

tion on which he builds an edifice spacious enough to contain

consideration of the principles of science and proof of the

existence of God. From the time he left France at twenty-
two, Descartes lived almost all the rest of his life in Holland.

There his first studies in mathematics projected him into phi-

losophy, physics, psychology, physiology and cosmology. In

each he was a pioneer whose influence has been dominant
for three centuries, especially in the field of the philosophy of

science. Discourse on Method, given here in its entirety, re-

mains his most noteworthy essay.



PREFATORY NOTE
BY THE AUTHOR

If this Discourse appear too long to be read at once, it may
be divided into six parts: and, in the first, will be found
various considerations touching the Sciences; in the second,
the principal rules of the Method -which the Author has dis-

covered; in the third, certain of the rules of Morals 'which he
has deduced from this Method; in the fourth, the reasonings

by which he establishes the existence of God and of the

Human Soul, which are the foundations of his Metaphysic;
in the fifth, the order of the Physical questions which he has

investigated, and, in particular, the explication of the motion
of the heart and of some other difficulties pertaining to Medi-

cine, as also the difference between the soul of man and that

of the brutes; and, in the last, what the Author believes to

be required in order to greater advancement in the investiga-
tion of Nature than has yet been made, with the reasons that

have induced him to write.





DISCOURSE ON METHOD

RENE DESCARTES

PART I

Good sense is, of all things among men, the most equally
distributed; for every one thinks himself so abundantly pro-
vided with it, that those even who are the most difficult to

satisfy in everything else, do not usually desire a larger meas-
ure of this quality than they already possess. And in this it

is not likely that all are mistaken: the conviction is rather to

be held as testifying that the power of judging aright and of

distinguishing truth from error, which is properly what is

called good sense or reason, is by nature equal in all men; and
that the diversity of our opinions, consequently, does not
arise from some being endowed with a larger share of reason

than others, but solely from this, that we conduct our thoughts

along different ways, and do not fix our attention on the

same objects. For to be possessed of a vigorous mind is not

enough; the prime requisite is rightly to apply it. The great-
est minds, as they are capable of the highest excellences, are

open likewise to the greatest aberrations; and those who
travel very slowly may yet make far greater progress, pro-
vided they keep always to the straight road, than those who,
while they run, forsake it.

For myself, I have never fancied my mind to be in any
respect more perfect than those of the generality; on the con-

trary, I have often wished that I were equal to some others

in promptitude of thought, or in clearness and distinctness of
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imagination, or in fullness and readiness of memory. And
besides these, I know of no other qualities that contribute to

the perfection of the mind; for as to the reason or sense, in-

asmuch as it is that alone which constitutes us men, and dis-

tinguishes us from the brutes, I am disposed to believe that

it is to be found complete in each individual; and on this point
to adopt the common opinion of philosophers, who say that

the difference of greater and less holds only among the ac-

cidents, and not among the forms or natures of individuals

of the same species.

I will not hesitate, however, to avow my belief that it has

been my singular good fortune to have very early in life

fallen in with certain tracks which have conducted me to

considerations and maxims, of which I have formed a method

that gives me the means, as I think, of gradually augmenting

my knowledge, and of raising it by little and little to the

highest point which the mediocrity of my talents and the

brief duration of my life will permit me to reach. For I have

already reaped from it such fruits that, although I have been

accustomed to think lowly enough of myself, and although
when I look with the eye of a philosopher at the varied

courses and pursuits of mankind at large, I find scarcely one

which does not appear vain and useless, I nevertheless derive

the highest satisfaction from the progress I conceive myself
to have already made in the search after truth, and cannot

help entertaining such expectations of the future as to believe

that if, among the occupations of men as men, there is any
one really excellent and important, it is that which I have

chosen.

After all, it is possible I may be mistaken; and it is but a little

copper and glass, perhaps, that I take for gold and diamonds.

I know how very liable we are to delusion in what relates to

ourselves, and also how much the judgments of our friends

are to be suspected when given in our favour. But I shall en-

deavour in this discourse to describe the paths I have fol-

lowed, and to delineate my life as in a picture, in order that

each one may be able to judge of them for himself, and that

in the general opinion entertained of them, as gathered from
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current report, I myself may have a new help towards in-

struction to be added to those I have been in the habit of

employing.

My present design, then, is not to teach the method which
each ought to follow for the right conduct of his reason, but

solely to describe the way in which I have endeavoured to

conduct my own. They who set themselves to give precepts
must of course regard themselves as possessed of greater skill

than those to whom they prescribe; and if they err in the

slightest particular, they subject themselves to censure. But
as this tract is put forth merely as a history, or, if you will,

as a tale, in which, amid some examples worthy of imitation,

there will be found, perhaps, as many more which it were ad-

visable not to follow, I hope it will prove useful to some with-

out being hurtful to any, and that my openness will find some
favour with all.

From my childhood, I have been familiar with letters; and

as I was given to believe that by their help a clear and certain

knowledge of all that is useful in life might be acquired, I

was ardently desirous of instruction. But as soon as I had

finished the entire course of study, at the close of which it is

customary to be admitted into the order of the learned, I

completely changed my opinion. For I found myself involved

in so many doubts and errors, that I was convinced I had

advanced no farther in all my attempts at learning, than the

discovery at every turn of my own ignorance. And yet I was

studying in one of the most celebrated schools in Europe, in

which I thought there must be learned men, if such were any-
where to be found. I had been taught all that others learned

there; and not contented with the sciences actually taught us,

I had, in addition, read all the books that had fallen into my
hands, treating of such branches as are esteemed the most

curious and rare. I knew the judgment which others had

formed of me; and I did not find that I was considered in-

ferior to my fellows, although there were among them some

who were already marked out to fill the places of our in-

structors. And, in fine, our age appeared to me as flourishing,

and as fertile in powerful minds as any preceding one. I was
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thus led to take the liberty of judging of all other men by
myself, and of concluding that there was no science in ex-

istence that was of such a nature as I had previously been

given to believe.

I still continued, however, to hold in esteem the studies of

the schools. I was aware that the languages taught in them are

necessary to the understanding of the writings of the ancients;

that the grace of fable stirs the mind; that the memorable

deeds of history elevate it; and, if read with discretion, aid

in forming the judgment; that the perusal of all excellent

books is, as it were, to interview with the noblest men of

past ages, who have written them, and even a studied inter-

view, in which are discovered to us only their choicest

thoughts; that eloquence has incomparable force and beauty;
that poesy has its ravishing graces and delights; that in the

mathematics there are many refined discoveries eminently
suited to gratify the inquisitive, as well as further all the arts

and lessen the labour of man; that numerous highly useful

precepts and exhortations to virtue are contained in treatises

on morals; that theology points out the path to heaven; that

philosophy affords the means of discoursing with an appear-
ance of truth on all matters, and commands the admiration

of the more simple; that jurisprudence, medicine, and the

other sciences, secure for their cultivators honours and riches;

and, in fine, that it is useful to bestow some attention upon all,

even upon those abounding the most in superstition and error,

that we may be in a position to determine their real value,

and guard against being deceived.

But I believed that I had already given sufficient time to

languages, and likewise to the reading of the writings of the

ancients, to their histories and fables. For to hold converse

with those of other ages and to travel, are almost the same

thing. It is useful to know something of the manners of dif-

ferent nations, that we may be enabled to form a more cor-

rect judgment regarding our own, and be prevented from

thinking that everything contrary to our customs is ridiculous

and irrational, a conclusion usually come to by those whose
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experience has been limited to their own country. On the

other hand, when too much time is occupied in traveling, we
become strangers to our native country; and the over curious

in the customs of the past are generally ignorant of those of

the present. Besides, fictitious narratives lead us to imagine the

possibility of many events that are impossible; and even the

most faithful histories, if they do not wholly misrepresent

matters, or exaggerate their importance to render the account

of them more worthy of perusal, omit, at least, almost always
the meanest and least striking of the attendant circumstances;

hence it happens that the remainder does not represent the

truth, and that such as regulate their conduct by examples
drawn from this source, are apt to fall into the extravagances
of the knight-errants of romance, and to entertain projects
that exceed their powers.

I esteemed eloquence highly, and was in raptures with

poesy; but I thought that both were gifts of nature rather

than fruits of study. Those in whom the. faculty of reason

is predominant, and who most skilfully dispose their thoughts
with a view to render them clear and intelligible, are always
the best able to persuade others of the truth of what they lay

down, though they should speak only in the language of

Lower Britanny, and be wholly ignorant of the rules of

rhetoric; and those whose minds are stored with the most

agreeable fancies, and who can give expression to them with

the greatest embellishment and harmony, are still the best

poets, though unacquainted with the art of poetry.
I was especially delighted with the mathematics, on account

of the certitude and evidence of their reasonings; but I had

not as yet a precise knowledge of their true use; and thinking
that they but contributed to the advancement of the mechani-

cal arts, I was astonished that foundations, so strong and solid,

should have had no loftier superstructure reared on them.

On the other hand, I compared the disquisitions of the ancient

moralists to very towering and magnificent palaces with no

better foundation than sand and mud: they laud the virtues

very highly, and exhibit them as estimable far above anything
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on earth; but they give us no adequate criterion of virtue, and

frequently that which they designate with so fine a name is

but apathy, or pride, or despair, or parricide.
I revered our theology, and aspired as much as any one to

reach heaven: but being given assuredly to understand that

the way is not less open to the most ignorant than to the most

learned, and that the revealed truths which lead to heaven are

above our comprehension, I did not presume to subject them

to the impotency of my reason; and I thought that in order

competently to undertake their examination, there was need

of some special help from heaven, and of being more than

man.

Of philosophy I will say nothing, except that when I saw

that it had been cultivated for many ages by the most distin-

guished men, and that yet there is not a single matter within

its sphere which is not still in dispute, and nothing, therefore,

which is above doubt, I did not presume to anticipate that

my success would be greater in it than that of others; and

further, when I considered the number of conflicting opinions

touching a single matter that may be upheld by learned men,
while there can be but one true, I reckoned as well-nigh false

all that was only probable.
As to the other sciences, inasmuch as these borrow their

principles from philosophy, I judged that no solid super-
structures could be reared on foundations so infirm; and

neither the honour nor the gain held out by them was suf-

ficient to determine me to their cultivation: for I was not,

thank Heaven, in a condition which compelled me to make
merchandise of science for the bettering of my fortune; and

thought I might not profess to scorn glory as a cynic, I yet
made very slight account of that honour which I hoped to

acquire only through fictitious titles. And, in fine, of false

sciences I thought I knew the worth sufficiently to escape

being deceived by the professions of an alchemist, the pre-
dictions of an astrologer, the impostures of a magician, or by
the artifices and boasting of any of those who profess to know

things of which they are ignorant.
For these reasons, as soon as my age permitted me to pass
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from under the control of my instructors, I entirely aban-

doned the study of letters, and resolved no longer to seek

any other science than the knowledge of myself, or of the

great book of the world. I spent the remainder of my youth
in travelling, in visiting courts and armies, in holding inter-

course with men of different dispositions and ranks, in col-

lecting varied experience, in proving myself in the different

situations into which fortune threw me, and, above all, in

making such reflection on the matter of my experience as

to secure my improvement. For it occurred to me that I

should find much more truth in the reasonings of each indi-

vidual with reference to the affairs in which he is personally

interested, and the issue of which must presently punish him
if he has judged amiss, than in those conducted by a man of

letters in his study, regarding speculative matters that are of

no practical moment, and followed by no consequences to

himself, farther, perhaps, than that they foster his vanity the

better the more remote they are from common sense; requir-

ing, as they must in this case, the exercise of greater in-

genuity and art to render them probable. In addition, I had

always a most earnest desire to know how to distinguish the

true from the false, in order that I might be able clearly to

discriminate the right path in life, and proceed in it with

confidence.

It is true that, while busied only in considering the manners

of other men, I found here, too, scarce any ground for settled

conviction, and remarked hardly less contradiction among
them than in the opinions of the philosophers. So that the

greatest advantage I derived from the study consisted in this,

that, observing many things which, however extravagant and

ridiculous to our apprehension, are yet by common consent

received and approved by other great nations, I learned to en-

tertain too decided a belief in regard to nothing of the truth

of which I had been persuaded merely by example and cus-

tom; and thus I gradually extricated myself from many errors

powerful enough to darken our natural intelligence, and in-

capacitate us in great measure from listening to reason. But

after I had been occupied several years in thus studying the
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book of the world, and in essaying to gather some experience,
I at length resolved to make myself an object of study, and

to employ all the powers of my mind in choosing the paths
I ought to follow, an undertaking which was accompanied
with greater success than it would have been had I never

quitted my country or my books.

PART II

I was then in Germany, attracted thither by the wars in that

country, which have not yet been brought to a termination;

and as I was returning to the army from the coronation of the

emperor, the setting in of winter arrested me in a locality

where, as I .found no society to interest me, and was besides

fortunately undisturbed by any cares or passions, I remained

the whole day in seclusion,
1 with full opportunity to occupy

my attention with my own thoughts. Of these one of the

very first that occurred to me was, that there is seldom so

much perfection in works composed of many separate parts,

upon which different hands had been employed, as in those

completed by a single master. Thus it is observable that the

buildings which a single architect has planned and executed,

are generally more elegant and commodious than those which

several have attempted to improve, by making old walls serve

for purposes for which they were not originally built. Thus

also, those ancient cities which, from being at first only

villages, have become, in course of time, large towns, are

usually but ill laid out compared with the regularly con-

structed towns which a professional architect has freely

planned on an open plain; so that although the several build-

ings of the former may often equal or surpass in beauty those

of the latter, yet when one observes their indiscriminate

juxtaposition, there a large one and here a small, and the

consequent crookedness and irregularity of the streets, one
is disposed to allege that chance rather than any human will

guided by reason must have led to such an arrangement. And

1
Literally, in a room heated by means of a stove.
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if we consider that nevertheless there have been at all times

certain officers whose duty it was to see that private buildings
contributed to public ornament, the difficulty of reaching

high perfection with but the materials of others to operate
on, will be readily acknowledged. In the same way I fancied

that those nations which, starting from a semi-barbarous state

and advancing to civilisation by slow degrees, have had their

laws successively determined, and, as it were, forced upon
them simply by experience of the hurtfulness of particular
crimes and disputes, would by this process come to be pos-
sessed of less perfect institutions than those which, from the

commencement of their association as communities, have

followed the appointments of some wise legislator. It is thus

quite certain that the constitution of the true religion, the

ordinances of which are derived from God, must be incom-

parably superior to that of every other. And, to speak of

human affairs, I believe that the past pre-eminence of Sparta
was due not to the goodness of each of its laws in particular,
for many of these were very strange, and even opposed to

good morals, but to the circumstance that, originated by a

single individual, they all tended to a single end. In the same

way I thought that the sciences contained in books (such of

them at least as are made up of probable reasonings, without

demonstrations), composed as they are of the opinions of

many different individuals massed together, are farther re-

moved from truth than the simple inferences which a man
of good sense using his natural and unprejudiced judgment
draws respecting the matters of his experience. And because

we have all to pass through a state of infancy to manhood,
and have been of necessity, for a length of time, governed

by our desires and preceptors (whose dictates were fre-

quently conflicting, while neither perhaps always counselled

us for the best), I farther concluded that it is almost impos-
sible that our judgments can be so correct or solid as they
would have been, had our reason been mature from the mo-
ment of our birth, and had we always been guided by it

alone.

It is true, however, that it is not customary to pull down
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all the houses of a town with the single design of rebuilding
them differently, and thereby rendering the streets more

handsome; but it often happens that a private individual takes

down his own with the view of erecting it anew, and that

people are even sometimes constrained to this when their

houses are in danger of falling from age, or when the founda-

tions are insecure. With this before me by way of example,
I was persuaded that it would indeed be preposterous for a

private individual to think of reforming a state by funda-

mentally changing it throughout, and overturning it in order

to set it up amended; and the same I thought was true of

any similar project for reforming the body of the sciences,

or the order of teaching them established in the schools: but

as for the opinions which up to that time I had embraced, I

thought that I could not do better than resolve at once to

sweep them wholly away, that I might afterwards be in a

position to admit either others more correct, or even per-

haps the same when they had undergone the scrutiny of

reason. I firmly believed that in this way I should much better

succeed in the conduct of my life, than if I built only upon
old foundations, and leant upon principles which, in my
youth, I had taken upon trust. For although I recognised
various difficulties in this undertaking, these were not, how-

ever, without remedy, nor once to be compared with such as

attend the slightest reformation in public affairs. Large
bodies, if once overthrown, are with great difficulty set up
again, or even kept erect when once seriously shaken, and

the fall of such is always disastrous. Then if there are any

imperfections in the constitutions of states (and that many
such exist the diversity of constitutions is alone sufficient to

assure us), custom has without doubt materially smoothed

their inconveniences, and has even managed to steer alto-

gether clear of, or insensibly corrected a number which

sagacity could not have provided against with equal effect;

and, in fine, the defects are almost always more tolerable

than the change necessary for their removal; in the same

manner that highways which wind among mountains, by
being much frequented, become gradually so smooth and
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commodious, that it is much better to follow them than to

seek a straighter path by climbing over the tops of rocks and

descending to the bottoms of precipices.
Hence it is that I cannot in any degree approve of those

restless and busy meddlers who, called neither by birth nor
fortune to take part in the management of public affairs, are

yet always projecting reforms; and if I thought that this tract

contained aught which might justify the suspicion that I was
a victim of such folly, I would by no means permit its publi-
cation. I have never contemplated anything higher than the

reformation of my own opinions, and basing them on a

foundation wholly my own. And although my own satis-

faction with my work has led me to present here a draft of

it, I do not by any means therefore recommend to every one

else to make a similar attempt. Those whom God has en-

dowed with a larger measure of genius will entertain, per-

haps, designs still more exalted; but for the many I am much
afraid lest even the present undertaking be more than they
can safely venture to imitate. The single design to strip one's

self of all past beliefs is one that ought not to be taken by
every one. The majority of men is composed of two classes,

for neither of which would this be at all a befitting resolu-

tion: in the first place, of those who with more than a due

confidence in their own powers, are precipitate in their judg-
ments and want the patience requisite for orderly and cir-

cumspect thinking; whence it happens, that if men of this

class once take the liberty to doubt of their accustomed

opinions, and quit the beaten highway, they will never be able

to thread the byway that would lead them by a shorter

course, and will lose themselves and continue to wander for

life; in the second place, of those who, possessed of sufficient

sense or modesty to determine that there are others who
excel them in the power of discriminating between truth and

error, and by whom they may be instructed, ought rather to

content themselves with the opinions of such than trust for

more correct to their own reason.

For my own part, I should doubtless have belonged to the

latter class, had I received instruction from but one master,
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or had I never known the diversities of opinion that from

time immemorial have prevailed among men of the greatest

learning. But I had become aware, even so early as during

my college life, that no opinion, however absurd and in-

credible, can be imagined, which has not been maintained by
some one of the philosophers; and afterwards in the course

of my travels I remarked that all those whose opinions are

decidedly repugnant to ours are not on that account bar-

barians and savages, but on the contrary that many of these

nations make an equally good, if not a better, use of their

reason than we do. I took into account also the very different

character which a person brought up from infancy in France

or Germany exhibits, from that which, with the same mind

originally, this individual would have possessed had he lived

always among the Chinese or with savages, and the circum-

stance that in dress itself the fashion which pleased us ten

years ago, and which may again, perhaps, be received into

favour before ten years have gone, appears to us at this mo-
ment extravagant and ridiculous. I was thus led to infer that

the ground of our opinions is far more custom and example
than any certain knowledge. And, finally, although such be

the ground of our opinions, I remarked that a plurality of

suffrages is no guarantee of truth where it is at all of difficult

discovery, as in such cases it is much more likely that it will

be found by one than by many. I could, however, select from

the crowd no one whose opinions seemed worthy of pref-

erence, and thus I found myself constrained, as it were, to use

my own reason in the conduct of my life.

But like one walking alone and in the dark, I resolved to

proceed so slowly and with such circumspection, that if I did

not advance far, I would at least guard against falling. I did

not even choose to dismiss summarily any of the opinions that

had crept into my belief without having been introduced by
reason, but first of all took sufficient time carefully to satisfy

myself of the general nature of the task I was setting myself,
and ascertain the true method by which to arrive at the

knowledge of whatever lay within the compass of my powers.

Among the branches of philosophy, I had, at an earlier
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period, given some attention to logic, and among those of the

mathematics to geometrical analysis and algebra, three arts

or sciences which ought, as I conceived, to contribute some-

thing to my design. But, on examination, I found that, as for

logic, its syllogisms and the majority of its other precepts are

of avail rather in the communication of what we already
know, or even as the art of Lully, in speaking without judg-
ment of things of which we are ignorant, than in the investi-

gation of the unknown; and although this science contains in-

deed a number of correct and very excellent precepts, there

are, nevertheless, so many others, and these either injurious or

superfluous, mingled with the former, that it is almost quite
as difficult to effect a severance of the true from the false as it

is to extract a Diana or a Minerva from a rough block of

marble. Then as to the analysis of the ancients and the algebra
of the moderns, besides that they embrace only matters highly

abstract, and, to appearance, of no use, the former is so exclu-

sively restricted to the consideration of figures, that it can

exercise the understanding only on condition of greatly fa-

tiguing the imagination; and, in the latter, there is so complete
a subjection to certain rules and formulas, that there results

an art full of confusion and obscurity calculated to embarrass,

instead of a science fitted to cultivate the mind. By these con-

siderations I was induced to seek some other method which

would comprise the advantages of the three and be exempt
from their defects. And as a multitude of laws often only

hampers justice, so that a state is best governed when, with

few laws, these are rigidly administered; in like manner, in-

stead of the great number of precepts of which logic is

composed, I believed that the four following would prove

perfectly sufficient for me, provided I took the firm and

unwavering resolution never in a single instance to fail in

observing them.

The first was never to accept anything for true which I did

not clearly know to be such; that is to say, carefully to avoid

precipitancy and prejudice, and to comprise nothing more in

my judgment than what was presented to my mind so clearly
and distinctly as to exclude all ground of doubt.



172 REN DESCARTES

The second, to divide each of the difficulties under exami-

nation into as many parts as possible, and as might be neces-

sary for its adequate solution.

The third, to conduct my thoughts in such order that, by
commencing with objects the simplest and easiest to know, I

might ascend by little and little, and, as it were, step by step,

to the knowledge of the more complex; assigning in thought
a certain order even to those objects which in their own na-

ture do not stand in a relation of antecedence and sequence.
And the last, in every case to make enumerations so com-

plete, and reviews so general, that I might be assured that

nothing was omitted.

The long chains of simple and easy reasonings by means

of which geometers are accustomed to reach the conclusions

of their most difficult demonstrations, had led me to imagine
that all things, to the knowledge of which man is competent,
are mutually connected in the same way, and that there is

nothing so far removed from us as to be beyond our reach,

or so hidden that we cannot discover it, provided only we
abstain from accepting the false for the true, and always pre-
serve in our thoughts the order necessary for the deduction of

one truth from another. And I had little difficulty in deter-

mining the objects with which it was necessary to commence,
for I was already persuaded that it must be with the simplest

and easiest to know, and, considering that of all those who
have hitherto sought truth in the sciences, the mathematicians

alone have been able to find any demonstrations, that is, any
certain and evident reasons, I did not doubt but that such

must have been the rule of their investigations. I resolved to

commence, therefore, with the examination of the simplest

objects, not anticipating, however, from this any other ad-

vantage than that to be found in accustoming my mind to the

love and nourishment of truth, and to a distaste for all such

reasonings as were unsound. But I had no intention on that

account of attempting to master all the particular sciences

commonly denominated mathematics: but observing that,

however different their objects, they all agree in considering

only the various relations or proportions subsisting among
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those objects, I thought it best for my purpose to consider

these proportions in the most general form possible, without

referring them to any objects in particular, except such as

would most facilitate the knowledge of them, and without by
any means restricting them to these, that afterwards I might
thus be the better able to apply them to every other class of

objects to which they are legitimately applicable. Perceiving

further, that in order to understand these relations I should

sometimes have to consider them one by one, and sometimes

only to bear them in mind, or embrace them in the aggregate,
I thought that, in order the better to consider them individu-

ally, I should view them as subsisting between straight lines,

than which I could find no objects more simple, or capable
of being more distinctly represented to my imagination and

senses; and on the other hand, that in order to retain them in

the memory, or embrace an aggregate of many, I should ex-

press them by certain characters the briefest possible. In this

way I believed that I could borrow all that was best both in

geometrical analysis and in algebra, and correct all the defects

of the one by help of the other.

And, in point of fact, the accurate observance of these few

precepts gave me, I take the liberty of saying, such ease in

unravelling all the questions embraced in these two sciences,

that in the two or three months I devoted to their examina-

tion, not only did I reach solutions of questions I had formerly
deemed exceedingly difficult, but even as regards questions
of the solution of which I continued ignorant, I was enabled,

as it appeared to me, to determine the means whereby, and

the extent to which, a solution was possible; results attribut-

able to the circumstance that I commenced with the simplest
and most general truths, and that thus each truth discovered

was a rule available in the discovery of subsequent ones. Nor
in this perhaps shall I appear too vain, if it be considered that,

as the truth on any particular point is one, whoever appre-
hends the truth, knows all that on that point can be known.

The child, for example, who has been instructed in the ele-

ments of arithmetic, and has made a particular addition, ac-

cording to rule, may be assured that he has found, with re-
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spect to the sum of the numbers before him, all that in this

instance is within the reach of human genius. Now, in con-

clusion, the method which teaches adherence to the true or-

der, and an exact enumeration of all the conditions of the

thing sought includes all that gives certitude to the rules of

arithmetic.

But the chief ground of my satisfaction with this method,
was the assurance I had of thereby exercising my reason in

all matters, if not with absolute perfection, at least with the

greatest attainable by me: besides, I was conscious that by its

use my mind was becoming gradually habituated to clearer

and more distinct conceptions of its objects; and I hoped also,

from not having restricted this method to any particular

matter, to apply it to the difficulties of the other sciences, with

not less success than to those of algebra. I should not, how-

ever, on this account have ventured at once on the examina-

tion of all the difficulties of the sciences which presented
themselves to me, for this would have been contrary to the

order prescribed in the method, but observing that the knowl-

edge of such is dependent on principles borrowed from phi-

losophy, in which I found nothing certain, I thought it neces-

sary first of all to endeavour to establish its principles. And
because I observed, besides, that an inquiry of this kind was
of all others of the greatest moment, and one in which precip-

itancy and anticipation in judgment were most to be dreaded,

I thought that I ought not to approach it till I had reached a

more mature age (being at that time but twenty-three), and

had first of all employed much of my time in preparation for

the work, as well by eradicating from my mind all the erro-

neous opinions I had up to that moment accepted, as by
amassing variety of experience to afford materials for my rea-

sonings, and by continually exercising myself in my chosen

method with a view to increased skill in its application.

PART III

And, finally, as k is not enough, before commencing to re-

build the house in which we live, that it be pulled down, and
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materials and builders provided, or that we engage in the

work ourselves, according to a plan which we have before-

hand carefully drawn out, but as it is likewise necessary that

we be furnished with some other house in which we may live

commodiously during the operations, so that I might not re-

main irresolute in my actions, while my reason compelled me
to suspend my judgment, and that I might not be prevented
from living thenceforward in the greatest possible felicity, I

formed a provisory code of morals, composed of three or

four maxims, with which I am desirous to make you ac-

quainted.
The first was to obey the laws and customs of my country,

adhering firmly to the faith in which, by the grace of God,
I had been educated from my childhood, and regulating my
conduct in every other matter according to the most moder-

ate opinions, and the farthest removed from extremes, which
should happen to be adopted in practice with general consent

of the most judicious of those among whom I might be living.

For, as I had from that time begun to hold my own opinions
for nought because I wished to subject them all to examina-

tion, I was convinced that I could not do better than follow

in the meantime the opinions of the most judicious; and al-

though there are some perhaps among the Persians and Chi-

nese as judicious as among ourselves, expediency seemed to

dictate that I should regulate my practice conformably to the

opinions of those with whom I should have to live; and it

appeared to me that, in order to ascertain the real opinions of

such, I ought rather to take cognisance of what they practised
than of what they said, not only because, in the corruption of

our manners, there are few disposed to speak exactly as they

believe, but also because very many are not aware of what it

is that they really believe; for, as the act of mind by which a

thing is believed is different from that by which we know
that we believe it, the one act is often found without the

other. Also, amid many opinions held in equal repute, I chose

always the most moderate, as much for the reason that these

are always the most convenient for practice, and probably
the best (for all excess is generally vicious), as that, in the
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event of my falling into error, I might be at less distance from

the truth than if, having chosen one of the extremes, it should

turn out to be the other which I ought to have adopted. And
I placed in the class of extremes especially all promises by
which somewhat of our freedom is abridged; not that I dis-

approved of the laws which, to provide against the instability

of men of feeble resolution, when what is sought to be ac-

complished is some good, permit engagements by vows and

contracts binding the parties to persevere in it, or even, for

the security of commerce, sanction similar engagements
where the purpose sought to be realised is indifferent: but

because I did not find anything on earth which was wholly

superior to change, and because, for myself in particular, I

hoped gradually to perfect my judgments, and not to suffer

them to deteriorate, I would have deemed it a grave sin

against good sense, if, for the reason that I approved of some-

thing at a particular time, I therefore bound myself to hold

it for good at a subsequent time, when perhaps it had ceased

to be so, or I had ceased to esteem it such.

My second maxim was to be as firm and resolute in my ac-

tions as I was able, and not to adhere less steadfastly to the

most doubtful opinions, when once adopted, than if they had

been highly certain; imitating in this the example of travellers

who, when they have lost their way in a forest, ought not to

wander from side to side, far less remain in one place, but

proceed constantly towards the same side in as straight a line

as possible, without changing their direction for slight rea-

sons, although perhaps it might be chance alone which at first

determined the selection; for in this way, if they do not ex-

actly reach the point they desire, they will come at least in

the end to some place that will probably be preferable to the

middle of a forest. In the same way, since in action it fre-

quently happens that no delay is permissible, it is very cer-

tain that, when it is not in our power to determine what is

true, we ought to act according to what is most probable; and

even although we should not remark a greater probability in

one opinion than in another, we ought notwithstanding to

choose one or the other, and afterwards consider it, in so far
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as it relates to practice, as no longer dubious, but manifestly
true and certain, since the reason by which our choice has

been determined is itself possessed of these qualities. This

principle was sufficient thenceforward to rid me of all those

repentings and pangs of remorse that usually disturb the con-

sciences of such feeble and uncertain minds as, destitute of

any clear and determinate principle of choice, allow them-
selves one day to adopt a course of action as the best, which

they abandon the next, as the opposite.

My third maxim was to endeavour always to conquer my-
self rather than fortune, and change my desires rather than

the order of the world, and in general, accustom myself to

the persuasion that, except our own thoughts, there is noth-

ing absolutely in our power; so that when we have done our

best in respect of things external to us, all wherein we fail of

success is to be held, as regards us, absolutely impossible: and

this single principle seemed to me sufficient to prevent me
from desiring for the future anything which I could not ob-

tain, and thus render me contented; for since our will nat-

urally seeks those objects alone which the understanding rep-
resents as in some way possible of attainment, it is plain, that

if we consider all external goods as equally beyond our power,
we shall no more regret the absence of such goods as seem

due to our birth, when deprived of them without any fault of

ours, than our not possessing the kingdoms of China or Mex-

ico; and thus making, so to speak, a virtue of necessity, we
shall no more desire health in disease, or freedom in imprison-

ment, than we now do bodies incorruptible as diamonds, or

the wings of birds to fly with. But I confess there is need of

prolonged discipline and frequently repeated meditation to

accustom the mind to view all objects in this light; and I be-

lieve that in this chiefly consisted the secret of the power of

such philosophers as in former times were enabled to rise

superior to the influence of fortune, and, amid suffering and

poverty, enjoy a happiness which their gods might have en-

vied. For, occupied incessantly with the consideration of the

limits prescribed to their power by nature, they became so

entirely convinced that nothing was at their disposal except
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their own thoughts, that this conviction was of itself sufficient

to prevent their entertaining any desire of other objects; and

over their thoughts they acquired a sway so absolute, that

they had some ground on this account for esteeming them-

selves more rich and more powerful, more free and more

happy, than other men who, whatever be the favours heaped
on them by nature and fortune, if destitute of this philosophy,
can never command the realisation of all their desires.

In fine, to conclude this code of morals, I thought of re-

viewing the different occupations of men in this life, with the

view of making choice of the best. And, without wishing to

offer any remarks on the employments of others, I may state

that it was my conviction that I could not do better than con-

tinue in that in which I was engaged, viz., in devoting my
whole life to the culture of my reason, and in making the

greatest progress I was able in the knowledge of truth, on the

principles of the method which I had prescribed to myself.
This method, from the time I had begun to apply it, had been

to me the source of satisfaction so intense as to lead me to be-

lieve that more perfect or more innocent could not be en-

joyed in this life; and as by its means I daily discovered truths

that appeared to me of some importance, and of which other

men were generally ignorant, the gratification thence arising

so occupied my mind that I was wholly indifferent to every
other object. Besides, the three preceding maxims were

founded singly on the design of continuing the work of self-

instruction. For since God has endowed each of us with some

light of reason by which to distinguish truth from error, I

could not have believed that I ought for a single moment to

rest satisfied with the opinions of another, unless I had re-

solved to exercise my own judgment in examining these

whenever I should be duly qualified for the task. Nor could

I have proceeded on such opinions without scruple, had I

supposed that I should thereby forfeit any advantage for at-

taining still more accurate, should such exist. And, in fine, I

could not have restrained my desires, nor remained satisfied,

had I not followed a path in which I thought myself certain

of attaining all the knowledge to the acquisition of which I
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was competent, as well as the largest amount of what is truly

good which I could ever hope to secure. Inasmuch as we
neither seek nor shun any object except in so far as our un-

derstanding represents it as good or bad, all that is necessary
to right action is right judgment, and to the best action the

most correct judgment, that is, to the acquisition of all the

virtues with all else that is truly valuable and within our

reach; and the assurance of such an acquisition cannot fail to

render us contented.

Having thus provided myself with these maxims, and hav-

ing placed them in reserve along with the truths of faith,

which have ever occupied the first place in my belief, I came

to the conclusion that I might with freedom set about ridding

myself of what remained of my opinions. And, inasmuch as

I hoped to be better able successfully to accomplish this work

by holding intercourse with mankind, than by remaining

longer shut up in the retirement where these thoughts had

occurred to me, I betook me again to travelling before the

winter was well ended. And, during the nine subsequent

years, I did nothing but roam from one place to another, de-

sirous of being a spectator rather than an actor in the plays
exhibited on the theatre of the world; and, as I made it my
business in each matter to reflect particularly upon what

might fairly be doubted and prove a source of error, I grad-

ually rooted out from my mind all the errors which had

hitherto crept into it. Not that in this I imitated the sceptics
who doubt only that they may doubt, and seek nothing be-

yond uncertainty itself; for, on the contrary, my design was

singly to find ground of assurance, and cast aside the loose

earth and sand, that I might reach the rock or the clay. In

this, as appears to me, I was successful enough; for, since I en-

deavoured to discover the falsehood or incertitude of the

propositions I examined, not by feeble conjectures, but by
clear and certain reasonings, I met with nothing so doubtful

as not to yield some conclusion of adequate certainty, al-

though this were merely the inference, that the matter in

question contained nothing certain. And, just as in pulling
down an old house, we usually reserve the ruins to contribute
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towards the erection, so, in destroying such of my opinions
as I judged to be ill-founded, I made a variety of observations

and acquired an amount of experience of which I availed my-
self in the establishment of more certain. And further, I con-

tinued to exercise myself in the method I had prescribed; for,

besides taking care in general to conduct all my thoughts ac-

cording to its rules, I reserved some hours from time to time

which I expressly devoted to the employment of the method
in the solution of mathematical difficulties, or even in the so-

lution likewise of some questions belonging to other sciences,

but which, by my having detached them from such principles
of these sciences as were of inadequate certainty, were ren-

dered almost mathematical: the truth of this will be manifest

from the numerous examples contained in this volume.2 And
thus, without in appearance living otherwise than those who,
with no other occupation than that of spending their lives

agreeably and innocently, study to sever pleasure from vice,

and who, that they may enjoy their leisure without ennui,

have recourse to such pursuits as are honourable, I was never-

theless prosecuting my design, and making greater progress
in the knowledge of truth, than I might, perhaps, have made
had I been engaged in the perusal of books merely, or in

holding converse with men of letters.

These nine years passed away, however, before I had come

to any determinate judgment respecting the difficulties which

form matter of dispute among the learned, or had commenced
to seek the principles of any philosophy more certain than the

vulgar. And the examples of many men of the highest genius,

who had, in former times, engaged in this inquiry, but, as

appeared to me, without success, led me to imagine it to be

a work of so much difficulty, that I would not perhaps have

ventured on it so soon had I not heard it currently rumoured

that I had already completed the inquiry. I know not what

were the grounds of this opinion; and, if my conversation con-

tributed in any measure to its rise, this must have happened

2 The "Discourse on Method" was
originally published along

with the "Dioptrics," the "Meteorics," and the "Geometry."
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rather from my having confessed my ignorance with greater
freedom than those are accustomed to do who have studied

a little, and expounded, perhaps, the reasons that led me to

doubt of many of those things that by others are esteemed

certain, than from my having boasted of any system of phi-

losophy. But, as I am of a disposition that makes me unwilling
to be esteemed different from what I really am, I thought it

necessary to endeavour by all means to render myself worthy
of the reputation accorded to me; and it is now exactly eight

years since this desire constrained me to remove from all those

places where interruption from any of my acquaintances was

possible, and betake myself to this country,
3
in which the long

duration of the war has led to the establishment of such dis-

cipline, that the armies maintained seem to be of use only in

enabling the inhabitants to enjoy more securely the blessings
of peace; and where, in the midst of a great crowd actively

engaged in business, and more careful of their own affairs

than curious about those of others, I have been enabled to live

without being deprived of any of the conveniences to be had

in the most populous cities, and yet as solitary and as retired

as in the midst of the most remote deserts.

PART IV

I am in doubt as to the propriety of making my first medita-

tions in the place above mentioned matter of discourse; for

these are so metaphysical, and so uncommon, as not, perhaps,
to be acceptable to every one. And yet, that it may be deter-

mined whether the foundations that I have laid are sufficiently

secure, I find myself in a measure constrained to advert to

them. I had long before remarked that, in relation to practice,
it is sometimes necessary to adopt, as if above doubt, opinions
which we discern to be highly uncertain, as has been already

said; but as I then desired to give my attention solely to the

search after truth, I thought that a procedure exactly the

opposite was called for, and that I ought to reject as abso-

3
Holland; to which country he withdrew in 1629.
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lutely false all opinions in regard to which I could suppose
the least ground for doubt, in order to ascertain whether after

that there remained aught in my belief that was wholly in-

dubitable. Accordingly, seeing that our senses sometimes de-

ceive us, I was willing to suppose that there existed nothing

really such as they presented to us; and because some men err

in reasoning, and fall into paralogisms, even on the simplest
matters of geometry, I, convinced that I was as open to error

as any other, rejected as false all the reasonings I had hitherto

taken for demonstrations; and finally, when I considered that

the very same thoughts (presentations) which we experience
when awake may also be experienced when we are asleep,

while there is at that time not one of them true, I supposed
that all the objects (presentations) that had ever entered into

my mind when awake, had in them no more truth than the

illusions of my dreams. But immediately upon this I observed

that, whilst I thus wished to think that all was false, it was

absolutely necessary that I, who thus thought, should be

somewhat; and as I observed that this truth, / think, hence I

am, was so certain and of such evidence, that no ground of

doubt, however extravagant, could be alleged by the sceptics

capable of shaking it, I concluded that I might, without scru-

ple, accept it as the first principle of the philosophy of which

I was in search.

In the next place, I attentively examined what I was, and as

I observed that I could suppose that I had no body, and that

there was no world nor any place in which I might be; but

that I could not therefore suppose that I was not; and that, on
the contrary, from the very circumstance that I thought to

doubt of the truth of other things, it most clearly and cer-

tainly followed that I was; while, on the other hand, if I had

only ceased to think, although all the other objects which I

had ever imagined had been in reality existent, I would have

had no reason to believe that I existed; I thence concluded

that I was a substance whose whole essence or nature consists

only in thinking, and which, that it may exist, has need of

no place, nor is dependent on any material thing; so that "I,"

that is to say, the mind by which I am what I am, is wholly
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distinct from the body, and is even more easily known than

the latter, and is such, that although the latter were not, it

would still continue to be all that it is.

After this I inquired in general into what is essential to the

truth and certainty of a proposition; for since I had discovered

one which I knew to be true, I thought that I must likewise

be able to discover the ground of this certitude. And as I ob-

served that in the words / think, hence I am, there is nothing
at all which gives me assurance of their truth beyond this,

that I see very clearly that in order to think it is necessary to

exist, I concluded that I might take, as a general rule, the prin-

ciple, that all the things which we very clearly and distinctly
conceive are true, only observing, however, that there is some

difficulty in rightly determining the objects which we dis-

tinctly conceive.

In the next place, from reflecting on the circumstance that

I doubted, and that consequently my being was not wholly

perfect (for I clearly saw that it was a greater perfection to

know than to doubt), I was led to inquire whence I had

learned to think of something more perfect than myself; and

I clearly recognised that I must hold this notion from some

nature which in reality was more perfect. As for the thoughts
of many other objects external to me, as of the sky, the earth,

light, heat, and a thousand more, I was less at a loss to know
whence these came; for since I remarked in them nothing
which seemed to render them superior to myself, I could be-

lieve that, if these were true, they were dependencies on my
own nature, in so far as it possessed a certain perfection, and,

if they were false, that I held them from nothing, that is to

say, that they were in me because of a certain imperfection
of my nature. But this could not be the case with the idea of

a nature more perfect than myself; for to receive it from

nothing was a thing manifestly impossible; and, because it is

not less repugnant that the more perfect should be an effect

of, and dependence on the less perfect, than that something
should proceed from nothing, it was equally impossible that

I could hold it from myself: accordingly, it but remained that

it had been placed in me by a nature which was in reality
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more perfect than mine, and which even possessed within

itself all the perfections of which I could form any idea; that

is to say, in a single word, which was God. And to this I

added that, since I knew some perfections which I did not

possess, I was not the only being in existence (I will here, with

your permission, freely use the terms of the schools); but, on
the contrary, that there was of necessity some other more per-
fect Being upon whom I was dependent, and from whom I

had received all that I possessed; for if I had existed alone, and

independently of every other being, so as to have had from

myself all the perfection, however little, which I actually pos-

sessed, I should have been able, for the same reason, to have

had from myself the whole remainder of perfection, of the

want of which I was conscious, and thus could of myself have

become infinite, eternal, immutable, omniscient, all-powerful,

and, in fine, have possessed all the perfections which I could

recognise in God. For in order to know the nature of God
(whose existence has been established by the preceding rea-

sonings), as far as my own nature permitted, I had only to

consider in reference to all the properties of which I found

in my mind some idea, whether their possession was a mark
of perfection; and I was assured that no one which indicated

any imperfection was in him, and that none of the rest was

awanting. Thus I perceived that doubt, inconstancy, sadness,

and such like, could not be found in God, since I myself
would have been happy to be free from them. Besides, I had

ideas of many sensible and corporeal things; for although I

might suppose that I was dreaming, and that all which I saw

or imagined was false, I could not, nevertheless, deny that the

ideas were in reality in my thoughts. But, because I had al-

ready very clearly recognised in myself that the intelligent

nature is distinct from the corporeal, and as I observed that

all composition is an evidence of dependency, and that a state

of dependency is manifestly a state of imperfection, I there-

fore determined that it could not be a perfection in God to

be compounded of these two natures, and that consequently
he was not so compounded; but that if there were any bodies

in the world, or even any intelligences, or other natures that
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were not wholly perfect, their existence depended on his

power in such a way that they could not subsist without him
for a single moment.

I was disposed straightway to search for other truths; and
when I had represented to myself the object of the geometers,
which I conceived to be a continuous body, or a space indefi-

nitely extended in length, breadth, and height or depth, divis-

ible into divers parts which admit of different figures and

sizes, and of being moved or transposed in all manner of ways
(for all this the geometers suppose to be in the object they

contemplate), I went over some of their simplest demon-
strations. And, in the first place, I observed, that the great
certitude which by common consent is accorded to these dem-

onstrations, is founded solely upon this, that they are clearly
conceived in accordance with the rules I have already laid

down. In the next place, I perceived that there was nothing at

all in these demonstrations which could assure me of the exist-

ence of their object: thus, for example, supposing a triangle
to be given, I distinctly perceived that its three angles were

necessarily equal to two right angles, but I did not on that

account perceive anything which could assure me that any

triangle existed: while, on the contrary, recurring to the ex-

amination of the idea of a Perfect Being, I found that the ex-

istence of the Being was comprised in the idea in the same

way that the equality of its three angles to two right angles
is comprised in the idea of a triangle, or as in the idea of a

sphere, the equidistance of all points on its surface from the

centre, or even still more clearly; and that consequently it is

at least as certain that God, who is this Perfect Being, is, or

exists, as any demonstration of geometry can be.

But the reason which leads many to persuade themselves

that there is a difficulty in knowing this truth, and even also

in knowing what their mind really is, is that they never raise

their thoughts above sensible objects, and are so accustomed

to consider nothing except by way of imagination, which is a

mode of thinking limited to material objects, that all that is

not imaginable seems to them not intelligible. The truth of

this is sufficiently manifest from the single circumstance, that
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the philosophers of the schools accept as a maxim that there

is nothing in the understanding which was not previously in

the senses, in which however it is certain that the ideas of God
and of the soul have never been; and it appears to me that

they who make use of their imagination to comprehend these

ideas do exactly the same thing as if, in order to hear sounds

or smell odours, they strove to avail themselves of their eyes;
unless indeed that there is this difference, that the sense of

sight does not afford us an inferior assurance to those of smell

or hearing; in place of which, neither our imagination nor

our senses can give us assurance of anything unless our un-

derstanding intervene.

Finally, if there be still persons who are not sufficiently per-
suaded of the existence of God and of the soul, by the rea-

sons I have adduced, I am desirous that they should know
that all the other propositions, of the truth of which they
deem themselves perhaps more assured, as that we have a

body, and that there exist stars and an earth, and such like,

are less certain; for, although we have a moral assurance of

these things, which is so strong that there is an appearance of

extravagance in doubting of their existence, yet at the same

time no one, unless his intellect is impaired, can deny, when
the question relates to a metaphysical certitude, that there is

sufficient reason to exclude entire assurance, in the observa-

tion that when asleep we can in the same way imagine our-

selves possessed of another body and that we see other stars

and another earth, when there is nothing of the kind. For

how do we know that the thoughts which occur in dreaming
are false rather than those other which we experience when

awake, since the former are often not less vivid and distinct

than the latter? And though men of the highest genius study
this question as long as they please, I do not believe that they
will be able to give any reason which can be sufficient to re-

move this doubt, unless they presuppose the existence of God.

For, in the first place, even the principle which I have already
taken as a rule, viz., that all the things which we clearly and

distinctly conceive are true, is certain only because God is or

exists and because he is a Perfect Being, and because all that
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we possess is derived from him: whence it follows that our

ideas or notions, which to the extent of their clearness and

distinctness are real, and proceed from God, must to that ex-

tent be true. Accordingly, whereas we not unfrequently have

ideas or notions in which some falsity is contained, this can

only be the case with such as are to some extent confused and

obscure, and in this proceed from nothing (participate of ne-

gation), that is, exist in us thus confused because we are not

wholly perfect. And it is evident that it is not less repugnant
that falsity or imperfection, in so far as it is imperfection,
should proceed from God, than that truth or perfection
should proceed from nothing. But if we did not know that

all which we possess of real and true proceeds from a Perfect

and Infinite Being, however clear and distinct our ideas might
be, we should have no ground on that account for the assur-

ance that they possessed the perfection of being true.

But after the knowledge of God and of the soul has ren-

dered us certain of this rule, we can easily understand that

the truth of the thoughts we experience when awake, ought
not in the slightest degree to be called in question on account

of the illusions of our dreams. For if it happened that an in-

dividual, even when asleep, had some very distinct idea, as,

for example, if a geometer should discover some new demon-

stration, the circumstance of his being asleep would not mili-

tate against its truth; and as for the most ordinary error of

our dreams, which consists in their representing to us various

objects in the same way as our external senses, this is not

prejudicial, since it leads us very properly to suspect the truth

of the ideas of sense; for we are not unfrequently deceived

in the same manner when awake; as when persons in the

jaundice see all objects yellow, or when the stars or bodies at

a great distance appear to us much smaller than they are. For,

in fine, whether awake or asleep, we ought never to allow

ourselves to be persuaded of the truth of anything unless on
the evidence of our reason. And it must be noted that I say
of our reason, and not of our imagination or of our senses:

thus, for example, although we very clearly see the sun, we

ought not therefore to determine that it is only of the size
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which our sense of sight presents; and we may very distinctly

imagine the head of a lion joined to the body of a goat, with-

out being therefore shut up to the conclusion that a chimaera

exists; for it is not a dictate of reason that what we thus see

or imagine is in reality existent; but it plainly tells us that all

our ideas or notions contain in them some truth; for otherwise

it could not be that God, who is wholly perfect and veracious,

should have placed them in us. And because our reasonings
are never so clear or so complete during sleep as when we
are awake, although sometimes the acts of our imagination
are then as lively and distinct, if not more so than in our wak-

ing moments, reason further dictates that, since all our

thoughts cannot be true because of our partial imperfection,
those possessing truth must infallibly be found in the experi-
ence of our waking moments rather than in that of our

dreams.

PART V

I would here willingly have proceeded to exhibit the whole

chain of truths which I deduced from these primary; but as

with a view to this it would have been necessary now to treat

of many questions in dispute among the learned, with whom
I do not wish to be embroiled, I believe that it will be better

for me to refrain from this exposition, and only mention in

general what these truths are, that the more judicious may be

able to determine whether a more special account of them
would conduce to the public advantage. I have ever remained

firm in my original resolution to suppose no other principle
than that of which I have recently availed myself in demon-

strating the existence of God and of the soul, and to accept
as true nothing that did not appear to me more clear and cer-

tain than the demonstrations of the geometers had formerly

appeared; and yet I venture to state that not only have I

found means to satisfy myself in a short time on all the prin-

cipal difficulties which are usually treated of in philosophy,
but I have also observed certain laws established in nature by
God in such a manner, and of which he has impressed on our



DISCOURSE ON METHOD 189

minds such notions, that after we have reflected sufficiently

upon these, we cannot doubt that they are accurately ob-

served in all that exists or takes place in the world: and

farther, by considering the concatenation of these laws, it ap-

pears to me that I have discovered many truths more useful

and more important than all I had before learned, or even

had expected to learn.

But because I have essayed to expound the chief of these

discoveries in a treatise which certain considerations prevent
me from publishing, I cannot make the results known more

conveniently than by here giving a summary of the contents

of this treatise. It was my design to comprise in it all that,

before I set myself to write it, I thought I knew of the nature

of material objects. But like the painters who, finding them-

selves unable to represent equally well on a plain surface all

the different faces of a solid body, select one of the chief, on

which alone they make the light fall, and throwing the rest

into the shade, allow them to appear only in so far as they can

be seen while looking at the principal one; so, fearing lest 1

should not be able to comprise in my discourse all that was

in my mind, I resolved to expound singly, though at consid-

erable length, my opinions regarding light; then to take the

opportunity of adding something on the sun and the fixed

stars, since light almost wholly proceeds from them; on the

heavens since they transmit it; on the planets, comets, and

earth, since they reflect it; and particularly on all the bodies

that are upon the earth, since they are either coloured, or

transparent, or luminous; and finally on man, since he is the

spectator of these objects. Further, to enable me to cast this

variety of subjects somewhat into the shade, and to express

my judgment regarding them with greater freedom, without

being necessitated to adopt or refute the opinions of the

learned, I resolved to leave all the people here to their dis-

putes, and to speak only of what would happen in a new

world, if God were now to create somewhere in the imagi-

nary spaces matter sufficient to compose one, and were to

agitate variously and confusedly the different parts of this

matter, so that there resulted a chaos as disordered as the poets
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ever feigned, and after that did nothing more than lend his

ordinary concurrence to nature, and allow her to act in ac-

cordance with the laws which he had established. On this

supposition, I, in the first place, described this matter, and

essayed to represent it in such a manner that to my mind
there can be nothing clearer and more intelligible, except
what has been recently said regarding God and the soul; for

I even expressly supposed that it possessed none of those forms

or qualities which are so debated in the schools, nor in general

anything the knowledge of which is not so natural to our

minds that no one can so much as imagine himself ignorant
of it. Besides, I have pointed out what are the laws of nature;

and, with no other principle upon which to found my reason-

ings except the infinite perfection of God, I endeavoured to

demonstrate all those about which there could be any room
for doubt, and to prove that they are such, that even if God
had created more worlds, there could have been none in

which these laws were not observed. Thereafter I showed
how the greatest part of the matter of this chaos must, in ac-

cordance with these laws, dispose and arrange itself in such

a way as to present the appearance of heavens; how in the

meantime some of its parts must compose an earth and some

planets and comets, and others a sun and fixed stars. And,

making a digression at this stage on the subject of light, I ex-

pounded at considerable length what the nature of that light

must be which is found in the sun and the stars, and how
thence in an instant of time it traverses the immense spaces
of the heavens, and how from the planets and comets it is

reflected towards the earth. To this I likewise added much

respecting the substance, the situation, the motions, and all

the different qualities of these heavens and stars; so that I

thought I had said enough respecting them to show that there

is nothing observable in the heavens or stars of our system
that must not, or at least may not appear precisely alike in

those of the system which I described. I came next to speak
of the earth in particular, and to show how, even though I had

expressly supposed that God had given no weight to the mat-

ter of which it is composed, this should not prevent all its
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parts from tending exactly to its centre; how with water and
air on its surface, the disposition of the heavens and heavenly
bodies, more especially of the moon, must cause a flow and

ebb, like in all its circumstances to that observed in our seas,

as also a certain current both of water and air from east to

west, such as is likewise observed between the tropics; how
the mountains, seas, fountains, and rivers might naturally be

formed in it, and the metals produced in the mines, and the

plants grow in the fields; and in general, how all the bodies

which are commonly denominated mixed or composite might
be generated: and, among other things in the discoveries al-

luded to, inasmuch as besides the stars, I knew nothing except
fire which produces light, I spared no pains to set forth all

that pertains to its nature, the manner of its production and

support, and to explain how heat is sometimes found without

light, and light without heat; to show how it can induce vari-

ous colours upon different bodies and other diverse qualities;

how it reduces some to a liquid state and hardens others; how
it can consume almost all bodies, or convert them into ashes

and smoke; and finally, how from these ashes, by the mere

intensity of its action, it forms glass: for as this transmutation

of ashes into glass appeared to me as wonderful as any other

in nature, I took a special pleasure in describing it.

I was not, however, disposed, from these circumstances, to

conclude that this world had been created in the manner I

described; for it is much more likely that God made it at the

first such as it was to be. But this is certain, and an opinion

commonly received among theologians, that the action by
which he now sustains it is the same with that by which he

originally created it; so that even although he had from the

beginning given it no other form than that of chaos, provided

only he had established certain laws of nature, and had lent

it his concurrence to enable it to act as it is wont to do, it

may be believed, without discredit to the miracle of creation,

that, in this way alone, things purely material might, in course

of time, have become such as we observe them at present;

and their nature is much more easily conceived when they
are beheld coming in this manner gradually into existence,
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than when they are only considered as produced at once in

a finished and perfect state.

From the description of inanimate bodies and plants, I

passed to animals, and particularly to man. But since I had

not as yet sufficient knowledge to enable me to treat of these

in the same manner as of the rest, that is to say, by deducing
effects from their causes, and by showing from what elements

and in what manner nature must produce them, I remained

satisfied with the supposition that God formed the body of

man wholly like to one of ours, as well in the external shape
of the members as in the internal conformation of the organs,
of the same matter with that I had described, and at first

placed in it no rational soul, nor any other principle, in room
of the vegetative or sensitive soul, beyond kindling in the

heart one of those fires without light, such as I had already

described, and which I thought was not different from the

heat in hay that has been heaped together before it is dry, or

that which causes fermentation in new wines before they are

run clear of the fruit. For, when I examined the kind of func-

tions which might, as consequences of this supposition, exist

in this body, I found precisely all those which may exist in

us independently of all power of thinking, and consequently
without being in any measure owing to the soul; in other

words, to that part of us which is distinct from the body,
and of which it has been said above that the nature distinc-

tively consists in thinking, functions in which the animals

void of reason may be said wholly to resemble us; but among
which I could not discover any of those that, as dependent on

thought alone, belong to us as men, while, on the other hand,

I did afterwards discover these as soon as I supposed God to

have created a rational soul, and to have annexed it to this

body in a particular manner which I described.

But, in order to show how I there handled this matter, I

mean here to give the explication of the motion of the heart

and arteries, which, as the first and most general motion ob-

served in animals, will afford the means of readily determin-

ing what should be thought of all the rest. And that there may
be less difficulty in understanding what I am about to say on
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this subject, I advise those who are not versed in anatomy,
before they commence the perusal of these observations, to

take the trouble of getting dissected in their presence the

heart of some large animal possessed of lungs (for this is

throughout sufficiently like the human), and to have shown
to them its two ventricles or cavities: in the first place, that

in the right side, with which correspond two very ample
tubes, viz., the hollow vein (vena cava), which is the princi-

pal receptacle of the blood, and the trunk of the tree, as it

were, of which all the other veins in the body are branches;
and the arterial vein (vena arteriosa), inappropriately so de-

nominated, since it is in truth only an artery, which, taking
its rise in the heart, is divided, after passing out from it, into

many branches which presently disperse themselves all over

the lungs; in the second place, the cavity in the left side, with

which correspond in the same manner two canals in size equal
to or larger than the preceding, viz., the venous artery (ar-

teria venosa), likewise inappropriately thus designated, be-

cause it is simply a vein which comes from the lungs, where
it is divided into many branches, interlaced with those of the

arterial vein, and those of the tube called the windpipe,

through which the air we breathe enters; and the great artery

which, issuing from the heart, sends its branches all over the

body. I should wish also that such persons were carefully
shown the eleven pellicles which, like so many small valves,

open and shut the four orifices that are in these two cavities,

viz., three at the entrance of the hollow vein, where they are

disposed in such a manner as by no means to prevent the

blood which it contains from flowing into the right ventricle

of the heart, and yet exactly to prevent its flowing out; three

at the entrance to the arterial vein, which, arranged in a man-

ner exactly the opposite of the former, readily permit the

blood contained in this cavity to pass into the lungs, but hin-

der that contained in the lungs from returning to this cavity;

and, in like manner, two others at the mouth of the venous

artery, which allow the blood from the lungs to flow into the

left cavity of the heart, but preclude its return; and three at

the mouth of the great artery, which suffer the blood to flow
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from the heart, but prevent its reflux. Nor do we need to seek

any other reason for the number of these pellicles beyond
this that the orifice of the venous artery being on an oval

shape from the nature of its situation, can be adequately
closed with two, whereas the others being round are more

conveniently closed with three. Besides, I \wish such persons
to observe that the grand artery and the arterial vein are of

much harder and firmer texture than the venous artery and

the hollow vein; and that the two last expand before entering
the heart, and there form, as it were, two pouches denomi-

nated the auricles of the heart, which are composed of a sub-

stance similar to that of the heart itself; and that there is al-

ways more warmth in the heart than in any other part of the

body; and, finally, that this heat is capable of causing any drop
of blood that passes into the cavities rapidly to expand and

dilate, just as all liquors do when allowed to fall drop by drop
into a highly heated vessel.

For, after these things, it is not necessary for me to say any-

thing more with a view to explain the motion of the heart,

except that when its cavities are not full of blood, into these

the blood of necessity flows, from the hollow vein into the

right, and from the venous artery into the left; because these

two vessels are always full of blood, and their orifices, which

are turned towards the heart, cannot then be closed. But as

soon as two drops of blood have thus passed, one into each

of the cavities, these drops which cannot but be very large,

because the orifices through which they pass are wide, and

the vessels from which they come full of blood, are imme-

diately rarefied, and dilated by the heat they meet with. In

this way they cause the whole heart to expand, and at the

same time press home and shut the five small valves that are

at the entrances of the two vessels from which they flow, and

thus prevent any more blood from coming down into the

heart, and becoming more and more rarefied, they push open
the six small valves that are in the orifices of the other two

vessels, through which they pass out, causing in this way all

the branches of the arterial vein and of the grand artery to

expand almost simultaneously with the heart which imme-
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diately thereafter begins to contract, as do also the arteries,

because the blood that has entered them has cooled, and the

six small valves close, and the five of the hollow vein and of

the venous artery open anew and allow a passage to other two

drops of blood, which cause the heart and the arteries again
to expand as before. And, because the blood which thus en-

ters into the heart passes through these two pouches called

auricles, it thence happens that their motion is the contrary
of that of the heart, and that when it expands they contract.

But lest those who are ignorant of the force of mathematical

demonstrations, and who are not accustomed to distinguish
true reasons from mere verisimilitudes, should venture, with-

out examination, to deny what has been said, I wish it to be

considered that the motion which I have now explained fol-

lows as necessarily from the very arrangement of the parts,
which may be observed in the heart by the eye alone, and

from the heat which may be felt with the fingers, and from

the nature of the blood as learned from experience, as does

the motion of a clock from the power, the situation, and shape
of its counterweights and wheels.

But if it be asked how it happens that the blood in the veins,

flowing in this way continually into the heart, is not ex-

hausted, and why the arteries do not become too full, since

all the blood which passes through the heart flows into them,

I need only mention in reply what has been written by a phy-
sician

4 of England, who has the honour of having broken the

ice on this subject, and of having been the first to teach that

there are many small passages at the extremities of the ar-

teries, through which the blood received by them from the

heart passes into the small branches of the veins, whence it

again returns to the heart; so that its course amounts precisely

to a perpetual circulation. Of this we have abundant proof in

the ordinary experience of surgeons, who, by binding the arm

with a tie of moderate straitness above the part where they

open the vein, cause the blood to flow more copiously than

it would have done without any ligature; whereas quite the

4
Harvey Lot. Tr.
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contrary would happen were they to bind it below; that is,

between the hand and the opening, or were to make the liga-

ture above the opening very tight. For it is manifest that the

tie, moderately straitened, while adequate to hinder the blood

already in the arm from returning towards the heart by the

veins, cannot on that account prevent new blood from com-

ing forward through the arteries, because these are situated

below the veins, and their coverings, from their greater con-

sistency, are more difficult to compress; and also that the

blood which comes from the heart tends to pass through
them to the hand with greater force than it does to return

from the hand to the heart through the veins. And since the

latter current escapes from the arm by the opening made in

one of the veins, there must of necessity be certain passages
below the ligature, that is, towards the extremities of the arm

through which it can come thither from the arteries. This

physician likewise abundantly establishes what he has ad-

vanced respecting the motion of the blood, from the existence

of certain pellicles, so disposed in various places along the

course of the veins, in the manner of small valves, as not to

permit the blood to pass from the middle of the body towards

the extremities, but only to return from the extremities to the

heart; and farther, from experience which shows that all the

blood which is in the body may flow out of it in a very short

time through a single artery that has been cut, even although
this had been closely tied in the immediate neighbourhood
of the heart, and cut between the heart and the ligature, so

as to prevent the supposition that the blood flowing out of it

could come from any other quarter than the heart.

But there are many other circumstances which evince that

what I have alleged is the true cause of the motion of the

blood: thus, in the first place, the difference that is observed

between the blood which flows from the veins, and that from
the arteries, can only arise from this, that being rarefied, and,

as it were, distilled by passing through the heart, it is thinner,

and more vivid, and warmer immediately after leaving the

heart, in other words, when in the arteries, than it was a short

time before passing into either, in other words, when it was
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in the veins; and if attention be given, it will be found that

this difference is very marked only in the neighbourhood of

the heart; and is not so evident in parts more remote from it.

In the next place, the consistency of the coats of which the

arterial vein and the great artery are composed, sufficiently
shows that the blood is impelled against them with more force

than against the veins. And why should the left cavity of the

heart and the great artery be wider and larger than the right

cavity and the arterial vein, were it not that the blood of the

venous artery, having only been in the lungs after it has passed

through the heart, is thinner, and rarefies more readily, and in

a higher degree, than the blood which proceeds immediately
from the hollow vein? And what can physicians conjecture
from feeling the pulse unless they know that according as the

blood changes its nature it can be rarefied by the warmth of

the heart, in a higher or lower degree, and more or less

quickly than before? And if it be inquired how this heat is

communicated to the other members, must it not be admitted

that this is effected by means of the blood, which, passing

through the heart, is there heated anew, and thence diffused

over all the body? Whence it happens, that if the blood be

withdrawn from any part, the heat is likewise withdrawn by
the same means; and although the heart were as hot as glow-

ing iron, it would not be capable of warming the feet and

hands as at present, unless it continually sent thither new
blood. We likewise perceive from this, that the true use of

respiration is to bring sufficient fresh air into the lungs, to

cause the blood which flows into them from the right ventri-

cle of the heart, where it has been rarefied and, as it were,

changed into vapours, to become thick, and to convert it

anew into blood, before it flows into the left cavity, without

which process it would be unfit for the nourishment of the

fire that is there. This receives confirmation from the circum-

stance, that it is observed of animals destitute of lungs that

they have also but one cavity in the heart, and that in children

who cannot use them while in the womb, there is a hole

through which the blood flows from the hollow vein into the

left cavity of the heart, and a tube through which it passes
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from the arterial vein into the grand artery without passing

through the lung. In the next place, how could digestion be

carried on in the stomach unless the heart communicated

heat to it through the arteries, and along with this certain of

the more fluid parts of the blood, which assist in the dissolu-

tion of the food that has been taken in? Is not also the opera-
tion which converts the juice of food into blood easily com-

prehended, when it is considered that it is distilled by passing
and repassing through the heart perhaps more than one

or two hundred times in a day? And what more need be

adduced to explain nutrition, and the production of the differ-

ent humours of the body, beyond saying, that the force with

which the blood, in being rarefied, passes from the heart to-

wards the extremities of the arteries, causes certain of its parts
to remain in the members at which they arrive, and there

occupy the place of some others expelled by them; and that

according to the situation, shape, or smallness of the pores
with which they meet, some rather than others flow into

certain parts, in the same way that some sieves are observed

to act, which, by being variously perforated, serve to sepa-
rate different species of grain? And, in the last place, what
above all is here worthy of observation, is the generation of

the animal
spirits,

which are like a very subtle wind, or rather

a very pure and vivid flame which, continually ascending in

great abundance from the heart to the brain, thence pene-
trates through the nerves into the muscles, and gives motion

to all the members; so that to account for other parts of the

blood which, as most agitated and penetrating, are the fittest

to compose these spirits, proceeding towards the brain, it is

not necessary to suppose any other cause, than simply, that

the arteries which carry them thither proceed from the heart

in the most direct lines, and that, according to the rules of

mechanics, which are the same with those of nature, when

many objects tend at once to the same point where there is

not sufficient room for all (as is the case with the parts of the

blood which flow forth from the left cavity of the heart and

tend towards the brain), the weaker and less agitated parts
must necessarily be driven aside from that point by the

stronger which alone in this way reach it.
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I had expounded all these matters with sufficient minuteness

in the treatise which I formerly thought of publishing. And
after these, I had shown what must be the fabric of the nerves

and muscles of the human body to give the animal spirits

contained in it the power to move the members, as when we
see heads shortly after they have been struck off still move
and bite the earth, although no longer animated; what changes
must take place in the brain to produce waking, sleep, and

dreams; how light, sounds, odours, tastes, heat, and all the

other qualities of external objects impress it with different

ideas by means of the senses; how hunger, thirst, and the

other internal affections can likewise impress upon it diverse

ideas; what must be understood by the common sense (sensus

communis) in which these ideas are received, by the memory
which retains them, by the fantasy which can change them
in various ways, and out of them compose new ideas, and

which, by the same means, distributing the animal spirits

through the muscles, can cause the members of such a body
to move in as many different ways, and in a manner as suited,

whether to the objects that are presented to its senses or to

its internal affections, as can take place in our own case apart
from the guidance of the will. Nor will this appear at all

strange to those who are acquainted with the variety of move-
ments performed by the different automata, or moving ma-
chines fabricated by human industry, and that with help of

but few pieces compared with the great multitude of bones,

muscles, nerves, arteries, veins, and other parts that are found

in the body of each animal. Such persons will look upon this

body as a machine made by the hands of God, which is in-

comparably better arranged, and adequate to movements
more admirable than is any machine of human invention. And
here I specially stayed to show that, were there such machines

exactly resembling in organs and outward form an ape or

any other irrational animal, we could have no means of know-

ing that they were in any respect of a different nature from
these animals; but if there were machines bearing the image
of our bodies, and capable of imitating our actions as far as

it is morally possible, there would still remain two most cer-

tain tests whereby to know that they were not therefore
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really men. Of these the first is that they could never use

words or other signs arranged in such a manner as is compe-
tent to us in order to declare our thoughts to others: for we

may easily conceive a machine to be so constructed that it

emits vocables, and even that it emits some correspondent to

the action upon it of external objects which cause a change
in its organs; for example, if touched in a particular place it

may demand what we wish to say to it; if in another it may
cry out that it is hurt, and such like; but not that it should

arrange them variously so as appositely to reply to what is

said in its presence, as men of the lowest grade of intellect

can do. The second test is, that although such machines might
execute many things with equal or perhaps greater perfection
than any of us, they would, without doubt, fail in certain

others from which it could be discovered that they did not

act from knowledge, but solely from the disposition of their

organs: for while reason is an universal instrument that is

alike available on every occasion, these organs, on the con-

trary, need a particular arrangement for each particular ac-

tion; whence it must be morally impossible that there should

exist in any machine a diversity of organs sufficient to enable

it to act in all the occurrences of life, in the way in which
our reason enables us to act. Again, by means of these two
tests we may likewise know the difference between men and

brutes. For it is highly deserving of remark, that there are

no men so dull and stupid, not even idiots, as to be incapable
of joining together different words, and thereby constructing
a declaration by which to make their thoughts understood;
and that on the other hand, there is no other animal, however

perfect or happily circumstanced, which can do the like. Nor
does this inability arise from want of organs: for we observe

that magpies and parrots can utter words like ourselves, and

are yet unable to speak as we do, that is, so as to show that

they understand what they say; in place of which men born

deaf and dumb, and thus not less, but rather more than the

brutes, destitute of the organs which others use in speaking,
are in the habit of spontaneously inventing certain signs by
which they discover their thoughts to those who, being usu-
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ally in their company, have leisure to learn their language.
And this proves not only that the brutes have less reason than

man, but that they have none at all: for we see that very little

is required to enable a person to speak; and since a certain

inequality of capacity is observable among animals of the

same species, as well as among men, and since some are more

capable of being instructed than others, it is incredible that

the most perfect ape or parrot of its species, should not in

this be equal to the most stupid infant of its kind, or at least

to one that was crack-brained, unless the soul of brutes were

of a nature wholly different from ours. And we ought not

to confound speech with the natural movements which indi-

cate the passions, and can be imitated by machines as well as

manifested by animals; nor must it be thought with certain

of the ancients, that the brutes speak, although we do not un-

derstand their language. For if such were the case, since they
are endowed with many organs analogous to ours, they could

as easily communicate their thoughts to us as to their fellows.

It is also very worthy of remark, that, though there are many
animals which manifest more industry than we in certain of

their actions, the same animals are yet observed to show none

at all in many others: so that the circumstance that they do

better than we does not prove that they are endowed with

mind, for it would thence follow that they possessed greater
reason than any of us, and could surpass us in all things; on
the contrary, it rather proves that they are destitute of rea-

son, and that it is nature which acts in them according to the

disposition of their organs: thus it is seen, that a clock com-

posed only of wheels and weights can number the hours and

measure time more exactly than we with all our skill.

I had after this described the reasonable soul, and shown
that it could by no means be educed from the power of mat-

ter, as the other things of which I had spoken, but that it

must be expressly created; and that it is not sufficient that it

be lodged in the human body exactly like a pilot in a ship,

unless perhaps to move its members, but that it is necessary
for it to be joined and united more closely to the body, in

order to have sensations and appetites similar to ours, and thus
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constitute a real man. I here entered, in conclusion, upon the

subject of the soul at considerable length, because it is of the

greatest moment: for after the error of those who deny the

existence of God, an error which I think I have already suffi-

ciently refuted, there is none that is more powerful in lead-

ing feeble minds astray from the straight path of virtue than

the supposition that the soul of the brutes is of the same na-

ture with our own; and consequently that after this life we
have nothing to hope for or fear, more than flies and ants;

in place of which, when we know how far they differ we
much better comprehend the reasons which establish that the

soul is of a nature wholly independent of the body, and that

consequently it is not liable to die with the latter; and, finally,

because no other causes are observed capable of destroying

it, we are naturally led thence to judge that it is immortal.

PART VI

Three years have now elapsed since I finished the treatise

containing all these matters; and I was beginning to revise it,

with the view to put it into the hands of a printer, when I

learned that persons to whom I greatly defer, and whose au-

thority over my actions is hardly less influential than is my
own reason over my thoughts, had condemned a certain doc-

trine in physics, published a short time previously by another

individual,
6 to which I will not say that I adhered, but only

that, previously to their censure, I had observed in it nothing
which I could imagine to be prejudicial either to religion or

to the state, and nothing therefore which would have pre-
vented me from giving expression to it in writing, if reason

had persuaded me of its truth; and this led me to fear lest

among my own doctrines likewise some one might be found

in which I had departed from the truth, notwithstanding the

great care I have always taken not to accord belief to new

opinions of which I had not the most certain demonstrations,

and not to give expression to aught that might tend to the

c Galileo.
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hurt of any one. This has been sufficient to make me alter my
purpose of publishing them; for although the reasons by
which I had been induced to take this resolution were very

strong, yet my inclination, which has always been hostile to

writing books, enabled me immediately to discover other

considerations sufficient to excuse me for not undertaking the

task. And these reasons, on one side and the other, are such,

that not only is it in some measure my interest here to state

them, but that of the public, perhaps, to know them.

I have never made much account of what has proceeded
from my own mind; and so long as I gathered no other ad-

vantage from the method I employ beyond satisfying myself
on some difficulties belonging to the speculative sciences, or

endeavouring to regulate my actions according to the prin-

ciples it taught me, I never thought myself bound to publish

anything respecting it. For in what regards manners, every
one is so full of his own wisdom, that there might be found

as many reformers as heads, if any were allowed to take upon
themselves the task of mending them, except those whom
God has constituted the supreme rulers of his people, or to

whom he has given sufficient grace and zeal to be prophets;
and although my speculations greatly pleased myself, I be-

lieved that others had theirs, which perhaps pleased them still

more. But as soon as I had acquired some general notions re-

specting physics, and beginning to make trial of them in vari-

ous particular difficulties, had observed how far they can

carry us, and how much they differ from the principles that

have been employed up to the present time, I believed that I

could not keep them concealed without sinning grievously

against the law by which we are bound to promote, as far as in

us lies, the general good of mankind. For by them I perceived
it to be possible to arrive at knowledge highly useful in life;

and in room of the speculative philosophy usually taught in

the schools, to discover a practical, by means of which, know-

ing the force and action of fire, water, air, the stars, the heav-

ens, and all the other bodies that surround us, as distinctly as

we know the various crafts of our artisans, we might also

apply them in the same way to all the uses to which they are
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adapted, and thus render ourselves the lords and possessors

of nature. And this is a result to be desired, not only in order

to the invention of an infinity of arts, by which we might be

enabled to enjoy without any trouble the fruits of the earth,

and all its comforts, but also and especially for the preserva-
tion of health, which is without doubt, of all the blessings of

this life, the first and fundamental one; for the mind is so in-

timately dependent upon the condition and relation of the or-

gans of the body, that if any means can ever be found to

render men wiser and more ingenious than hitherto, I believe

that it is in medicine they must be sought for. It is true that

the science of medicine, as it now exists, contains few things
whose utility is very remarkable: but without any wish to

depreciate it, I am confident that there is no one, even among
those whose profession it is, who does not admit that all at

present known in it is almost nothing in comparison of what
remains to be discovered; and that we could free ourselves

from an infinity of maladies of body as well as of mind, and

perhaps also even from the debility of age, if we had suffi-

ciently ample knowledge of their causes, and of all the reme-

dies provided for us by nature. But since I designed to em-

ploy my whole life in the search after so necessary a science,

and since I had fallen in with a path which seems to me such,

that if any one follow it he must inevitably reach the end de-

sired, unless he be hindered either by the shortness of life or

the want of experiments, I judged that there could be no
more effectual provision against these two impediments than

if I were faithfully to communicate to the public all the little

I might myself have found, and incite men of superior genius
to strive to proceed farther, by contributing, each according
to his inclination and ability, to the experiments which it

would be necessary to make, and also by informing the pub-
lic of all they might discover, so that, by the last beginning
where those before them had left off, and thus connecting
the lives and labours of many, we might collectively proceed
much farther than each by himself could do.

I remarked, moreover, with respect to experiments, that

they become always more necessary the more one is advanced
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in knowledge; for, at the commencement, it is better to make
use only of what is spontaneously presented to our senses,

and of which we cannot remain ignorant, provided we be-

stow on it any reflection, however slight, than to concern

ourselves about more uncommon and recondite phenomena:
the reason of which is, that the more uncommon often only
mislead us so long as the causes of the more ordinary are still

unknown; and the circumstances upon which they depend
are almost always so special and minute as to be highly diffi-

cult to detect. But in this I have adopted the following order:

first, I have essayed to find in general the principles, or first

causes of all that is or can be in the world, without taking into

consideration for this end anything but God himself who has

created it, and without educing them from any other source

than from certain germs of truths naturally existing in our

minds. In the second place, I examined what were the first

and most ordinary effects that could be deduced from these

causes; and it appears to me that, in this way, I have found

heavens, stars, an earth, and even on the earth, water, air, fire,

minerals, and some other things of this kind, which of all

others are the most common and simple, and hence the easiest

to know. Afterwards, when I wished to descend to the more

particular, so many diverse objects presented themselves to

me, that I believed it to be impossible for the human mind to

distinguish the forms or species of bodies that are upon the

earth, from an infinity of others which might have been, if

it had pleased God to place them there, or consequently to

apply them to our use, unless we rise to causes through their

effects, and avail ourselves of many particular experiments.

Thereupon, turning over in my mind all the objects that had

ever been presented to my senses, I freely venture to state

that I have never observed any which I could not satisfac-

torily explain by the principles I had discovered. But it is

necessary also to confess that the power of nature is so ample
and vast, and these principles so simple and general, that I

have hardly observed a single particular effect which I can-

not at once recognise as capable of being deduced in many
different modes from the principles, and that :ny greatest
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difficulty usually is to discover in which of these modes the

effect is dependent upon them; for out of this difficulty I

cannot otherwise extricate myself than by again seeking cer-

tain experiments, which may be such that their result is not

the same, if it is in the one of these modes that we must ex-

plain it, as it would be if it were to be explained in the other.

As to what remains, I am now in a position to discern, as I

think, with sufficient clearness what course must be taken to

make the majority of those experiments which may conduce

to this end: but I perceive likewise that they are such and so

numerous, that neither my hands nor my income, though it

were a thousand times larger than it is, would be sufficient for

them all; so that, according as henceforward I shall have the

means of making more or fewer experiments, I shall in the

same proportion make greater or less progress in the knowl-

edge of nature. This was what I had hoped to make known

by the treatise I had written, and so clearly to exhibit the ad-

vantage that would thence accrue to the public, as to induce

all who have the common good of man at heart, that is, all

who are virtuous in truth, and not merely in appearance, or

according to opinion, as well to communicate to me the ex-

periments they had already made, as to assist me in those that

remain to be made.

But since that time other reasons have occurred to me, by
which I have been led to change my opinion, and to think that

I ought indeed to go on committing to writing all the results

which I deemed of any moment, as soon as I should have

tested their truth, and to bestow the same care upon them as

I would have done had it been my design to publish them.

This course commended itself to me, as well because I thus

afforded myself more ample inducement to examine them

thoroughly, for doubtless that is always more narrowly scru-

tinised which we believe will be read by many, than that

which is written merely for our private use (and frequently
what has seemed to me true when I first conceived it, has

appeared false when I have set about committing it to writ-

ing), as because I thus lost no opportunity of advancing the

interests of the public, as far as in me lay, and since thus like-
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wise, if my writings possess any value, those into whose hands

they may fall after my death may be able to put them to what
use they deem proper. But I resolved by no means to consent

to their publication during my lifetime, lest either the opposi-
tions or the controversies to which they might give rise, or

even the reputation, such as it might be, which they would ac-

quire for me, should be any occasion of my losing the time

that I had set apart for my own improvement. For though it

be true that every one is bound to promote to the extent of his

ability the good of others, and that to be useful to no one is

really to be worthless, yet it is likewise true that our cares

ought to extend beyond the present; and it is good to omit

doing what might perhaps bring some profit to the living,

when we have in view the accomplishment of other ends that

will be of much greater advantage to posterity. And in truth,

I am quite willing it should be known that the little I have

hitherto learned is almost nothing in comparison with that

of which I am ignorant, and to the knowledge of which I do

not despair of being able to attain; for it is much the same

with those who gradually discover truth in the sciences, as

with those who when growing rich find less difficulty in mak-

ing great acquisitions, than they formerly experienced when

poor in making acquisitions of much smaller amount. Or

they may be compared to the commanders of armies, whose
forces usually increase in proportion to their victories, and

who need greater prudence to keep together the residue of

their troops after a defeat than after a victory to take towns

and provinces. For he truly engages in battle who endeavours

to surmount all the difficulties and errors which prevent him

from reaching the knowledge of truth, and he is overcome in

fight who admits a false opinion touching a matter of any

generality and importance, and he requires thereafter much
more skill to recover his former position than to make great
advances when once in possession of thoroughly ascertained

principles. As for myself, if I have succeeded in discovering

any truths in the sciences (and I trust that what is contained

in this volume will show that I have found some), I can de-

clare that they are but the consequences and results of five or
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six principal difficulties which I have surmounted, and my en-

counters with which I reckoned as battles in which victory
declared for me. I will not hesitate even to avow my belief

that nothing further is wanting to enable me fully to realise

my designs than to gain two or three similar victories; and that

I am not so far advanced in years but that, according to the

ordinary course of nature, I may still have sufficient leisure

for this end. But I conceive myself the more bound to husband

the time that remains the greater my expectation of being able

to employ it aright, and I should doubtless have much to rob

me of it, were I to publish the principles of my physics: for

although they are almost all so evident that to assent to them
no more is needed than simply to understand them, and al-

though there is not one of them of which I do not expect to

be able to give demonstration, yet, as it is impossible that they
can be in accordance with all the diverse opinions of others, I

foresee that I should frequently be turned aside from my
grand design, on occasion of the opposition which they
would be sure to awaken.

It may be said, that these oppositions would be useful both

in making me aware of my errors, and, if my speculations
contain anything of value, in bringing others to a fuller under-

standing of it; and still farther, as many can see better than

one, in leading others who are now beginning to avail them-

selves of my principles, to assist me in turn with their dis-

coveries. But though I recognise my extreme liability to error,

and scarce ever trust to the first thoughts which occur to me,

yet the experience I have had of possible objections to my
views prevents me from anticipating any profit from them.

For I have already had frequent proof of the judgments, as

well of those I esteemed friends, as of some others to whom
I thought I was an object of indifference, and even of some
whose malignity and envy would, I knew, determine them to

endeavour to discover what partiality concealed from the eyes
of my friends. But it has rarely happened that anything has

been objected to me which I had myself altogether over-

looked, unless it were something far removed from the sub-

ject: so that I have never met with a single critic of my
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opinions who did not appear to me either less rigorous or less

equitable than myself. And further, I have never observed

that any truth before unknown has been brought to light by
the disputations that are practised in the schools; for while

each strives for the victory, each is much more occupied in

making the best of mere verisimilitude, than in weighing the

reasons on both sides of the question; and those who have

been long good advocates are not afterwards on that account

the better judges.
As for the advantage that others would derive from the

communication of my thoughts, it could not be very great;

because I have not yet so far prosecuted them as that much
does not remain to be added before they can be applied to

practice. And I think I may say without vanity, that if there

is any one who can carry them out that length, it must be

myself rather than another: not that there may not be in the

world many minds incomparably superior to mine, but be-

cause one cannot so well seize a thing and make it one's own,
when it has been learned from another, as when one has him-

self discovered it. And so true is this of the present subject

that, though I have often explained some of my opinions to

persons of much acuteness, who, whilst I was speaking, ap-

peared to understand them very distinctly, yet, when they

repeated them, I have observed that they almost always

changed them to such an extent that I could no longer ac-

knowledge them as mine. I am glad, by the way, to take this

opportunity of requesting posterity never to believe on hear-

say that anything has proceeded from me which has not been

published by myself; and I am not at all astonished at the ex-

travagances attributed to those ancient philosophers whose

own writings we do not possess; whose thoughts, however,
I do not on that account suppose to have been really absurd,

seeing they were among the ablest men of their times, but

only that these have been falsely represented to us. It is ob-

servable, accordingly, that scarcely in a single instance has

any one of their disciples surpassed them; and I am quite sure

that the most devoted of the present followers of Aristotle

would think themselves happy if they had as much knowl-



210 RENE DESCARTES

edge of nature as he possessed, were it even under the condi-

tion that they should never afterwards attain to higher. In this

respect they are like the ivy which never strives to rise above

the tree that sustains it, and which frequently even returns

downwards when it has reached the top; for it seems to me
that they also sink, in other words, render themselves less

wise than they would be if they gave up study, who, not

contented with knowing all that is intelligibly explained in

their author, desire in addition to find in him the solution of

many difficulties of which he says not a word, and never per-

haps so much as thought. Their fashion of philosophising,

however, is well suited to persons whose abilities fall below

mediocrity; for the obscurity of the distinctions and prin-

ciples of which they make use enables them to speak of all

things with as much confidence as if they really knew them,

and to defend all that they say on any subject against the

most subtle and skilful, without its being possible for any one

to convict them of error. In this they seem to me to be like a

blind man, who, in order to fight on equal terms with a person
that sees, should have made him descend to the bottom of an

intensely dark cave: and I may say that such persons have an

interest in my refraining from publishing the principles of

the philosophy of which I make use; for, since these are of a

kind the simplest and most evident, I should, by publishing

them, do much the same as if I were to throw open the win-

dows, and allow the light of day to enter the cave into which

the combatants had descended. But even superior men have

no reason for any great anxiety to know these principles, for

if what they desire is to be able to speak of all things, and to

acquire a reputation for learning, they will gain their end

more easily by remaining satisfied with the appearance of

truth, which can be found without much difficulty in all

sorts of matters, than by seeking the truth itself which un-

folds itself but slowly and that only in some departments,
while it obliges us, when we have to speak of others, freely
to confess our ignorance. If, however, they prefer the knowl-

edge of some few truths to the vanity of appearing ignorant
of none, as such knowledge is undoubtedly much to be pre-
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ferred, and, if they choose to follow a course similar to mine,

they do not require for this that I should say anything more
than I have already said in this discourse. For if they are

capable of making greater advancement than I have made,

they will much more be able of themselves to discover all

that I believe myself to have found; since as I have never

examined aught except in order, it is certain that what yet
remains to be discovered is in itself more difficult and recon-

dite, than that which I have already been enabled to find, and

the gratification would be much less in learning it from me
than in discovering it for themselves. Besides this, the habit

which they will acquire, by seeking first what is easy, and

then passing onward slowly and step by step to the more dif-

ficult, will benefit them more than all my instructions. Thus,
in my own case, I am persuaded that if I had been taught
from my youth all the truths of which I have since sought
out demonstrations, and had thus learned them without

labour, I should never, perhaps, have known any beyond
these; at least, I should never have acquired the habit and the

facility which I think I possess in always discovering new
truths in proportion as I give myself to the search. And, in a

single word, if there is any work in the world which cannot

be so well finished by another as by him who has com-
menced it, it is that at which I labour.

It is true, indeed, as regards the experiments which may
conduce to this end, that one man is not equal to the task of

making them all; but yet he can advantageously avail himself,

in this work, of no hands besides his own, unless those of

artisans, or parties of the same kind, whom he could pay, and

whom the hope of gain (a means of great efficacy) might
stimulate to accuracy in the performance of what was pre-
scribed to them. For as to those who, through curiosity or a

desire of learning, of their own accord, perhaps, offer him
their services, besides that in general their promises exceed

their performance, and that they sketch out fine designs of

which not one is ever realised, they will, without doubt, ex-

pect to be compensated for their trouble by the explication
of some difficulties, or, at least, by compliments and useless
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speeches, in which he cannot spend any portion of his time

without loss to himself. And as for the experiments that

others have already made, even although these parties should

be willing of themselves to communicate them to him (which
is what those who esteem them secrets will never do), the

experiments are, for the most part, accompanied with so

many circumstances and superfluous elements, as to make it

exceedingly difficult to disentangle the truth from its ad-

juncts; besides, he will find almost all of them so ill de-

scribed, or even so false (because those who made them have

wished to see in them only such facts as they deemed con-

formable to their principles), that, if in the entire number
there should be some of a nature suited to his purpose, still

their value could not compensate for the time what would be

necessary to make the selection. So that if there existed any
one whom we assuredly knew to be capable of making dis-

coveries of the highest kind, and of the greatest possible

utility to the public; and if all other men were therefore eager

by all means to assist him in successfully prosecuting his de-

signs, I do not see that they could do aught else for him

beyond contributing to defray the expenses of the experi-
ments that might be necessary; and for the rest, prevent his

being deprived of his leisure by the unseasonable interruptions
of any one. But besides that I neither have so high an opinion
of myself as to be willing to make promise of anything ex-

traordinary, nor feed on imaginations so vain as to fancy that

the public must be much interested in my designs; I do not, on
the other hand, own a soul so mean as to be capable of ac-

cepting from any one a favour of which it could be supposed
that I was unworthy.
These considerations taken together were the reason why,

for the last three years, I have been unwilling to publish the

treatise I had on hand, and why I even resolved to give

publicity during my life to no other that was so general, or by
which the principles of my physics might be understood. But

since then, two other reasons have come into operation that

have determined me here to subjoin some particular speci-

mens, and give the public some account of my doings and de-
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signs. Of these considerations, the first is, that if I failed to

do so, many who were cognisant of my previous intention to

publish some writings, might have imagined that the reasons

which induced me to refrain from so doing, were less to my
credit than they really are; for although I am not immod-

erately desirous of glory, or even, if I may venture so to say,

although I am averse from it in so far as I deem it hostile to

repose which I hold in greater account than aught else, yet,
at the same time, I have never sought to conceal my actions

as if they were crimes, nor made use of many precautions that

I might remain unknown; and this partly because I should

have thought such a course of conduct a wrong against my-
self, and partly because it would have occasioned me some
sort of uneasiness which would again have been contrary to

the perfect mental tranquillity which I court. And forasmuch

as, while thus indifferent to the thought alike of fame or of

forgetfulness, I have yet been unable to prevent myself from

acquiring some sort of reputation, I have thought it in-

cumbent on me to do my best to save myself at least from

being ill-spoken of. The other reason that has determined me
to commit to writing these specimens of philosophy is, that I

am becoming daily more and more alive to the delay which

my design of self-instruction suffers, for want of the infinity

of experiments I require, and which it is impossible for me to

make without the assistance of others: and, without flattering

myself so much as to expect the public to take a large share

in my interests, I am yet unwilling to be found so far wanting
in the duty I owe to myself, as to give occasion to those who
shall survive me to make it matter of reproach against me some

day, that I might have left them many things in a much more

perfect state than I have done, had I not too much neglected
to make them aware of the ways in which they could have

promoted the accomplishment of my designs.

And I thought that it was easy for me to select some mat-

ters which should neither be obnoxious to much controversy,
nor should compel me to expound more of my principles than

I desired, and which should yet be sufficient clearly to exhibit

what I can or cannot accomplish in the sciences. Whether or
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not I have succeeded in this it is not for me to say; and I do

not wish to forestall the judgments of others by speaking

myself of my writings; but it will gratify me if they be

examined, and, to afford the greater inducement to this, I

request all who may have any objections to make to them, to

take the trouble of forwarding these to my publisher, who
will give me notice of them, that I may endeavour to subjoin
at the same time my reply; and in this way readers seeing both

at once will more easily determine where the truth lies; for I

do not engage in any case to make prolix replies, but only with

perfect frankness to avow my errors if I am convinced of

them, or if I cannot perceive them, simply to state what I

think is required for defence of the matters I have written,

adding thereto no explication of any new matter that it may
not be necessary to pass without end from one thing to an-

other.

If some of the matters of which I have spoken in the be-

ginning of the "Dioptrics" and "Meteorics" should offend at

first sight, because I call them hypotheses and seem indifferent

about giving proof of them, I request a patient and attentive

reading of the whole, from which I hope those hesitating will

derive satisfaction; for it appears to me that the reasonings
are so mutually connected in these treatises, that, as the last are

demonstrated by the first which are their causes, the first are

in their turn demonstrated by the last which are their effects.

Nor must it be imagined that I here commit the fallacy which

the logicians call a circle; for since experience renders the

majority of these effects most certain, the causes from which
I deduce them do not serve so much to establish their reality

as to explain their existence; but on the contrary, the reality

of the causes is established by the reality of the effects. Nor
have I called them hypotheses with any other end in view

except that it may be known that I think I am able to deduce

them from those first truths which I have already expounded;
and yet that I have expressly determined not to do so, to pre-
vent a certain class of minds from thence taking occasion

to build some extravagant philosophy upon what they may
take to be my principles, and my being blamed for it. I refer
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to those who imagine that they can master in a day all that

another has taken twenty years to think out, as soon as he

has spoken two or three words to them on the subject; or who
are the more liable to error and the less capable of perceiving
truth in very proportion as they are more subtle and lively.

As to the opinions which are truly and wholly mine, I offer

no apology for them as new, persuaded as I am that if their

reasons be well considered they will be found to be so simple
and so conformed to common sense as to appear less extraor-

dinary and less paradoxical than any others which can be held

on the same subjects; nor do I even boast of being the earliest

discoverer of any of them, but only of having adopted them,
neither because they had nor because they had not been held

by others, but solely because reason has convinced me of their

truth.

Though artisans may not be able at once to execute the in-

vention which is explained in the "Dioptrics," I do not think

that any one on that account is entitled to condemn it; for

since address and practice are required in order so to make
and adjust the machines described by me as not to overlook

the smallest particular, I should not be less astonished if they
succeeded on the first attempt than if a person were in one

day to become an accomplished performer on the guitar, by
merely having excellent sheets of music set up before him.

And if I write in French, which is the language of my coun-

try, in preference to Latin, which is that of my preceptors, it

is because I expect that those who make use of their un-

prejudiced natural reason will be better judges of my opinions
than those who give heed to the writings of the ancients

only; and as for those who unite good sense with habits of

study, whom alone I desire for judges, they will not, I feel

assured, be so partial to Latin as to refuse to listen to my
reasonings merely because I expound them in the vulgar

tongue.
In conclusion, I am unwilling here to say anything very

specific of the progress which I expect to make for the future

in the sciences, or to bind myself to the public by any promise
which I am not certain of being able to fulfil; but this only
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will I say, that I have resolved to devote what time I may still

have to live to no other occupation than that of endeavouring
to acquire some knowledge of Nature, which shall be of such

a kind as to enable us therefrom to deduce rules in medicine

of greater certainty than those at present in use; and that my
inclination is so much opposed to all other pursuits, especially
to such as cannot be useful to some without being hurt-

ful to others, that if, by any circumstances, I had been con-

strained to engage in such, I do not believe that I should have

been able to succeed. Of this I here make a public declaration,

though well aware that it cannot serve to procure for me any
consideration in the world, which, however, I do not in the

least affect; and I shall always hold myself more obliged to

those through whose favour I am permitted to enjoy my re-

tirement without interruption than to any who might offer me
the highest earthly preferments.
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Science -was the means by which Auguste Comte, the foundei
of Positivism, studied the organism of society. The laws of

mathematics, astronomy, physics, chemistry and biology ex-

isted for him as mere contributions to the establishment of a

science of society whose ultimate goal was to be service to

humanity. Comte's chief emphasis was on the laws of natural

phenomena rather than on causes, and all ideas were valid by
the test of usefulness in the physical and social world. Before

he arrived at the formulation of his Religion of Humanity,
the French philosopher subjected each field of inquiry to

what he called the "Law of Three Stages," which were, in

the order of the importance attached to them by Comte, theo-

logical, metaphysical and positive. The first was an explana-
tion of facts and events by supernatural means; the second,

by the abstract, and the third, by explicable cause and effect.

Influential in the nineteenth century, Positivism attracted men
like John Stuart Mill and Herbert Spencer, and today, even

if it is not recognized with high favor by specialists in science,

it remains a designation for a kind of faith in the co-ordinated

sciences as an effective social instrument.



THE POSITIVE PHILOSOPHY

AUGUSTE COMTE

A general statement of any system of philosophy may be
either a sketch of a doctrine to be established, or a summary
of a doctrine already established. If greater value belongs to

the last, the first is still important, as characterizing from its

origin the subject to be treated. In a case like the present,
\vhere the proposed study is vast and hitherto indeterminate,
it is especially important that the field of research should be
marked out with all possible accuracy. For this purpose, I

will glance at the considerations which have originated this

work, and which will be fully elaborated in the course of it.

In order to understand the true value and character of the

Positive Philosophy, we must take a brief general view of the

progressive course of the human mind, regarded as a whole;
for no conception can be understood otherwise than through
its history.
From the study of the development of human intelligence,

in all directions, and through all times, the discovery arises of

a great fundamental law, to "which it is necessarily subject,
and "which has a solid foundation of proof, both in the facts of

our organization and in our historical experience. The law is

this: that each of our leading conceptions, each branch of

our knowledge, passes successively through three different

theoretical conditions: the Theological, or fictitious; the Meta-

physical, or abstract; and the Scientific, or positive. In other

words, the human mind, by its nature, employs in its progress

219
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three methods of philosophizing, the character of which is

essentially different, and even radically opposed: viz., the

theological method, the metaphysical, and the positive. Hence
arise three philosophies, or general systems of conceptions on

the aggregate of phenomena, each of which excludes the

others. The first is the necessary point of departure of the

human understanding; and the third is its fixed and definitive

state. The second is merely a state of transition.

In the theological state, the human mind, seeking the essen-

tial nature of beings, the first and final causes (the origin and

purpose) of all effects, in short, Absolute knowledge,

supposes all phenomena to be produced by the immediate

action of supernatural beings.
In the metaphysical state, which is only a modification of

the first, the mind supposes, instead of supernatural beings,
abstract forces, veritable entities (that is, personified abstrac-

tions) inherent in all beings, and capable of producing all

phenomena. What is called the explanation of phenomena is,

in this stage, a mere reference of each to its proper entity.

In the final, the positive state, the mind has given over the

vain search after Absolute notions, the origin and destination

of the universe, and the causes of phenomena, and applies it-

self to the study of their laws, that is, their invariable rela-

tions of succession and resemblance. Reasoning and observa-

tion, duly combined, are the means of this knowledge. What
is now understood when we speak of an explanation of facts

is simply the establishment of a connection between single

phenomena and some general facts, the number of which con-

tinually diminishes with the progress of science.

The Theological system arrived at the highest perfection
of which it is capable when it substituted the providential
action of a single Being for the varied operations of the

numerous divinities which had been before imagined. In the

same way, in the last stage of the Metaphysical system, men
substitute one great entity (Nature) as the cause of all phe-
nomena, instead of the multitude of entities at first supposed.
In the same way, again, the ultimate perfection of the Positive

system would be (if such perfection could be hoped for) to
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represent all phenomena as particular aspects of a single gen-
eral fact; such as Gravitation, for instance.

The importance of the working of this general law will be

established hereafter. At present, it must suffice to point out

some of the grounds of it.

There is no science which, having attained the positive

stage, does not bear marks of having passed through the

others. Some time since it was (whatever it might be) com-

posed, as we can now perceive, of metaphysical abstractions;

and, further back in the course of time, it took its form from

theological conceptions. We shall have only too much occa-

sion to see, as we proceed, that our most advanced sciences

still bear very evident marks of the two earlier periods

through which they have passed.
The progress of the individual mind is not only an illus-

tration, but an indirect evidence of that of the general mind.

The point of departure of the individual and of the race being
the same, the phases of the mind of a man correspond to the

epochs of the mind of the race. Now, each of us is aware, if

he looks back upon his own history, that he was a theologian
in his childhood, a metaphysician in his youth, and a natural

philosopher in his manhood. All men who are up to their

age can verify this for themselves.

Besides the observation of facts, we have theoretical rea-

sons in support of this law.

The most important of these reasons arises from the ne-

cessity that always exists for some theory to which to refer

our facts, combined with the clear impossibility that, at the

outset of human knowledge, men could have formed theories

out of the observation of facts. All good intellects have re-

peated, since Bacon's time, that there can be no real knowl-

edge but that which is based on observed facts. This is in-

contestable, in our present advanced stage; but, if we look

back to the primitive stage of human knowledge, we shall

see that it must have been otherwise then. If it is true that

every theory must be based upon observed facts, it is equally
true that facts cannot be observed without the guidance of

some theory. Without such guidance, our facts would be
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desultory and fruitless; we could not retain them: for the

most part we could not even perceive them.

Thus, between the necessity of observing facts in order to

form a theory, and having a theory in order to observe facts,

the human mind would have been entangled in a vicious

circle, but for the natural opening afforded by Theological

conceptions. This is the fundamental reason for the theologi-

cal character of the primitive philosophy. This necessity is

confirmed by the perfect suitability of the theological phi-

losophy to the earliest researches of the human mind. It is

remarkable that the most inaccessible questions, those of

the nature of beings, and the origin and purpose of phe-
nomena, should be the first to occur in a primitive state,

while those which are really within our reach are regarded
as almost unworthy of serious study. The reason is evident

enough: that experience alone can teach us the measure of

our powers; and if men had not begun by an exaggerated
estimate of what they can do, they would never have done

all that they are capable of. Our organization requires this.

At such a period there could have been no reception of a

positive philosophy, whose function is to discover the laws

of phenomena, and whose leading characteristic it is to re-

gard as interdicted to human reason those sublime mysteries
which theology explains, even to their minutest details, with

the most attractive facility. It is just so under a practical view

of the nature of the researches with which men first occupied
themselves. Such inquiries offered the powerful charm of

unlimited empire over the external world, a world destined

wholly for our use, and involved in every way with our

existence. The theological philosophy, presenting this view,

administered exactly the stimulus necessary to incite the hu-

man mind to the irksome labour without which it could make
no progress. We can now scarcely conceive of such a state of

things, our reason having become sufficiently mature to enter

upon laborious scientific researches, without needing any
such stimulus as wrought upon the imaginations of astrologers

and alchemists. We have motive enough in the hope of dis-

covering the laws of phenomena, with a view to the con-
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firmation or rejection of a theory. But it could not be so in

the earliest days; and it is to the chimeras of astrology and

alchemy that we owe the long series of observations and

experiments on which our positive science is based. Kepler
felt this on behalf of astronomy, and Berthollet on behalf of

chemistry. Thus was a spontaneous philosophy, the theologi-

cal, the only possible beginning, method, and provisional

system, out of which the Positive philosophy could grow. It

is easy, after this, to perceive how Metaphysical methods and

doctrines must have afforded the means of transition from
the one to the other.

The human understanding, slow in its advance, could not

step at once from the theological into the positive philosophy.
The two are so radically opposed, that an intermediate system
of conceptions has been necessary to render the transition

possible. It is only in doing :his, that Metaphysical con-

ceptions have any utility whatever. In contemplating phe-
nomena, men substitute for supernatural direction a cor-

responding entity. This entity may have been supposed to

be derived from the supernatural action: but it is more easily

lost sight of, leaving attention free for the facts themselves,

till, at length, metaphysical agents have ceased to be anything
more than the abstract names of phenomena. It is not easy
to say by what other process than this our minds could have

passed from supernatural considerations to natural; from the

theological system to the positive.

The Law of human development being thus established, let

us consider what is the proper nature of the Positive Phi-

losophy.
As we have seen, the first characteristic of the Positive

Philosophy is that it regards all phenomena as subjected to

invariable natural Laws. Our business is, seeing how vain is

any research into what are called Causes, whether first or

final, to pursue an accurate discovery of these Laws, with

a view to reducing them to the smallest possible number. By
speculating upon causes, we could solve no difficulty about

origin and purpose. Our real business is to analyse accurately

the circumstances of phenomena, and to connect them by the
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natural relations of succession and resemblance. The best

illustration of this is in the case of the doctrine of Gravita-

tion. We say that the general phenomena of the universe are

explained by it, because it connects under one head the whole

immense variety of astronomical facts; exhibiting the constant

tendency of atoms towards each other in direct proportion to

their masses, and in inverse proportion to the squares of their

distances; whilst the general fact itself is a mere extension of

one which is perfectly familiar to us, and which we therefore

say that we know; the weight of bodies on the surface of

the earth. As to what weight and attraction are, we have

nothing to do with that, for it is not a matter of knowledge
at all. Theologians and metaphysicians may imagine and re-

fine about such questions; but positive philosophy rejects

them. When any attempt has been made to explain them, it

has ended only in saying that attraction is universal weight,
and that weight is terrestrial attraction: that is, that the two

orders of phenomena are identical; which is the point from

which the question set out. Again, M. Fourier, in his fine

series of researches on Heat, has given us all the most im-

portant and precise laws of the phenomena of heat, and many
large and new truths, without once inquiring into its nature,

as his predecessors had done when they disputed about

calorific matter and the action of an universal ether. In treat-

ing his subject in the Positive method, he finds inexhaustible

material for all his activity of research, without betaking him-

self to insoluble questions.
Before ascertaining the stage which the Positive Philosophy

has reached, we must bear in mind that the different kinds of

our knowledge have passed through the three stages of

progress at different rates, and have not therefore arrived at

the same time. The rate of advance depends on the nature of

the knowledge in question, so distinctly that, as we shall see

hereafter, this consideration constitutes an accessory to the

fundamental law of progress. Any kind of knowledge reaches

the positive stage early in proportion to its generality, sim-

plicity, and independence of other departments. Astronomi-

cal science, which is above all made up of facts that are
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general, simple, and independent of other sciences, arrived

first; then terrestrial Physics; then Chemistry; and, at length,

Physiology.
It is difficult to assign any precise date to this revolution in

science. It may be said, like everything else, to have been al-

ways going on; and especially since the labours of Aristotle

and the school of Alexandria; and then from the introduction

of natural science into the West of Europe by the Arabs. But,
if we must fix upon some marked period, to serve as a rallying

point, it must be that, about two centuries ago, when the

human mind was astir under the precepts of Bacon, the con-

ceptions of Descartes, and the discoveries of Galileo. Then it

was that the spirit of the Positive philosophy rose up in op-

position to that of the superstitious and scholastic systems
which had hitherto obscured the true character of all science.

Since that date, the progress of the Positive philosophy, and

the decline of the other two, have been so marked that no

rational mind now doubts that the revolution is destined to

go on to its completion, every branch of knowledge being,
sooner or later, brought within the operation of Positive

philosophy. This is not yet the case. Some are still lying
outside: and not till they are brought in will the Positive

philosophy possess that character of universality which is

necessary to its definitive constitution.

In mentioning just now the four principal categories of

phenomena, astronomical, physical, chemical, and physio-

logical, there was an omission which will have been noticed.

Nothing was said of Social phenomena. Though involved with

the physiological, Social phenomena demand a distinct classi-

fication, both on account of their importance and of their

difficulty. They are the most individual, the most complicated,
the most dependent on all others; and therefore they must be

the latest, even if they had no special obstacle to encounter.

This branch of science has not hitherto entered into the do-

main of Positive philosophy. Theological and metaphysical

methods, exploded in other departments, are as yet exclu-

sively applied, both in the way of inquiry and discussion, in

all treatment of Social subjects, though the best minds are
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heartily weary of eternal disputes about divine right and the

sovereignty of the people. This is the great, while it is evi-

dently the only gap which has to be filled, to constitute, solid

and entire, the Positive Philosophy. Now that the human
mind has grasped celestial and terrestrial physics, mechani-

cal and chemical; organic physics, both vegetable and ani-

mal, there remains one science, to fill up the series of

sciences of observation, Social physics. This is what men
have now most need of: and this it is the principal aim of the

present work to establish.

It would be absurd to pretend to offer this new science at

once in a complete state. Others, less new, are in very un-

equal conditions of forwardness. But the same character of

positivity which is impressed on all the others will be shown

to belong to this. This once done, the philosophical system
of the moderns will be in fact complete, as there will then be

no phenomenon which does not naturally enter into some one

of the five great categories. All our fundamental conceptions

having become homogeneous, the Positive state will be fully

established. It can never again change its character, though it

will be for ever in course of development by additions of new

knowledge. Having acquired the character of universality
which has hitherto been the only advantage resting with the

two preceding systems, it will supersede them by its natural

superiority, and leave to them only an historical existence.

We have stated the special aim of this work. Its secondary
and general aim is this: to review what has been effected in

the Sciences, in order to show that they are not radically

separate, but all branches from the same trunk. If we had

confined ourselves to the first and special object of the work,
we should have produced merely a study of Social physics:

whereas, in introducing the second and general we offer a

study of Positive philosophy, passing in review all the positive
sciences already formed.

The purpose of this work is not to give an account of the

Natural Sciences. Besides that it would be endless, and that

it would require a scientific preparation such as no one man

possesses, it would be apart from our object, which is to go
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through a course of not Positive Science, but Positive Phi-

losophy. We have only to consider each fundamental science

in its relation to the whole positive system, and to the spirit

which characterizes it; that is, with regard to its methods and
its chief results.

The two aims, though distinct, are inseparable; for, on the

one hand, there can be no positive philosophy without a basis

of social science, without which it could not be all-compre-
hensive/and, on the other hand, we could not pursue Social

science without having been prepared by the study of phe-
nomena less complicated than those of society, and furnished

with a knowledge of laws and anterior facts which have a

bearing upon social science. Though the fundamental sciences

are not all equally interesting to ordinary minds, there is no

one of them that can be neglected in an inquiry like the

present; and, in the eye of philosophy, all are of equal value

to human welfare. Even those which appear the least inter-

esting have their own value, either on account of the perfec-
tion of their methods, or as being the necessary basis of all

the others.

Lest it should be supposed that our course will lead us into

a wilderness of such special studies as are at present the bane

of a true positive philosophy, we will briefly advert to the

existing prevalence of such special pursuit. In the primitive
state of human knowledge there is no regular division of

intellectual labour. Every student cultivates all the sciences.

As knowledge accrues, the sciences part off; and students

devote themselves each to some one branch. It is owing to

this division of employment, and concentration of whole

minds upon a single department, that science has made so

prodigious an advance in modern times; and the perfection
of this division is one of the most important characteristics

of the Positive philosophy. But, while admitting all the merits

of this change, we cannot be blind to the eminent disadvan-

tages which arise from the limitation of minds to a particular

study. It is inevitable that each should be possessed with

exclusive notions, and be therefore incapable of the general

superiority of ancient students, who actually owed that gen-
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eral superiority to the inferiority of their knowledge. We
must consider whether the evil can be avoided without losing
the good of the modern arrangement; for the evil is becoming

urgent. We all acknowledge that the divisions established for

the convenience of scientific pursuit are radically artificial;

and yet there are very few who can embrace in idea the

whole of any one science: each science moreover being itself

only a part of a great whole. Almost every one is busy about

his own particular section, without much thought about its

relation to the general system of positive knowledge. We
must not be blind to the evil, nor slow in seeking a remedy.
We must not forget that this is the weak side of the positive

philosophy, by which it may yet be attacked, with some hope
of success, by the adherents of the theological and metaphysi-
cal systems. As to the remedy, it certainly does not lie in a

return to the ancient confusion of pursuits, which would be

mere retrogression, if it were possible, which it is not. It lies

in perfecting the division of employments itself, in carrying
it one degree higher, in constituting one more speciality
from the study of scientific generalities. Let us have a new
class of students, suitably prepared, whose business it shall be

to take the respective sciences as they are, determine the

spirit of each, ascertain their relations and mutual connection,

and reduce their respective principles to the smallest number
of general principles, in conformity with the fundamental

rules of the Positive Method. At the same time, let other

students be prepared for their special pursuit by an educa-

tion which recognizes the whole scope of positive science, so

as to profit by the labours of the students of generalities, and

so as to correct reciprocally, under that guidance, the results

obtained by each. We see some approach already to this ar-

rangement. Once established, there would be nothing to ap-

prehend from any extent of division of employments. When
we once have a class of learned men, at the disposal of all

others, whose business it shall be to connect each new discov-

ery with the general system, we may dismiss all fear of the

great whole being lost sight of in the pursuit of the details

of knowledge. The organization of scientific research will
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then be complete; and it will henceforth have occasion only
to extend its development, and not to change its character.

After all, the formation of such a new class as is proposed
would be merely an extension of the principle which has

created all the classes we have. While science was narrow,
there was only one class: as it expanded, more were instituted.

With a further advance a fresh need arises, and this new class

will be the result.

The general spirit of a course of Positive Philosophy having
been thus set forth, we must now glance at the chief advan-

tages which may be derived, on behalf of human progression,
from the study of it. Of these advantages, four may be espe-

cially pointed out.

<*% I. The study of the Positive Philosophy affords the only
rational means of exhibiting the logical laws of the human

mind, which have hitherto been sought by unfit methods. To

explain what is meant by this, we may refer to a saying of

M. de Blainville, in his work on Comparative Anatomy, that

every active, and especially every living being, may be re-

garded under two relations the Statical and the Dynamical;
that is, under conditions or in action. It is clear that all con-

siderations range themselves under the one or the other of

these heads. Let us apply this classification to the intellectual

functions.

If we regard these functions under their Statical aspect
that is, if we consider the conditions under which they exist

we must determine the organic circumstances of the case,

which inquiry involves it with anatomy and physiology. If

we look at the Dynamic aspect, we have to study simply the

exercise and results of the intellectual powers of the human

race, which is neither more nor less than the general object
of the Positive Philosophy. In short, looking at all scientific

theories as so many great logical facts, it is only by the thor-

ough observation of these facts that we can arrive at the

knowledge of logical laws. These being the only means of
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knowledge of intellectual phenomena, the illusory psychol-

ogy, which is the last phase of theology, is excluded. It pre-
tends to accomplish the discovery of the laws of the human
mind by contemplating it in itself; that is, by separating it

from causes and effects. Such an attempt, made in defiance

of the physiological study of our intellectual organs, and of

the observation of rational methods of procedure, cannot

succeed at this time of day.
The Positive Philosophy, which has been rising since the

time of Bacon, has now secured such a preponderance, that

the metaphysicians themselves profess to ground their pre-
tended science on an observation of facts. They talk of ex-

ternal and internal facts, and say that their business is with

the latter. This is much like saying that vision is explained by
luminous objects painting their images upon the retina. To
this the physiologists reply that another eye would be needed

to see the image. In the same manner, the mind may observe

all phenomena but its own. It may be said that a man's intel-

lect may observe his passions, the seat of the reason being
somewhat apart from that of the emotions in the brain; but

there can be nothing like scientific observation of the pas-

sions, except from without, as the stir of the emotions disturbs

the observing faculties more or less. It is yet more out of the

question to make an intellectual observation of intellectual

processes. The observing and observed organs are here the

same, and its action cannot be pure and natural. In order to

observe, your intellect must pause from activity; yet it is this

very activity that you want to observe. If you cannot effect

the pause, you cannot observe: if you do effect it, there is

nothing to observe. The results of such a method are in pro-

portion to its absurdity. After two thousand years of psycho-

logical pursuit, no one proposition is established to the satis-

faction of its followers. They are divided, to this day, into

a multitude of schools, still disputing about the very elements

of their doctrine. This interior observation gives birth to

almost as many theories as there are observers. We ask in

vain for any one discovery, great or small, which has been

made under this method. The psychologists have done some
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good in keeping up the activity of our understandings, when
there was no better work for our faculties to do; and they

may have added something to our stock of knowledge. If

they have done so, it is by practising the Positive method by
observing the progress of the human mind in the light of

science; that is, by ceasing, for the moment, to be psycholo-

gists.

The view just given in relation to logical Science becomes

yet more striking when we consider the logical Art.

The Positive Method can be judged of only in action. It

cannot be looked at by itself, apart from the work on which

it is employed. At all events, such a contemplation would be

only a dead study, which could produce nothing in the mind
which loses time upon it. We may talk for ever about the

method, and state it in terms very wisely, without knowing
half so much about it as the man who has once put it in prac-
tice upon a single particular of actual research, even without

any philosophical intention. Thus it is that psychologists, by
dint of reading the precepts of Bacon and the discourses of

Descartes, have mistaken their own dreams for science.

Without saying whether it will ever be possible to estab-

lish a priori a true method of investigation, independent of a

philosophical study of the sciences, it is clear that the thing
has never been done yet, and that we are not capable of doing
it now. We cannot as yet explain the great logical procedures,

apart from their applications. If we ever do, it will remain as

necessary then as now to form good intellectual habits by
studying the regular application of the scientific methods

which we shall have attained.

This, then, is the first great result of the Positive Philosophy
the manifestation by experiment of the laws which rule the

Intellect in the investigation of truth; and, as a consequence
the knowledge of the general rules suitable for that object.

I. The second effect of the Positive Philosophy, an effect

not less important and far more urgently wanted, will be to
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regenerate Education. The best minds are agreed that our

European education, still essentially theological, metaphysical,
and literary, must be superseded by a Positive training, con-

formable to our time and needs. Even the governments of

our day have shared, where they have not originated, the

attempts to establish positive instruction; and this is a striking

indication of the prevalent sense of what is wanted. While

encouraging such endeavours to the utmost, we must not

however conceal from ourselves that everything yet done is

inadequate to the object. The present exclusive specialty of

our pursuits, and the consequent isolation of the sciences,

spoil our teaching. If any student desires to form an idea of

natural philosophy as a whole, he is compelled to go through
each department as it is now taught, as if he were to be only
an astronomer, or only a chemist; so that, be his intellect what

it may, his training must remain very imperfect. And yet his

object requires that he should obtain general positive con-

ceptions of all the classes of natural phenomena. It is such an

aggregate of conceptions, whether on a great or on a small

scale, which must henceforth be the permanent basis of all

human combinations. It will constitute the mind of future

generations. In order to this regeneration of our intellectual

system, it is necessary that the sciences, considered as branches

from one trunk, should yield us, as a whole, their chief meth-

ods and their most important results. The specialities of

science can be pursued by those whose vocation lies in that

direction. They are indispensable; and they arc not likely to

be neglected; but they can never of themselves renovate our

system of Education; and, to be of their full use, they must

rest upon the basis of that general instruction which is a

direct result of the Positive Philosophy.

<* III. The same special study of scientific generalities must

also aid the progress of the respective positive sciences: and

this constitutes our third head of advantages.
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The divisions which we establish between the sciences are,

though not arbitrary, essentially artificial. The subject of our

researches is one: we divide it for our convenience, in order

to deal the more easily with its difficulties. But it sometimes

happens and especially with the most important doctrines

of each science that we need what we cannot obtain under

the present isolation of the sciences, a combination of several

special points of view; and for want of this, very important

problems wait for their solution much longer than they other-

wise need do. To go back into the past for an example:
Descartes' grand conception with regard to analytical geom-
etry is a discovery which has changed the whole aspect of

mathematical science, and yielded the germ of all future

progress; and it issued from the union of two sciences which

had always before been separately regarded and pursued.
The case of pending questions is yet more impressive; as, for

instance, in Chemistry, the doctrine of Definite Proportions.
Without entering upon the discussion of the fundamental

principle of this theory, we may say with assurance that, in

order to determine it in order to determine whether it is

a law of nature that atoms should necessarily combine in

fixed numbers, it will be indispensable that the chemical

point of view should be united with the physiological. The
failure of the theory with regard to organic bodies indicates

that the cause of this immense exception must be investigated;

and such an inquiry belongs as much to physiology as to

chemistry. Again, it is as yet undecided whether a/ote is a

simple or a compound body. It was concluded by almost all

chemists that azote is a simple body; the illustrious Berzelius

hesitated, on purely chemical considerations; but he was also

influenced by the physiological observation that animals

which receive no azote in their food have as much of it in

their tissues as carnivorous animals. From this we see how

physiology must unite with chemistry to inform us whether

azote is simple or compound, and to institute a new scries

of researches upon the relation between the composition of

living bodies and their mode of alimentation.
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Such is the advantage which, in the third place, we shall

owe to Positive philosophy the elucidation of the respective
sciences by their combination. In the fourth place

4^ IV. The Positive Philosophy offers the only solid basis for

that Social Reorganization which must succeed the critical

condition in which the most civilized nations are now living.

It cannot be necessary to prove to anybody who reads this

work that Ideas govern the world, or throw it into chaos; in

other words, that all social mechanism rests upon Opinions.
The great political and moral crisis that societies are now

undergoing is shown by a rigid analysis to arise out of intel-

lectual anarchy. While stability in fundamental maxims is the

first condition of genuine social order, we are suffering under

an utter disagreement which may be called universal. Till a

certain number of general ideas can be acknowledged as a

rallying-point of social doctrine, the nations will remain in a

revolutionary state; whatever palliatives may be devised; and

their institutions can be only provisional. But whenever the

necessary agreement on first principles can be obtained, ap-

propriate institutions will issue from them, without shock or

resistance; for the causes of disorder will have been arrested

by the mere fact of the agreement. It is in this direction that

those must look who desire a natural and regular, a normal

state of society.

Now, the existing disorder is abundantly accounted for by
the existence, all at once, of three incompatible philosophies,

the theological, the metaphysical, and the positive. Any
one of these might alone secure some sort of social order; but

while the three co-exist, it is impossible for us to understand

one another upon any essential point whatever. If this is true,

we have only to ascertain which of the philosophies must, in

the nature of things, prevail; and, this ascertained, every man,
whatever may have been his former views, cannot but concur

in its triumph. The problem once recognized cannot remain

long unsolved; for all considerations whatever point to the
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Positive Philosophy as the one destined to prevail. It alone

has been advancing during a course of centuries, throughout
which the others have been declining. The fact is incontesta-

ble. Some may deplore it, but none can destroy it, nor there-

fore neglect it but under penalty of being betrayed by il-

lusory speculations. This general revolution of the human
mind is nearly accomplished. We have only to complete the

Positive Philosophy by bringing Social phenomena within its

comprehension, and afterwards consolidating the whole into

one body of homogeneous doctrine. The marked preference
which almost all minds, from the highest to the commonest,
accord to positive knowledge over vague and mystical con-

ceptions, is a pledge of what the reception of this philosophy
will be when it has acquired the only quality that it now
wants a character of due generality. When it has become

complete, its supremacy will take place spontaneously, and

will re-establish order throughout society. There is, at present,
no conflict but between the theological and the metaphysical

philosophies. They are contending for the task of reorganiz-

ing society; but it is a work too mighty for either of them.

The positive philosophy has hitherto intervened only to ex-

amine both, and both are abundantly discredited by the

process. It is time now to be doing something more effective,

without wasting our forces in needless controversy. It is time

to complete the vast intellectual operation begun by Bacon,

Descartes, and Galileo, by constructing the system of general
ideas which must henceforth prevail among the human race.

This is the way to put an end to the revolutionary crisis which

is tormenting the civilized nations of the world.

Leaving these four points of advantage, we must attend to

one precautionary reflection.

Because it is proposed to consolidate the whole of our ac-

quired knowledge into one body of homogeneous doctrine, it

must not be supposed that we are going to study this vast

variety as proceeding from a single principle, and as sub-

jected to a single law. There is something so chimerical in

attempts at universal explanation by a single law, that it may
be as well to secure this Work at once from any imputation
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of the kind, though its development will show how unde-

served such an imputation would be. Our intellectual re-

sources are too narrow, and the universe is too complex, to

leave any hope that it will ever be within our power to carry
scientific perfection to its last degree of simplicity. Moreover,
it appears as if the value of such an attainment, supposing it

possible, were greatly overrated. The only way, for instance,

in which we could achieve the business, would be by con-

necting all natural phenomena with the most general law we
know, which is that of Gravitation, by which astronomical

phenomena are already connected with a portion of terrestrial

physics. Laplace has indicated that chemical phenomena may
be regarded as simple atomic effects of the Newtonian at-

traction, modified by the form and mutual position of the

atoms. But supposing this view provable (which it cannot be

while we are without data about the constitution of bodies),

the difficulty of its application would doubtless be found so

great that we must still maintain the existing division between

astronomy and chemistry, with the difference that we now

regard as natural that division which we should then call

artificial. Laplace himself presented his idea only as a philo-

sophic device, incapable of exercising any useful influence

over the progress of chemical science. Moreover, supposing
this insuperable difficulty overcome, we should be no nearer

to scientific unity, since we then should still have to connect

the whole of physiological phenomena with the same law,

which certainly would not be the least difficult part of the

enterprise. Yet, all things considered, the hypothesis we have

glanced at would be the most favourable to the desired unity.

The consideration of all phenomena as referable to a single

origin is by no means necessary to the systematic formation

of science, any more than to the realization of the great and

happy consequences that we anticipate from the positive

philosophy. The only necessary unity is that of Method,
which is already in great part established. As for the doctrine,

it need not be one; it is enough that it should be homogeneous.
It is, then, under the double aspect of unity of method and

homcgeneousness of doctrine that we shall consider the dif-
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ferent classes of positive theories in this work. While pursuing
the philosophical aim of all science, the lessening of the num-
ber of general laws requisite for the explanation of natural

phenomena, we shall regard as presumptuous every attempt,
in all future time, to reduce them rigorously to one.

Having thus endeavoured to determine the spirit and in-

fluence of the Positive Philosophy, and to mark the goal of

our labours, we have now to proceed to the exposition of the

system; that is, to the determination of the universal, or en-

cyclopaedic order, which must regulate the different classes

of natural phenomena, and consequently the corresponding

positive sciences.





Charles Darwin

RECAPITULATION AND

CONCLUSION



Charles Darwin
[1809-1882]

In man's long search for an explanation of his descent, no

theory has encountered so much theological opposition or

so much scientific affirmation as Charles Darwin's observa-

tions on natural selection. When his history-making -work was

published in 1859 violent controversy raged over the book,
with Thomas Huxley as its redoubtable defender, because it

attempted to throw some light on that mystery of mysteries,
the origin of species. Over two decades were required by
Darwin to accumulate his material and to prepare it for pub-
lication. In the meantime, another naturalist, A. R. Wallace,
reached the same general conclusions about evolution. In an

act characteristic of the graciousness of great scientists,

Charles Darwin presented his own and Wallace's views

jointly to the learned Linnean Society. Now, almost a century
after its first appearance, The Origin of Species remains, in

spite of a few minor scientific revisions, one of the magnifi-
cent achievements in humanity's struggle for enlightenment.
The section, "Recapitulation and Conclusion," is Darwin's

summary at the end of the entire work.



RECAPITULATION AND
CONCLUSION

CHARLES DARWIN

As this whole volume [The Origin of Species'] is one long

argument, it may be convenient to the reader to have the

leading facts and inferences briefly recapitulated.
That many and serious objections may be advanced against

the theory of descent with modification through variation

and natural selection, I do not deny. I have endeavoured to

give them their full force. Nothing at first can appear more
difficult to believe than that the more complex organs and in-

stincts have been perfected, not by means superior to, though
analogous with, human reason, but by the accumulation of

innumerable slight variations, each good for the individual

possessor. Nevertheless, this difficulty, though appearing to

our imagination insuperably great, cannot be considered real

if we admit the following propositions, namely, that all parts
of the organisation and instincts offer, at least, individual

differences that there is a struggle for existence leading to

the preservation of profitable deviations of structure or in-

stinct and, lastly, that gradations in the state of perfection
of each organ may have existed, each good of its kind. The
truth of these propositions cannot, I think, be disputed.

It is, no doubt, extremely difficult even to conjecture by
what gradations many structures have been perfected, more
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especially amongst broken and failing groups of organic

beings, which have suffered much extinction, but we see so

many strange gradations in nature, that we ought to be ex-

tremely cautious in saying that any organ or instinct, or any
whole structure, could not have arrived at its present state by
many graduated steps. There are, it must be admitted, cases

of special difficulty opposed to the theory of natural selection;

and one of the most curious of these is the existence in the

same community of two or three defined castes of workers or

sterile female ants; but I have attempted to show how these

difficulties can be mastered.

With respect to the almost universal sterility of species
when first crossed, which forms so remarkable a contrast

with the almost universal fertility of varieties when crossed, I

must refer the reader to the recapitulation of the facts given
at the end of the ninth chapter, which seem to me con-

clusively to show that this sterility is no more a special' en-

dowment than is the incapacity of two distinct kinds of trees

to be grafted together; but that it is incidental on differences

confined to the reproductive systems of the intercrossed

species. We see the truth of this conclusion in the vast differ-

ence in the results of crossing the same two species recip-

rocally, that is, when one species is first used as the father

and then as the mother. Analogy from the consideration of

dimorphic and trimorphic plants clearly leads to the same

conclusion, for when the forms are illegitimately united, they

yield few or no seed, and their offspring are more or less

sterile; and these forms belong to the same undoubted species,

and differ from each other in no respect except in their re-

productive organs and functions.

Although the fertility of varieties when intercrossed and of

their mongrel offspring has been asserted by so many authors

to be universal, this cannot be considered as quite correct

after the facts given on the high authority of Gartner and

Kolreuter. Most of the varieties which have been experi-
mented on have been produced under domestication; and as

domestication (I do not mean mere confinement) almost

certainly tends to eliminate that sterility which, judging from
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analogy, would have affected the parent-species if inter-

crossed, we ought not to expect that domestication would
likewise induce sterility in their modified descendants when
crossed. This elimination of sterility apparently follows from
the same cause which allows our domestic animals to breed

freely under diversified circumstances; and this again ap-

parently follows from their having been gradually accustomed

to frequent changes in their conditions of life.

A double and parallel series of facts seems to throw much

light on the sterility of species, when first crossed, and of their

hybrid offspring. On the one side, there is good reason to

believe that slight changes in the conditions of life give vigour
and fertility to all organic beings. We know also that a cross

between the distinct individuals of the same variety, and be-

tween distinct varieties, increases the number of their off-

spring, and certainly gives to them increased size and vigour.
This is chiefly owing to the forms which are crossed having
been exposed to somewhat different conditions of life; for I

have ascertained by a laborious series of experiments that if all

the individuals of the same variety be subjected during several

generations to the same conditions, the good derived from

crossing is often much diminished or wholly disappears. This

is one side of the case. On the other side, we know that

species which have long been exposed to nearly uniform con-

ditions, when they are subjected under confinement to new
and greatly changed conditions, either perish, or if they sur-

vive, are rendered sterile, though retaining perfect health.

This does not occur, or only in a very slight degree, with our

domesticated productions, which have long been exposed to

fluctuating conditions. Hence when we find that hybrids

produced by a cross between two distinct species are few in

number, owing to their perishing soon after conception or at

a very early age, or if surviving that they are rendered more
or less sterile, it seems highly probable that this result is due

to their having been in fact subjected to a great change in

their conditions of life, from being compounded of two
distinct organisations. He who will explain in a definite man-

ner why, for instance, an elephant or a fox will not breed un-
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der confinement in its native country, whilst the domestic pig
or dog will breed freely under the most diversified condi-

tions, will at the same time be able to give a definite answer to

the question why two distinct species, when crossed, as well

as their hybrid offspring, are generally rendered more or

less sterile, whilst two domesticated varieties when crossed

and their mongrel offspring are perfectly fertile.

Turning to geographical distribution, the difficulties en-

countered on the theory of descent with modification are

serious enough. All the individuals of the same species, and all

the species of the same genus, or even higher group, are de-

scended from common parents; and therefore, in however

distant and isolated parts of the world they may now be

found, they must in the course of successive generations have

travelled from some one point to all the others. We are often

wholly unable even to conjecture how this could have been

effected. Yet, as we have reason to believe that some species
have retained the same specific form for very long periods
of time, immensely long as measured by years, too much
stress ought not to be laid on the occasional wide diffusion

of the same species; for during very long periods there will

always have been a good chance for wide migration by many
means. A broken or interrupted range may often be accounted

for by the extinction of the species in the intermediate regions.
It cannot be denied that we are as yet very ignorant as to the

full extent of the various climatal and geographical changes
which have affected the earth during modern periods; and

such changes will often have facilitated migration. As an ex-

ample, I have attempted to show how potent has been the in-

fluence of the Glacial period on the distribution of the same

and of allied species throughout the world. We are as yet pro-

foundly ignorant of the many occasional means of transport.
With respect to distinct species of the same genus inhabiting
distant and isolated regions, as the process of modification

has necessarily been slow, all the means of migration will have

been possible during a very long period; and consequently the

difficulty of the wide diffusion of the species of the same

genus is in some degree lessened.
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As according to the theory of natural selection an in-

terminable number of intermediate forms must have existed,

linking together all the species in each group by gradations as

fine as are our existing varieties, it may be asked: Why do we
not see these linking forms all around us? Why are not all

organic beings blended together in an inextricable chaos?

With respect to existing forms, we should remember that we
have no right to expect (excepting in rare cases) to discover

directly connecting links between them, but only between

each and some extinct and supplanted form. Even on a wide

area, which has during a long period remained continuous,

and of which the climatic and other conditions of life change

insensibly in proceeding from a district occupied by one

species into another district occupied by a closely allied

species, we have no just right to expect often to find inter-

mediate varieties in the intermediate zones. For we have

reason to believe that only a few species of a genus ever

undergo change; the other species becoming utterly extinct

and leaving no modified progeny. Of the species which do

change, only a few within the same country change at the

same time; and all modifications are slowly effected. I have

also shown that the intermediate varieties which probably at

first existed in the intermediate zones, would be liable to be

supplanted by the allied forms on either hand; for the latter,

from existing in greater numbers, would generally be modified

and improved at a quicker rate than the intermediate varieties,

which existed in lesser numbers; so that the intermediate

varieties would, in the long run, be supplanted and ex-

terminated.

On this doctrine of the extermination of an infinitude of

connecting links, between the living and extinct inhabitants of

the world, and at each successive period between the extinct

and still older species, why is not every geological formation

charged with such links? Why does not every collection of

fossil remains afford plain evidence of the gradation and mu-
tation of the forms of life? Although geological research has

undoubtedly revealed the former existence of many links,

bringing numerous forms of life much closer together, it does
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not yield the infinitely many fine gradations between past
and present species required on the theory; and this is the

most obvious of the many objections which may be urged

against it. Why, again, do whole groups of allied species ap-

pear, though this appearance is often false, to have come in

suddenly on the successive geological stages? Although we
now know that organic beings appeared on this globe, at a

period incalculably remote, long before the lowest bed of the

Cambrian system was deposited, why do we not find beneath

this system great piles of strata stored with the remains of the

progenitors of the Cambrian fossils? For on the theory, such

strata must somewhere have been deposited at these ancient

and utterly unknown epochs of the world's history.

I can answer these questions and objections only on the sup-

position that the geological record is far more imperfect than

most geologists believe. The number of specimens in all our

museums is absolutely as nothing compared with the countless

generations of countless species which have certainly existed.

The parent-form of any two or more species would not be in

all its characters directly intermediate between its modified

offspring, any more than the rock-pigeon is directly inter-

mediate in crop and tail between its descendants, the pouter
and fantail pigeons. We should not be able to recognise a

species as the parent of another and modified species, if we
were to examine the two ever so closely, unless we possessed
most of the intermediate links; and owing to the imperfection
of the geological record, we have no just right to expect to

find so many links. If two or three, or even more linking
forms were discovered, they would simply be ranked by
many naturalists as so many new species, more especially if

found in different geological sub-stages, let their differences

be ever so slight. Numerous existing doubtful forms could be

named which are probably varieties; but who will pretend
that in future ages so many fossil links will be discovered, that

naturalists will be able to decide whether or not these doubt-

ful forms ought to be called varieties? Only a small portion
of the world has been geologically explored. Only organic

beings of certain classes can be preserved in a fossil condition,
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at least in any great number. Many species when once formed
never undergo any further change but become extinct with-

out leaving modified descendants; and the periods, during
which species have undergone modification, though long as

measured by years, have probably been short in comparison
with the periods during which they retain the same form. It is

the dominant and widely ranging species which vary most

frequently and vary most, and varieties are often at first local

both causes rendering the discovery of intermediate links

in any one formation less likely. Local varieties will not

spread into other and distant regions until they are consider-

ably modified and improved; and when they have spread,
and are discovered in a geological formation, they appear as

if suddenly created there, and will be simply classed as new

species. Most formations have been intermittent in their ac-

cumulation; and their duration has probably been shorter

than the average duration of specific forms. Successive forma-

tions are in most cases separated from each other by blank

intervals of time of great length; for fossiliferous formations

thick enough to resist future degradations can as a general
rule be accumulated only where much sediment is deposited
on the subsiding bed of the sea. During the alternate periods
of elevation and of stationary level the record will generally
be blank. During these latter periods there will probably be

more variability in the forms of life; during periods of sub-

sidence, more extinction.

With respect to the absence of strata rich in fossils beneath

the Cambrian formation, I can recur only to the hypothesis

given in the tenth chapter; namely, that though our conti-

nents and oceans have endured for an enormous period in

nearly their present relative positions, we have no reason to

assume that this has always been the case; consequently forma-

tions much older than any now known may lie buried beneath

the great oceans. With respect to the lapse of time not having
been sufficient since our planet was consolidated for the as-

sumed amount of organic change, and this objection, as urged

by Sir William Thompson, is probably one of the gravest as

yet advanced, I can only say, firstly, that we do not know at
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what rate species change as measured by years, and secondly,
that many philosophers are not as yet willing to admit that we
know enough of the constitution of the universe and of the

interior of our globe to speculate with safety on its past dura-

tion.

That the geological record is imperfect all will admit; but

that it is imperfect to the degree required by our theory, few
will be inclined to admit. If we look to long enough intervals

of time, geology plainly declares that species have all changed;
and they have changed in the manner required by the theory,
for they have changed slowly and in a graduated manner. We
clearly see this in the fossil remains from consecutive forma-

tions invariably being much more closely related to each

other, than are the fossils from widely separated formations.

Such is the sum of the several chief objections and dif-

ficulties which may be justly urged against the theory, and I

have now briefly recapitulated the answers and explanations

which, as far as I can see, may be given. I have felt these dif-

ficulties far too heavily during many years to doubt their

weight. But it deserves especial notice that the more import-
ant objections relate to questions on which we are confessedly

ignorant; nor do we know how ignorant we are. We do not

know all the possible transitional gradations between the

simplest and the most perfect organs; it cannot be pretended
that we know all the varied means of Distribution during the

long lapse of years, or that we know how imperfect is the

Geological Record. Serious as these several objections are, in

my judgment they are by no means sufficient to overthrow

the theory of descent with subsequent modification.

Now let us turn to the other side of the argument. Under
domestication we see much variability, caused, or at least

excited, by changed conditions of life; but often in so obscure

a manner, that we are tempted to consider the variations as

spontaneous. Variability is governed by many complex laws,

by correlated growth, compensation, the increased use and

disuse of parts, and the definite action of the surrounding
conditions. There is much difficulty in ascertaining how
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largely our domestic productions have been modified; but we

may safely infer that the amount has been large, and that

modifications can be inherited for long periods. As long as

the conditions of life remain the same, we have reason to be-

lieve that a modification, which has already been inherited

for many generations, may continue to be inherited for an

almost infinite number of generations. On the other hand, we
have evidence that variability when it has once come into

play, does not cease under domestication for a very long

period; nor do we know that it ever ceases, for new varieties

are still occasionally produced by our oldest domesticated

productions.

Variability is not actually caused by man; he only unin-

tentionally exposes organic beings to new conditions of life,

and then nature acts on the organisation and causes it to vary.
But man can and does select the variations given to him by
nature, and thus accumulates them in any desired manner. He
thus adapts animals and plants for his own benefit or pleasure.
He may do this methodically, or he may do it unconsciously

by preserving the individuals most useful or pleasing to him
without any intention of altering the breed. It is certain that

he can largely influence the character of a breed by selecting,

in each successive generation, individual differences so slight

as to be inappreciable except by an educated eye. This un-

conscious process of selection has been the great agency in the

formation of the most distinct and useful domestic breeds.

That many breeds produced by man have to a large extent the

character of natural species, is shown by the inextricable

doubts whether many of them are varieties or aboriginally
distinct species.

There is no reason why the principles which have acted so

efficiently under domestication should not have acted under

nature. In the survival of favoured individuals and races, dur-

ing the constantly-recurrent Struggle for Existence, we see a

powerful and ever-acting form of Selection. The struggle for

existence inevitably follows from the high geometrical ratio of

increase which is common to all organic beings. This high rate

of increase is proved by calculation, by the rapid increase of
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many animals and plants during a succession of peculiar

seasons, and when naturalised in new countries. More in-

dividuals are born than can possibly survive. A grain in the

balance may determine which individuals shall live and which
shall die, which variety or species shall increase in number,
and which shall decrease, or finally become extinct. As the

individuals of the same species come in all respects into the

closest competition with each other, the struggle will gen-

erally be most severe between them; it will be almost equally
severe between the varieties of the same species, and next in

severity between the species of the same genus. On the other

hand the struggle will often be severe between beings remote

in the scale of nature. The slightest advantage in certain

individuals, at any age or during any season, over those with

which they come into competition, or better adaptation in

however slight a degree to the surrounding physical condi-

tions, will, in the long run, turn the balance.

With animals having separated sexes, there will be in most

cases a struggle between the males for the possession of the

females. The most vigorous males, or those which have most

successfully struggled with their conditions of life, will gen-

erally leave most progeny. But success will often depend on
the males having special weapons, or means of defence, or

charms; and a slight advantage will lead to victory.
As geology plainly proclaims that each land has undergone

great physical changes, we might have expected to find that

organic beings have varied under nature, in the same way
as they have varied under domestication. And if there has been

any variability under nature, it would be an unaccountable

fact if natural selection had not come into play. It has often

been asserted, but the assertion is incapable of proof, that the

amount of variation under nature is a strictly limited quantity.

Man, though acting on external characters alone and often

capriciously, can produce within a short period a great result

by adding up mere individual differences in his domestic

productions; and every one admits that species present in-

dividual differences. But, besides such differences, all natural-

ists admit that natural varieties exist, which are considered
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sufficiently distinct to be worthy of record in systematic
works. No one has drawn any clear distinction between in-

dividual differences and slight varieties; or between more

plainly marked varieties and sub-species, and species. On sep-
arate continents, and on different parts of the same continent

when divided by barriers of any kind, and on outlying islands,

what a multitude of forms exist, which some experienced
naturalists rank as varieties, others as geographical races or

sub-species, and others as distinct, though closely allied

species!
If then, animals and plants do vary, let it be ever so slightly

or slowly, why should not variations or individual differences,

which are in any way beneficial, be preserved and accumu-

lated through natural selection, or the survival of the fittest?

If man can by patience select variations useful to him, why,
under changing and complex conditions of life, should not

variations useful to nature's living products often arise, and be

preserved or selected? What limit can be put to this power,

acting during long ages and rigidly scrutinising the whole

constitution, structure, and habits of each creature, favour-

ing the good and rejecting the bad? I can see no limit to this

power, in slowly and beautifully adapting each form to the

most complex relations of life. The theory of natural selec-

tion, even if we look no farther than this, seems to be in the

highest degree probable. I have already recapitulated, as fairly

as I could, the opposed difficulties and objections: now let us

turn to the special facts and arguments in favour of the theory.

On the view that species are only strongly marked and

permanent varieties, and that each species first existed as a

variety, we can see why it is that no line of demarcation can

be drawn between species, commonly supposed to have been

produced by special acts of creation, and varieties which are

acknowledged to have been produced by secondary laws. On
this same view we can understand how it is that in a region
where many species of a genus have been produced, and

where they now flourish, these same species should present

many varieties; for where the manufactory of species has
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been active, we might expect, as a general rule, to find it still

in action; and this is the case if varieties be incipient species.

Moreover, the species of the larger genera, which afford the

greater number of varieties or incipient species, retain to a cer-

tain degree the character of varieties; for they differ from

each other by a less amount of difference than do the species
of smaller genera. The closely allied species also of the larger

genera apparently have restricted ranges, and in their af-

finities they are clustered in little groups round other species
in both respects resembling varieties. These are strange re-

lations on the view that each species was independently cre-

ated, but are intelligible if each existed first as a variety.
As each species tends by its geometrical rate of reproduc-

tion to increase inordinately in number; and as the modified

descendants of each species will be enabled to increase by as

much as they become more diversified in habits and structure,

so as to be able to seize on many and widely different places in

the economy of nature, there will be a constant tendency in

natural selection to preserve the most divergent offspring
of any one species. Hence, during a long-continued course of

modification, the slight differences characteristic of varieties

of the same species, tend to be augmented into the greater
differences characteristic of the species of the same genus.
New and improved varieties will inevitably supplant and ex-

terminate the older, less improved, and intermediate varieties;

and thus species are rendered to a large extent defined and

distinct objects. Dominant species belonging to the larger

groups within each class tend to give birth to new and dom-
inant forms; so that each large group tends to become still

larger, and at the same time more divergent in character.

But as all groups cannot thus go on increasing in size, for the

world would not hold them, the more dominant groups beat

the less dominant. This tendency in the large groups to go on

increasing in size and diverging in character, together with

the inevitable contingency of much extinction, explains the

arrangement of all the forms of life in groups subordinate

to groups, all within a few great classes, which has prevailed

throughout all time. This grand fact of the grouping of all
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organic beings under what is called the Natural System, is ut-

terly inexplicable on the theory of creation.

As natural selection acts solely by accumulating slight, suc-

cessive, favourable variations, it can produce no great or

sudden modifications; it can act only by short and slow steps.

Hence, the canon of "Natura non facit saltum," which every
fresh addition to our knowledge tends to confirm, is on this

theory intelligible. We can see why throughout nature the

same general end is gained by an almost infinite diversity of

means, for every peculiarity when once acquired is long in-

herited, and structures already modified in many different

ways have to be adapted for the same general purpose. We
can, in short, see why nature is prodigal in variety, though

niggard in innovation. But why this should be a law of nature

if each species has been independently created no man can

explain.

Many other facts are, as it seems to me, explicable on this

theory. How strange it is that a bird, under the form of a

woodpecker, should prey on insects on the ground; that up-
land geese which rarely or never swim, should possess webbed

feet; that a thrush-like bird should dive and feed on sub-

aquatic insects; and that a petrel should have the habits and

structure fitting it for the life of an awk! and so in endless

other cases. But on the view of each species constantly trying
to increase in number, with natural selection always ready to

adapt the slowly varying descendants of each to any unoccu-

pied or ill-occupied place in nature, these facts cease to be

strange, or might even have been anticipated.

We can to a certain extent understand how it is that there is

so much beauty throughout nature; for this may be largely
attributed to the agency of selection. That beauty, according
to our sense of it, is not universal, must be admitted by every
one who will look at some venomous snakes, at some fishes,

and at certain hideous bats with a distorted resemblance to

the human face. Sexual selection has given the most brilliant

colours, elegant patterns, and other ornaments to the males,

and sometimes to both sexes of many birds, butterflies, and

other animals. With birds it has often rendered the voice of
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the male musical to the female, as well as to our ears. Flowers

and fruit have been rendered conspicuous by brilliant colours

in contrast with the green foliage, in order that the flowers

may be readily seen, visited and fertilised by insects, and the

seeds disseminated by birds. How it comes that certain

colours, sounds, and forms should give pleasure to man and

the lower animals, that is, how the sense of beauty in its

simplest form was first acquired, we do not know any
more than how certain odours and flavours were first rendered

agreeable.
As natural selection acts by competition, it adapts and im-

proves the inhabitants of each country only in relation to

their co-inhabitants; so that we need feel no surprise at the

species of any one country, although on the ordinary view

supposed to have been created and specially adapted for that

country, being beaten and supplanted by the naturalised pro-
ductions from another land. Nor ought we to marvel if all the

contrivances in nature be not, as far as we can judge, abso-

lutely perfect, as in the case even of the human eye; or if

some of them be abhorrent to our ideas of fitness. We need

not marvel at the sting of the bee, when used against an

enemy, causing the bee's own death; at drones being produced
in such great numbers for one single act, and being then

slaughtered by their sterile sisters; at the astonishing waste of

pollen by our fir-trees; at the instinctive hatred of the queen-
bee for her own fertile daughters; at the ichneumonidae feed-

ing within the living bodies of caterpillars; or at other such

cases. The wonder indeed is, on the theory of natural selec-

tion, that more cases of the want of absolute perfection have

not been detected.

The complex and little known laws governing the produc-
tion of varieties are the same, as far as we can judge, with the

laws which have governed the production of distinct species.

In both cases physical conditions seem to have produced some
direct and definite effect, but how much we cannot say. Thus,
when varieties enter any new station, they occasionally assume

some of the characters proper to the species of that station.

With both varieties and species, use and disuse seem to have
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produced a considerable effect; for it is impossible to resist

this conclusion when we look, for instance, at the logger-
headed duck, which has wings incapable of flight, in nearly
the same condition as in the domestic duck; or when we look

at the burrowing tucu-tucu, which is occasionally blind, and

then at certain moles, which are habitually blind and have

their eyes covered with skin; or when we look at the blind

animals inhabiting the dark caves of America and Europe.
With varieties and species, correlated variation seems to have

played an important part, so that when one part has been

modified other parts have been necessarily modified. With
both varieties and species, reversions to long-lost characters

occasionally occur. How inexplicable on the theory of crea-

tion is the occasional appearance of stripes on the shoulders

and legs of the several species of the horse-genus and of

their hybrids! How simply is this fact explained if we believe

that these species are all descended from a striped progenitor,
in the same manner as the several domestic breeds of the

pigeon are descended from the blue and barred rock-pigeon!
On the ordinary view of each species having been inde-

pendently created, why should specific characters, or those

by which the species of the same genus differ from each

other, be more variable than generic characters in which they
all agree? Why, for instance, should the colour of a flower be

more likely to vary in any one species of a genus, if the other

species possess differently coloured flowers, than if all pos-
sessed the same coloured flowers? If species are only well-

marked varieties, of which the characters have become in a

high degree permanent, we can understand this fact; for they
have already varied since they branched off from a common

progenitor in certain characters, by which they have come to

be specifically distinct from each other; therefore these same

characters would be more likely again to vary than the generic
characters which have been inherited without change for an

immense period. It is inexplicable on the theory of creation

why a part developed in a very unusual manner in one species

alone of a genus, and therefore, as we may naturally infer, of

great importance to that species, should be eminently liable
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to variation; but, on our view, this part has undergone, since

the several species branched off from a common progenitor,
an unusual amount of variability and modification, and there-

fore we might expect the part generally to be still variable.

But a part may be developed in the most unusual manner, like

the wing of a bat, and yet not be more variable than any other

structure, if the part be common to many subordinate forms,

that is, if it has been inherited for a very long period; for in

this case, it will have been rendered constant by long-con-
tinued natural selection.

Glancing at instincts, marvellous as some are, they offer no

greater difficulty than do corporeal structures on the theory
of the natural selection of successive slight, but profitable
modifications. We can thus understand why nature moves

by graduated steps in endowing different animals of the same

class with their several instincts. I have attempted to show
how much light the principle of gradation throws on the ad-

mirable architectural powers of the hive-bee. Habit no doubt

often conies into play in modifying instincts; but it certainly
is not indispensable, as we see in the case of neuter insects,

which leave no progeny to inherit the effects of long-con-
tinued habit. On the view of all the species of the same

genus having descended from a common parent, and having
inherited much in common, we can understand how it is that

allied species, when placed under widely different conditions

of life, yet follow nearly the same instincts; why the thrushes

of tropical and temperate South America, for instance, line

their nests with mud like our British species. On the view of

instincts having been slowly acquired through natural selec-

tion, we need not marvel at some instincts being not perfect
and liable to mistakes, and at many instincts causing other an-

imals to suffer.

If species be only well-marked and permanent varieties, we
can at once see why their crossed offspring should follow the

same complex laws in their degrees and kinds of resemblance

to their parents, in being absorbed into each other by suc-

cessive crosses, and in other such points, as do the crossed

offspring of acknowledged varieties. This similarity would be
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a strange fact, if species had been independently created and

varieties had been produced through secondary laws.

If we admit that the geological record is imperfect to an

extreme degree, then the facts, which the record does give,

strongly support the theory of descent with modification.

New species have come on the stage slowly and at successive

intervals; and the amount of change, after equal intervals of

time, is widely different in different groups. The extinction of

species and of whole groups of species which has played so

conspicuous a part in the history of the organic world, almost

inevitably follows from the principle of natural selection; for

old forms are supplanted by new and improved forms.

Neither single species nor groups of species reappear when
the chain of ordinary generation is once broken. The gradual
diffusion of dominant forms, with the slow modification of

their descendants, causes the forms of life, after long intervals

of time, to appear as if they had changed simultaneously

throughout the world. The fact of the fossil remains of each

formation being in some degree intermediate in character

between the fossils in the formations above and below, is

simply explained by their intermediate position in the chain

of descent. The grand fact that all extinct beings can be

classed with all recent beings, naturally follows from the

living and the extinct being the offspring of common parents.
As species have generally diverged in character during their

long course of descent and modification, we can understand

why it is that the more ancient forms, or early progenitors of

each group, so often occupy a position in some degree inter-

mediate between existing groups. Recent forms are generally
looked upon as being, on the whole, higher in the scale of or-

ganisation than ancient forms; and they must be higher, in so

far as the later and more improved forms have conquered the

older and less improved forms in the struggle for life; they
have also generally had their organs more specialised for dif-

ferent functions. This fact is perfectly compatible with

numerous beings still retaining simple and but little improved
structures, fitted for simple conditions of life; it is likewise

compatible with some forms having retrograded in organisa-
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tion, by having become at each stage of descent better fitted

for new and degraded habits of life. Lastly, the wonderful

law of the long endurance of allied forms on the same con-

tinent, of marsupials in Australia, of edentata in America,
and other such cases, is intelligible, for within the same

country the existing and the extinct will be closely allied by
descent.

Looking to geographical distribution, if we admit that there

has been during the long course of ages much migration from

one part of the world to another, owing to former climatal

and geographical changes and to the many occasional and un-

known means of dispersal, then we can understand, on the

theory of descent with modification, most of the great leading
facts in Distribution. We can see why there should be so

striking a parallelism in the distribution of organic beings

throughout space, and in their geological succession through-
out time; for in both cases the beings have been connected by
the bond of ordinary generation, and the means of modifica-

tion have been the same. We see the full meaning of the

wonderful fact, which has struck every traveller, namely,
that on the same continent, under the most diverse conditions,

under heat and cold, on mountain and lowland, on deserts

and marshes, most of the inhabitants within each great class

are plainly related; for they are the descendants of the same

progenitors and early colonists. On this same principle of

former migration, combined in most cases with modification,

we can understand, by the aid of the Glacial period, the

identity of some few plants, and the close alliance of many
others, on the most distant mountains, and in the northern

and southern temperate zones; and likewise the close alliance

of some of the inhabitants of the sea in the northern and

southern temperate latitudes, though separated by the whole

intertropical ocean. Although two countries may present

physical conditions as closely similar as the same species ever

require, we need feel no surprise at their inhabitants being

widely different, if they have been for a long period com-

pletely sundered from each other; for as the relation of organ-
ism to organism is the most important of all relations, and as



RECAPITULATION AND CONCLUSION 259

the two countries will have received colonists at various

periods and in different proportions, from some other country
or from each other, the course of modification in the two areas

will inevitably have been different.

On this view of migration, with subsequent modification, we
see why oceanic islands are inhabited by only few species, but

of these, why many are peculiar or endemic forms. We
clearly see why species belonging to those groups of animals

which cannot cross wide spaces of the ocean, as frogs and
terrestrial mammals, do not inhabit oceanic islands; and why,
on the other hand, new and peculiar species of bats, animals

which can traverse the ocean, are found on islands far

distant from any continent. Such cases as the presence of

peculiar species of bats on oceanic islands and the absence of

all other terrestrial mammals, are facts utterly inexplicable on
the theory of independent acts of creation.

The existence of closely allied or representative species in

any two areas, implies, on the theory of descent with modifi-

cation, that the same parent-forms formerly inhabited both

areas; and we almost invariably find that wherever many
closely allied species inhabit two areas, some identical species
are still common to both. Wherever many closely allied yet
distinct species occur, doubtful forms and varieties belonging
to the same groups likewise occur. It is a rule of high gen-

erality that the inhabitants of each area are related to the in-

habitants of the nearest source whence immigrants might have

been derived. We see this in the striking relation of nearly all

plants and animals of the Galapagos archipelago, of Juan

Fernandez, and of the other American islands, to the plants

and animals of the neighbouring American mainland; and of

those of the Cape de Verde archipelago, and of the other

African islands to the African mainland. It must be admitted

that these facts receive no explanation on the theory of crea-

tion.

The fact, as we have seen, that all past and present organic

beings can be arranged within a few great classes, in groups
subordinate to groups, and with the extinct groups often

falling in between the recent groups, is intelligible on the
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theory of natural selection with its contingencies of extinc-

tion and divergence of character. On these same principles we
see how it is, that the mutual affinities of the forms within each

class are so complex and circuitous. We see why certain char-

acters are far more serviceable than others for classification;

why adaptive characters, though of paramount importance
to the beings, are of hardly any importance in classification;

why characters derived from rudimentary parts, though of

no service to the beings, are often of high classificatory value;

and why embryological characters are often the most valuable

of all. The real affinities of all organic beings, in contradistinc-

tion to their adaptive resemblances, are due to inheritance or

community of descent. The Natural System is a genealogical

arrangement, with the acquired grades of difference, marked

by the terms, varieties, species, genera, families, &c.; and we
have to discover the lines of descent by the most permanent
characters whatever they may be and of however slight vital

importance.
The similar framework of bones in the hand of a man, wing

of a bat, fin of the porpoise, and leg of the horse, the same

number of vertebrae forming the neck of the giraffe and of the

elephant, and innumerable other such facts, at once explain
themselves on the theory of descent with slow and slight suc-

cessive modifications. The similarity of pattern in the wing
and in the leg of a bat, though used for such different purpose,

in the jaws and legs of a crab, in the petals, stamens, and

pistils
of a flower, is likewise, to a large extent, intelligible on

the view of the gradual modification of parts or organs, which

were aboriginally alike in an early progenitor in each of these

classes. On the principle of successive variations not always

supervening at an early age, and being inherited at a cor-

responding not early period of life, we clearly see why the

embryos of mammals, birds, reptiles, and fishes should be so

closely similar, and so unlike the adult forms. We may cease

marvelling at the embryo of an air-breathing mammal or bird

having branchial slits and arteries running in loops, like those

of a fish which has to breathe the air dissolved in water by the

aid of well-developed branchiae.
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Disuse, aided sometimes by natural selection, will often have

reduced organs when rendered useless under changed habits

or conditions of life; and we can understand on this view the

meaning of rudimentary organs. But disuse and selection will

generally act on each creature, when it has come to maturity
and has to play its full part in the struggle for existence, and

will thus have little power on an organ during early life;

hence the organ will not be reduced or rendered rudimentary
at this early age. The calf, for instance, has inherited teeth,

which never cut through the gums of the upper jaw, from an

early progenitor having well-developed teeth; and we may
believe, that the teeth in the mature animal were formerly re-

duced by disuse, owing to the tongue and palate, or
lips, hav-

ing become excellently fitted through natural selection to

browse without their aid; whereas in the calf, the teeth have

been left unaffected, and on the principle of inheritance at

corresponding ages have been inherited from a remote period
to the present day. On the view of each organism with all its

separate parts having been specially created, how utterly in-

explicable is it that organs bearing the plain stamp of inutility,

such as the teeth in the embryonic calf or the shrivelled wings
under the soldered wing-covers of many beetles, should so

frequently occur. Nature may be said to have taken pains to

reveal her scheme of modification, by means of rudimentary

organs, of embryological and homologous structures, but we
are too blind to understand her meaning.

I have now recapitulated the facts and considerations which

have thoroughly convinced me that species have been modi-

fied, during a long course of descent. This has been effected

chiefly through the natural selection of numerous successive,

slight, favourable variations; aided in an important manner by
the inherited effects of the use and disuse of parts; and in an

unimportant manner, that is in relation to adaptive structures,

whether past or present, by the direct action of external con-

ditions, and by variations which seem to us in our ignorance
to arise spontaneously. It appears that I formerly underrated

the frequency and value of these latter forms of variation, as

leading to permanent modifications of structure independ-
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ently of natural selection. But as my conclusions have lately

been much misrepresented, and it has been stated that I at-

tribute the modification of species exclusively to natural

selection, I may be permitted to remark that in the first edi-

tion of this work, and subsequently, I placed in a most con-

spicuous position namely, at the close of the Introduction

the following words: "I am convinced that natural selection

has been the main but not the exclusive means of modifica-

tion." This has been of no avail. Great is the power of steady

misrepresentation; but the history of science shows that

fortunately this power does not long endure,

It can hardly be supposed that a false theory would explain,
in so satisfactory a manner as does the theory of natural

selection, the several large classes of facts above specified. It

has recently been objected that this is an unsafe method of

arguing; but it is a method used in judging of the common
events of life, and has often been used by the greatest natural

philosophers. The undulatory theory of light has thus been

arrived at; and the belief in the revolution of the earth on its

own axis was until lately supported by hardly any direct

evidence. It is no valid objection that science as yet throws no

light on the far higher problem of the essence or origin of

life. Who can explain what is the essence of the attraction of

gravity? No one now objects to following out the results

consequent on this unknown element of attraction; notwith-

standing that Leibnitz formerly accused Newton of intro-

ducing "occult qualities and miracles into philosophy."
I see no good reason why the views given in this volume

should shock the religious feelings of any one. It is satis-

factory, as showing how transient such impressions are, to re-

member that the greatest discovery ever made by man,

namely, the law of the attraction of gravity, was also attacked

by Leibnitz, "as subversive of natural, and inferentially of re-

vealed, religion." A celebrated author and divine has written

to me that "he has gradually learnt to see that it is just as

noble a conception of the Deity to believe that He created

a few original forms capable of self-development into other

and needful forms, as to believe that He required a fresh act
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of creation to supply the voids caused by the action of His

laws."

Why, it may be asked, until recently did nearly all the most
eminent living naturalists and geologists disbelieve in the

mutability of species? It cannot be asserted that organic be-

ings in a state of nature are subject to no variation; it cannot

be proved that the amount of variation in the course of long

ages is a limited quality, no clear distinction has been, or can

be, drawn between species and well-marked varieties. It can-

not be maintained that species when intercrossed are invaria-

bly sterile, and varieties invariably fertile; or that sterility is a

special endowment and sign of creation. The belief that

species were immutable productions was almost unavoidable

as long as the history of the world was thought to be of short

duration; and now that we have acquired some idea of the

lapse of time, we are too apt to assume, without proof, that

the geological record is so perfect that it would have afforded

us plain evidence of the mutation of species, if they had under-

gone mutation.

But the chief cause of our natural unwillingness to admit

that one species has given birth to clear and distinct species,

is that we are always slow in admitting great changes of

which we do not see the steps. The difficulty is the same as

that felt by so many geologists, when Lyell first insisted that

long lines of inland cliffs had been formed, and great valleys

excavated, by the agencies which we see still at work. The
mind cannot possibly grasp the full meaning of the term of

even a million years; it cannot add up and perceive the full

effects of many slight variations, accumulated during an al-

most infinite number of generations.

Although I am fully convinced of the truth of the views

given in this volume under the form of an abstract, I by no

means expect to convince experienced naturalists whose minds

are stocked with a multitude of facts all viewed, during a

long course of years, from a point of view directly opposite
to mine. It is so easy to hide our ignorance under such ex-

pressions as the "plan of creation," "unity of design," &c., and

to think that we give an explanation when we only re-state a
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fact. Any one whose disposition leads him to attach more

weight to unexplained difficulties than to the explanation of a

certain number of facts will certainly reject the theory. A few

naturalists, endowed with much flexibility of mind, and who
have already begun to doubt the immutability of species, may
be influenced by this volume; but I look with confidence to

the future, to young and rising naturalists, who will be able

to view both sides of the question with impartiality. Whoever
is led to believe that species are mutable will do good service

by conscientiously expressing his conviction; for thus only
can the load of prejudice by which this subject is over-

whelmed be removed.

Several eminent naturalists have of late published their be-

lief that a multitude of reputed species in each genus are not

real species; but that other species are real, that is, have been

independently created. This seems to me a strange conclusion

to arrive at. They admit that a multitude of forms, which till

lately they themselves thought were special creations, and

which are still thus looked at by the majority of naturalists,

and which consequently have all the external characteristic

features of true species, they admit that these have been

produced by variation, but they refuse to extend the same

view to other and slightly different forms. Nevertheless they
do not pretend that they can define, or even conjecture,
which are the created forms of life, and which are those pro-
duced by secondary laws. They admit variation as a vera

causa in one case, they arbitrarily reject it in another, without

assigning any distinction in the two cases. The day will come
when this will be given as a curious illustration of the blind-

ness of preconceived opinion. These authors seem no more
startled at a miraculous act of creation than at an ordinary
birth. But do they really believe that at innumerable periods
in the earth's history certain elemental atoms have been com-
manded suddenly to flash into living tissues? Do they believe

that at each supposed act of creation one individual or many
were produced? Were all the infinitely numerous kinds of

animals and plants created as eggs or seed, or as full grown?
and in the case of mammals, were they created bearing the
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false marks of nourishment from the mother's womb? Un-

doubtedly some of these same questions cannot be answered

by those who believe in the appearance or creation of only a

few forms of life, or of some one form alone. It has been

maintained by several authors that it is as easy to believe in

the creation of a million beings as of one; but Maupertuis'

philosophical axiom "of least action" leads the mind more

willingly to admit the smaller number; and certainly we ought
not to believe that innumerable beings within each great class

have been created with plain, but deceptive, marks of descent

from a single parent.
As a record of a former state of things, I have retained in

the foregoing paragraphs, and elsewhere, several sentences

which imply that naturalists believe in the separate creation

of each species; and I have been much censured for having
thus expressed myself. But undoubtedly this was the general
belief when the first edition of the present work appeared. I

formerly spoke to very many naturalists on the subject of

evolution, and never once met with any sympathetic agree-
ment. It is probable that some did then believe in evolution,

but they were either silent, or expressed themselves so am-

biguously that it was not easy to understand their meaning.
Now things are wholly changed, and almost every naturalist

admits the great principle of evolution. There are, however,
some who still think that species have suddenly given birth,

through quite unexplained means, to new and totally different

forms: but, as I have attempted to show, weighty evidence

can be opposed to the admission of great and abrupt modifica-

tions. Under a scientific point of view, and as leading to

further investigation, but little advantage is gained by believ-

ing that new forms are suddenly developed in an inexplicable
manner from old and widely different forms, over the old be-

lief in the creation of species from the dust of the earth.

It may be asked how far I extend the doctrine of the modi-

fication of species. The question is difficult to answer, because

the more distinct the forms are which we consider, by so

much the arguments in favour of community of descent be-

come fewer in number and less in force. But some arguments
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of the greatest weight extend very far. All the members of

whole classes are connected together by a chain of affinities,

and all can be classed on the same principle, in groups sub-

ordinate to groups. Fossil remains sometimes tend to fill up

very wide intervals between existing orders.

Organs in a rudimentary condition plainly show that an

early progenitor had the organ in a fully developed condi-

tion; and this in some cases implies an enormous amount of

modification in the descendants. Throughout whole classes

various structures are formed on the same pattern, and at a

very early age the embryos closely resemble each other.

Therefore I cannot doubt that the theory of descent with

modification embraces all the members of the same great class

or kingdom. I believe that animals are descended from at most

only four or five progenitors, and plants from an equal or

lesser number.

Analogy would lead me one step farther, namely, to the

belief that all animals and plants are descended from some one

prototype. But analogy may be a deceitful guide. Neverthe-

less all living things have much in common, in their chemical

composition, their cellular structure, their laws of growth,
and their liability to injurious influences. We see this even in

so trifling a fact as that the same poison often similarly affects

plants and animals; or that the poison secreted by the gall-fly

produces monstrous growths on the wild rose or oak-tree.

With all organic beings excepting perhaps some of the very
lowest, sexual production seems to be essentially similar. With
all, as far as is at present known the germinal vesicle is the

same; so that all organisms start from a common origin. If we
look even to the two main divisions namely, to the animal

and vegetable kingdoms certain low forms are so far inter-

mediate in character that naturalists have disputed to which

kingdom they should be referred. As Professor Asa Gray has

remarked, "the spores and other reproductive bodies of many
of the lower algae may claim to have first a characteristically

animal, and then an unequivocally vegetable existence."

Therefore, on the principle of natural selection with diver-

gence of character, it does not seem incredible that, from
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such low and intermediate form, both animals and plants may
have been developed; and, if we admit this, we must likewise

admit that all the organic beings which have ever lived on this

earth may be descended from some one primordial form. But

this inference is chiefly grounded on analogy and it is im-

material whether or not it be accepted. No doubt it is possible,
as Mr. G. H. Lewes has urged, that at the first commencement
of life many different forms were evolved; but if so we may
conclude that only a very few have left modified descendants.

For, as I have recently remarked in regard to the members of

each great kingdom, such as the Vertebrata Articulata &c., we
have distinct evidence in their embryological homologous and

rudimentary structures that within each kingdom all the

members are descended from a single progenitor.
When the views advanced by me in this volume, and by

Mr. Wallace, or when analogous views on the origin of species
are generally admitted, we can dimly foresee that there will

be a considerable revolution in natural history. Systematists
will be able to pursue their labours as at present; but they will

not be incessantly haunted by the shadowy doubt whether

this or that form be a true species. This, I feel sure and I

speak after experience, will be no slight relief. The endless

disputes whether or not some fifty species of British brambles

are good species will cease. Systematists will have only to de-

cide (not that this will be easy) whether any form be suf-

ficiently constant and distinct from other forms, to be capa-
ble of definition; and if definable, whether the differences be

sufficiently important to deserve a specific name. This latter

point will become a far more essential consideration than it is

at present; for differences, however slight, between any two

forms if not blended by intermediate gradations, are looked at

by most naturalists as sufficient to raise both forms to the rank

of species.
Hereafter we shall be compelled to acknowledge that the

only distinction between species and well-marked varieties is,

that the latter are known, or believed, to be connected at the

present day by intermediate gradations, whereas species were

formerly thus connected. Hence, without rejecting the con-
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sideration of the present existence of intermediate gradations
between any two forms we shall be led to weigh more care-

fully and to value higher the actual amount of difference be-

tween them. It is quite possible that forms now generally

acknowledged to be merely varieties may hereafter be

thought worthy of specific names; and in this case scientific

and common language will come into accordance. In short,

we shall have to treat species in the same manner as those

naturalists treat genera, who admit that genera are merely
artificial combinations made for convenience. This may not

be a cheering prospect; but we shall at least be free from the

vain search for the undiscovered and undiscoverable essence

of the term species.

The other and more general departments of natural history
will rise greatly in interest. The terms used by naturalists, of

affinity, relationship, community of type, paternity, mor-

phology, adaptive characters, rudimentary and aborted or-

gans, &c., will cease to be metaphorical, and will have a plain

signification. When we no longer look at an organic being as

a savage looks at a ship, as something wholly beyond his

comprehension; when we regard every production of nature

as one which has had a long history; when we contemplate

every complex structure and instinct as the summing up of

many contrivances, each useful to the possessor, in the same

way as any great mechanical invention is the summing up of

the labour, the experience, the reason, and even the blunders

of numerous workmen; when we thus view each organic be-

ing, how far more interesting I speak from experience does

the study of natural history become!

A grand and almost untrodden field of inquiry will be

opened, on the causes and laws of variation, on correlation,

on the effects of use and disuse, on the direct action of ex-

ternal conditions, and so forth. The study of domestic pro-
ductions will rise immensely in value. A new variety raised

by man will be a more important and interesting subject for

study than one more species added to the infinitude of already
recorded species. Our classifications will come to be, as far

as they can be so made, genealogies; and will then truly give



RECAPITULATION AND CONCLUSION 269

what may be called the plan of creation. The rules for classi-

fying will no doubt become simpler when we have a definite

object in view. We possess no pedigrees or armorial bearings;
and we have to discover and trace the many diverging lines of

descent in our natural genealogies, by characters of any kind

which have long been inherited. Rudimentary organs will

speak infallibly with respect to the nature of long-lost struc-

tures. Species and groups of species which are called aberrant,

and which may fancifully be called living fossils, will aid us

in forming a picture of the ancient forms of life. Embryology
will often reveal to us the structure, in some degree obscured,
of the prototype of each great class.

When we feel assured that all the individuals of the same

species, and all the closely allied species of most genera, have

within a not very remote period descended from one parent,
and have migrated from some one birth-place; and when we
better know the many means of migration, then, by the light

which geology now throws, and will continue to throw, on
former changes of climate and of the level of the land, we
shall surely be enabled to trace in an admirable manner the

former migrations of the inhabitants of the whole world.

Even at present, by comparing the differences between the in-

habitants of the sea on the opposite sides of a continent, and

the nature of the various inhabitants on that continent, in re-

lation to their apparent means of immigration, some light can

be thrown on ancient geography.
The noble science of Geology loses glory from the extreme

imperfection of the record. The crust of the earth with its im-

bedded remains must not be looked at as a well-filled museum,
but as a poor collection made at hazard and at rare intervals.

The accumulation of each great fossiliferous formation will

be recognised as having depended on an unusual concurrence

of favourable circumstances, and the blank intervals between

the successive stages as having been of vast duration. But we
shall be able to gauge with some security the duration of these

intervals by a comparison of the preceding and succeeding

organic forms. We must be cautious in attempting to cor-

relate as strictly contemporaneous two formations, which do
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not include many identical species, by the general succession

of the forms of life. As species are produced and exterminated

by slowly acting and still existing causes, and not by miracu-

lous acts of creation; and as the most important of all causes

of organic change is one which is almost independent of

altered and perhaps suddenly altered physical conditions,

namely, the mutual relation of organism to organism, the

improvement of one organism entailing the improvement or

the extermination of others; it follows, that the amount of

organic change in the fossils of consecutive formations prob-

ably serves as a fair measure of the relative though not actual

lapse of time. A number of species, however, keeping in a

body might remain for a long period unchanged, whilst within

the same period several of these species by migrating into new
countries and coming into competition with foreign associ-

ates, might become modified; so that we must not overrate

the accuracy of organic change as a measure of time.

In the future I see open fields for far more important re-

searches. Psychology will be securely based on the foundation

already well laid by Mr. Herbert Spencer, that of the neces-

sary acquirement of each mental power and capacity by

gradation. Aluch light will be thrown on the origin of man and

his history.

Authors of the highest eminence seem to be fully satisfied

with the view that each species has been independently cre-

ated. To my mind it accords better with what we know of the

laws impressed on matter by the Creator, that the production
and extinction of the past and present inhabitants of the world

should have been due to secondary causes, like those de-

terming the birth and death of the individual. When I view

all beings not as special creations, but as the lineal descendants

of some few beings which lived long before the first bed of

the Cambrian system was deposited, they seem to me to be-

come ennobled. Judging from the past, we may safely infer

that not one living species will transmit its unaltered likeness

to a distant futurity. And of the species now living very few
will transmit progeny of any kind to a far distant futurity;
for the manner in which all organic beings are grouped, shows
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that the greater number of species in each genus, and all the

species in many genera, have left no descendants, but have be-

come utterly extinct. We can so far take a prophetic glance
into futurity as to foretell that it will be the common and

widely-spread species, belonging to the larger and dominant

groups within each class, which will ultimately prevail and

procreate new and dominant species. As all the living forms

of life are the lineal descendants of those which lived long be-

fore the Cambrian epoch, we may feel certain that the ordi-

nary succession by generation has never once been broken,

and that no cataclysm has desolated the whole world. Hence
we may look with some confidence to a secure future of great

length. And as natural selection works solely by and for the

good of each being, all corporeal and mental endowments will

tend to progress towards perfection.
It is interesting to contemplate a tangled bank, clothed with

many plants of many kinds, with birds singing on the bushes,

with various insects flitting about, and with worms crawling

through the damp earth, and to reflect that these elaborately
constructed forms, so different from each other, and de-

pendent upon each other in so complex a manner, have all

been produced by laws acting around us. These laws, taken

in the largest sense, being Growth with Reproduction; In-

heritance which is almost implied by reproduction; Varia-

bility from the indirect and direct action of the conditions of

life, and from use and disuse: a Ratio of Increase so high as to

lead to a Struggle for Life, and as a consequence to Natural

Selection, entailing Divergence of Character and the Extinc-

tion of less-improved forms. Thus, from the war of nature,

from famine and death, the most exalted object which we are

capable of conceiving, namely, the production of the higher

animals, directly follows. There is grandeur in this view of

life, with its several powers, having been originally breathed

by the Creator into a few forms or into one; and that, whilst

this planet has gone cycling on according to the fixed law of

gravity, from so simple a beginning endless forms most

beautiful and most wonderful have been, and are being
evolved.
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There is perhaps a special significance in the fact that the

1927 Nobel Prize for Literature "was awarded to Henri Berg-
son; at least it immediately suggests recognition for a creative

writer rather than for a thinker who might have founded a

philosophical school. Judged by the range and variety of

Bergson's interests, he was far from being the architect of a

system of ideas. In the interval between 1907, when Creative

Evolution was published, and 1935, which marked the appear-
ance of Two Sources of Morality and Religion in English, the

professor of philosophy at the College de France became a

world figure identified popularly by such literary phrases as

"elan vital" "the flow of reality," and "the full stream of ex-

perience." Laughter interested him as much as conscience. In

all his works, however, emphasis is given to his conception
of the continuity of change in the process of growth, and

growth itself an unending creation, with freedom as its ulti-

mate goal. Basic to his study of existence in Creative Evolu-
tion is his concern with duration and movement. "Duration,"
he writes, "is the continuous progress of the past which gnaws
into the future and which swells as it advances." "The Evolu-
tion of Life," which follows, states the thesis of Bergson's
Creative Evolution.
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HENRI BERGSON

The existence of which we are most assured and which we
know best is unquestionably our own, for of every other ob-

ject we have notions which may be considered external and

superficial, whereas, of ourselves, our perception is internal

and profound. What, then, do we find? In this privileged

case, what is the precise meaning of the word "exist"? Let

us recall here briefly the conclusions of an earlier work.
I find, first of all, that I pass from state to state. I am warm

or cold, I am merry or sad, I work or I do nothing, I look at

what is around me or I think of something else. Sensations,

feelings, volitions, ideas such are the changes into which my
existence is divided and which color it in turns. I change, then,

without ceasing. But this is not saying enough. Change is far

more radical than we are at first inclined to suppose.
For I speak of each of my states as if it formed a block and

were a separate whole. I say indeed that I change, but the

change seems to me to reside in the passage from one state

to the next: of each state, taken separately, I am apt to think

that it remains the same during all the time that it prevails.

Nevertheless, a slight effort of attention would reveal to me
that there is no feeling, no idea, no volition which is not un-

dergoing change every moment: if a mental state ceased to

vary, its duration would cease to flow. Let us take the most
stable of internal states, the visual perception of a motionless

external object. The object may remain the same, I may look
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at it from the same side, at the same angle, in the same light;

nevertheless the vision I now have of it differs from that

which I have just had, even if only because the one is an in-

stant older than the other. My memory is there, which con-

veys something of the past into the present. My mental state,

as it advances on the road of time, is continually swelling with

the duration which it accumulates: it goes on increasing

rolling upon itself, as a snowball on the snow. Still more is

this the case with states more deeply internal, such as sen-

sations, feelings, desires, etc., which do not correspond, like

a simple visual perception, to an unvarying external object.

But it is expedient to disregard this uninterrupted change,
and to notice it only when it becomes sufficient to impress a

new attitude on the body, a new direction on the attention.

Then, and then only, we find that our state has changed. The
truth is that we change without ceasing, and that the state

itself is nothing but change.
This amounts to saying that there is no essential difference

between passing from one state to another and persisting in

the same state. If the state which "remains the same" is more
varied than we think, on the other hand the passing from one

state to another resembles, more than we imagine, a single

state being prolonged; the transition is continuous. But, just

because we close our eyes to the unceasing variation of every

psychical state, we are obliged, when the change has become
so considerable as to force itself on our attention, to speak
as if a new state were placed alongside the previous one. Of
this new state we assume that it remains unvarying in its turn,

and so on endlessly. The apparent discontinuity of the psy-
chical life is then due to our attention being fixed on it by a

series of separate acts: actually there is only a gentle slope;

but in following the broken line of our acts of attention, we
think we perceive separate steps. True, our psychic life is full

of the unforeseen. A thousand incidents arise, which seem to

be cut off from those which precede them, and to be discon-

nected from those which follow. Discontinuous though they

appear, however, in point of fact they stand out against the

continuity of a background on which they are designed, and
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to which indeed they owe the intervals that separate them;

they are the beats of the drum which break forth here and

there in the symphony. Our attention fixes on them because

they interest it more, but each of them is borne by the fluid

mass of our whole psychical existence. Each is only the best

illuminated point of a moving zone which comprises all that

we feel or think or will all, in short, that we are at any

given moment. It is this entire zone which in reality makes up
our state. Now, states thus defined cannot be regarded as

distinct elements. They continue each other in an endless

flow.

But, as our attention has distinguished and separated them

artificially, it is obliged next to reunite them by an artificial

bond. It imagines, therefore, a formless ego, indifferent and

unchangeable, on which it threads the psychic states which it

has set up as independent entities. Instead of a flux of fleeting

shades merging into each other, it perceives distinct and, so

to speak, solid colors, set side by side like the beads of a neck-

lace; it must perforce then suppose a thread, also itself solid,

to hold the beads together. But if this colorless substratum is

perpetually colored by that which covers it, it is for us, in

its indeterminateness, as if it did not exist, since we only per-
ceive what is colored, or, in other words, psychic states. As
a matter of fact, this substratum has no reality; it is merely
a symbol intended to recall unceasingly to our consciousness

the artificial character of the process by which the attention

places clean-cut states side by side, where actually there is a

continuity which unfolds. If our existence were composed of

separate states with an impassive ego to unite them, for us

there would be no duration. For an ego which does not

change does not endure, and a psychic state which remains

the same so long as it is not replaced by the following state

does not endure either. Vain, therefore, is the attempt to

range such states beside each other on the ego supposed to

sustain them: never can these solids strung upon a solid make

up that duration which flows. What we actually obtain in this

way is an artificial imitation of the internal life, a static equiv-
alent which will lend itself better to the requirements of logic



278 HENRI BERGSON

and language, just because we have eliminated from it the

element of real time. But, as regards the psychical life un-

folding beneath the symbols which conceal it, we readily per-
ceive that time is just the stuff it is made of.

There is, moreover, no stuff more resistant nor more sub-

stantial. For our duration is not merely one instant replacing

another; if it were, there would never be anything but the

present no prolonging of the past into the actual, no evolu-

tion, no concrete duration. Duration is the continuous prog-
ress of the past which gnaws into the future and which swells

as it advances. And as the past grows without ceasing, so also

there is no limit to its preservation. Memory, as we have tried

to prove,
1

is not a faculty of putting away recollections in a

drawer, or of inscribing them in a register. There is no reg-

ister, no drawer; there is not even, properly speaking, a fac-

ulty, for a faculty works intermittently, when it will or when
it can, whilst the piling up of the past upon the past goes on
without relaxation. In reality, the past is preserved by itself,

automatically. In its entirety, probably, it follows us at every
instant; all that we have felt, thought and willed from our

earliest infancy is there, leaning over the present which is

about to join it, pressing against the portals of consciousness

that would fain leave it outside/ The cerebral mechanism is

arranged just so as to drive back into the unconscious almost

the whole of this past, and to admit beyond the threshold only
that which can cast light on the present situation or further

the action now being prepared in short, only that which can

give useful work. At the most, a few superfluous recollections

may succeed in smuggling themselves through the half-open
door. These memories, messengers from the unconscious, re-

mind us of what we are dragging behind us unawares. But,

even though we may have no distinct idea of it, we feel

vaguely that our past remains present to us. What are we, in

fact, what is our character, if not the condensation of the his-

tory that we have lived from our birth nay, even before our

birth, since we bring with us prenatal dispositions? Doubtless

1 Matiere et memoire> Paris, 1896, chaps, ii. and iii.
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we think with only a small part of our past, but it is with our

entire past, including the original bent of our soul, that we
desire, will and act. Our past, then, as a whole, is made mani-

fest to us in its impulse; it is felt in the form of tendency,

although a small part of it only is known in the form of idea.

From this survival of the past it follows that consciousness

cannot go through the same state twice. The circumstances

may still be the same, but they will act no longer on the same

person, since they find him at a new moment of his history.
Our personality, which is being built up each instant with its

accumulated experience, changes without ceasing. By chang-

ing, it prevents any state, although superficially identical with

another, from ever repeating it in its very depth. That is why
our duration is irreversible. We could not live over again a

single moment, for we should have to begin by effacing the

memory of all that had followed. Even could we erase this

memory from our intellect, we could not from our will.

Thus our personality shoots, grows and ripens without

ceasing. Each of its moments is something new added to what
was before. We may go further: it is not only something
new, but something unforeseeable. Doubtless, my present
state is explained by what was in me and by what was acting
on me a moment ago. In analyzing it I should find no other

elements. But even a superhuman intelligence would not have

been able to foresee the simple indivisible form which gives
to these purely abstract elements their concrete organization.
For to foresee consists of projecting into the future what has

been perceived in the past, or of imagining for a later time a

new grouping, in a new order, of elements already perceived.
But that which has never been perceived, and which is at the

same time simple, is necessarily unforeseeable. Now such is the

case with each of our states, regarded as a moment in a history
that is gradually unfolding: it is simple, and it cannot have

been already perceived, since it concentrates in its indivisi-

bility all that has been perceived and what the present is add-

ing to it besides. It is an original moment of a no less original

history.

The finished portrait is explained by the features of the
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model, by the nature of the artist, by the colors spread out

on the palette; but, even with the knowledge of what explains

it, no one, not even the artist, could have foreseen exactly
what the portrait would be, for to predict it would have

been to produce it before it was produced an absurd hy-

pothesis which is its own refutation. Even so with regard to

the moments of our life, of which we are the artisans. Each
of them is a kind of creation. And just as the talent of the

painter is formed or deformed in any case, is modified

under the very influence of the works he produces, so each

of our states, at the moment of its issue, modifies our person-

ality, being indeed the new form that we are just assuming.
It is then right to say that what we do depends on what we

are; but it is necessary to add also that we are, to a certain

extent, what we do, and that we are creating ourselves con-

tinually. This creation of self by self is the more complete,
the more one reasons on what one does. For reason does not

proceed in such matters as in geometry, where impersonal

premises are given once for all, and an impersonal conclusion

must perforce be drawn. Here, on the contrary, the same rea-

sons may dictate to different persons, or to the same person
at different moments, acts profoundly different, although

equally reasonable. The truth is that they are not quite the

same reasons, since they are not those of the same person, nor

of the same moment. That is why we cannot deal with them
in the abstract, from outside, as in geometry, nor solve for

another the problems by which he is faced in life. Each must

solve them from within, on his own account. But we need

not go more deeply into this. We are seeking only the pre-
cise meaning that our consciousness gives to this word "exist,"

and we find that, for a conscious being, to exist is to change,
to change is to mature, to mature is to go on creating oneself

endlessly. Should the same be said of existence in general?

A material object, of whatever kind, presents opposite char-

acters to those which we have just been describing. Either it

remains as it is, or else, if it changes under the influence of

an external force, our idea of this change is that of a dis-
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placement of parts which themselves do not change. If these

parts took to changing, we should split them up in their turn.

We should thus descend to the molecules of which the frag-
ments are made, to the atoms that make up the molecules, to

the corpuscles that generate the atoms, to the "imponderable"
within which the corpuscle is perhaps a mere vortex. In short,

we should push the division or analysis as far as necessary. But

we should stop only before the unchangeable.

Now, we say that a composite object changes by the dis-

placement of its parts. But when a part has left its position,
there is nothing to prevent its return to it. A group of ele-

ments which has gone through a state can therefore always
find its way back to that state, if not by itself, at least by
means of an external cause able to restore everything to its

place. This amounts to saying that any state of the group

may be repeated as often as desired, and consequently that the

group does not grow old. It has no history.
Thus nothing is created therein, neither form nor matter.

What the group will be is already present in what it is, pro-
vided "what it is" includes all the points of the universe with

which it is related. A superhuman intellect could calculate,

for any moment of time, the position of any point of the sys-

tem in space. And as there is nothing more in the form of the

whole than the arrangement of its parts, the future forms of

the system are theoretically visible in its present configura-
tion.

All our belief in objects, all our operations on the systems
that science isolates, rest in fact on the idea that time does

not bite into them. We have touched on this question in an

earlier work, and shall return to it in the course of the present

study. For the moment, we will confine ourselves to pointing
out that the abstract time t attributed by science to a material

object or to an isolated system consists only in a certain num-
ber of simultaneities or more generally of correspondences,
and that this number remains the same, whatever be the

nature of the intervals between the correspondences. With
these intervals we are never concerned when dealing with

inert matter; or, if they are considered, it is in order to count
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therein fresh correspondences, between which again we shall

not care what happens. Common sense, which is occupied
with detached objects, and also science, which considers iso-

lated systems, are concerned only with the ends of the inter-

vals and not with the intervals themselves. Therefore the flow

of time might assume an infinite rapidity, the entire past, pres-

ent, and future of material objects or of isolated systems

might be spread out all at once in space, without there being

anything to change either in the formulae of the scientist or

even in the language of common sense. The number t would

always stand for the same thing; it would still count the same

number of correspondences between the states of the objects

or systems and the points of the line, ready drawn, which

would be then the "course of time."

Yet succession is an undeniable fact, even in the material

world. Though our reasoning on isolated systems may imply
that their history, past, present and future, might be instan-

taneously unfurled like a fan, this history, in point of fact,

unfolds itself gradually, as if it occupied a duration like our

own. If I want to mix a glass of sugar and water, I must,

willy-nilly, wait until the sugar melts. This little fact is big
with meaning. For here the time I have to wait is not that

mathematical time which would apply equally well to the

entire history of the material world, even if that history were

spread out instantaneously in space. It coincides with my im-

patience, that is to say, with a certain portion of my own
duration, which I cannot protract or contract as I like. It is

no longer something thought, it is something lived. It is no

longer a relation, it is an absolute. What else can this mean
than that the glass of water, the sugar, and the process of

the sugar's melting in the water are abstractions, and that

the Whole within which they have been cut out by my
senses and understanding progresses, it may be in the manner
of a consciousness?

Certainly, the operation by which science isolates and closes

a system is not altogether artificial. If it had no objective

foundation, we could not explain why it is clearly indicated

in some cases and impossible in others. We shall see that mat-
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ter has a tendency to constitute isolable systems, that can be

treated geometrically. In fact, we shall define matter by
just this tendency. But it is only a tendency. Matter does not

go to the end, and the isolation is never complete. If science

does go to the end and isolate completely, it is for conven-

ience of study; it is understood that the so-called isolated sys-
tem remains subject to certain external influences. Science

merely leaves these alone, either because it finds them slight

enough to be negligible, or because it intends to take them
into account later on. It is none the less true that these influ-

ences are so many threads which bind up the system to an-

other more extensive, and to this a third which includes both,

and so on to the system most objectively isolated and most

independent of all, the solar system complete. But, even here,

the isolation is not absolute. Our sun radiates heat and light

beyond the farthest planet. And, on the other hand, it moves
in a certain fixed direction, drawing with it the planets and

their satellites. The thread attaching it to the rest of the uni-

verse is doubtless very tenuous. Nevertheless it is along this

thread that is transmitted down to the smallest particle of

the world in which we live the duration immanent to the

whole of the universe.

The universe endures. The more we study the nature of

time, the more we shall comprehend that duration means in-

vention, the creation of forms, the continual elaboration of

the absolutely new. The systems marked off by science en-

dure only because they are bound up inseparably with the

rest of the universe. It is true that in the universe itself two

opposite movements are to be distinguished, as we shall see

later on, "descent" and "ascent." The first only unwinds a

roll ready prepared. In principle, it might be accomplished
almost instantaneously, like releasing a spring. But the ascend-

ing movement, which corresponds to an inner work of ripen-

ing or creating, endures essentially, and imposes its rhythm
on the first, which is inseparable from it.

There is no reason, therefore, why a duration, and so a

form of existence like our own, should not be attributed to

the systems that science isolates, provided such systems are
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reintegrated into the Whole. But they must be so reinte-

grated. The same is even more obviously true of the objects

cut out by our perception. The distinct outlines which we see

in an object, and which give it its individuality, are only the

design of a certain kind of influence that we might exert on

a certain point of space: it is the plan of our eventual actions

that is sent back to our eyes, as though by a mirror, when we
see the surfaces and edges of things. Suppress this action, and

with it consequently those main directions which by percep-
tion are traced out for it in the entanglement of the real, and

the individuality of the body is reabsorbed in the universal

interaction which, without doubt, is reality itself.

Now, we have considered material objects generally. Are
there not some objects privileged? The bodies we perceive

are, so to speak, cut out of the stuff of nature by our percep-

tion, and the scissors follow, in some way, the marking of

lines along which action might be taken. But the body which
is to perform this action, the body which marks out upon
matter the design of its eventual actions even before they are

actual, the body that has only to point its sensory organs on
the flow of the real in order to make that flow crystallize into

definite forms and thus to create all the other bodies in

short, the living body is this a body as others are?

Doubtless it, also, consists in a portion of extension bound

up with the rest of extension, an intimate part of the Whole,

subject to the same physical and chemical laws that govern

any and every portion of matter. But, while the subdivision

of matter into separate bodies is relative to our perception,
while the building up of closed-off systems of material points
is relative to our science, the living body has been separated
and closed off by nature herself. It is composed of unlike

parts that complete each other. It performs diverse functions

that involve each other. It is an individual, and of no other

object, not even of the crystal, can this be said, for a crystal

has neither difference of parts nor diversity of functions. No
doubt, it is hard to decide, even in the organized world, what
is individual and what is not. The difficulty is great, even in

the animal kingdom; with plants it is almost insurmountable.
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This difficulty is, moreover, due to profound causes, on which
we shall dwell later. We shall see that individuality admits of

any number of degrees, and that it is not fully realized any-
where, even in man. But that is no reason for thinking it is

not a characteristic property of life. The biologist who pro-
ceeds as a geometrician is too ready to take advantage here of

our inability to give a precise and general definition of in-

dividuality. A perfect definition applies only to a completed

reality; now, vital properties are never entirely realized,

though always on the way to become so; they are not so

much states as tendencies. And a tendency achieves all that

it aims at only if it is not thwarted by another tendency. How,
then, could this occur in the domain of life, where, as we shall

show, the interaction of antagonistic tendencies is always im-

plied? In particular, it may be said of individuality that, while

the tendency to individuate is everywhere present in the or-

ganized world, it is everywhere opposed by the tendency to-

ward reproduction. For the individuality to be perfect, it

would be necessary that no detached part of the organism
could live separately. But then reproduction would be im-

possible. For what is reproduction, but the building up of a

new organism with a detached fragment of the old? Individ-

uality therefore harbors its enemy at home. Its very need of

perpetuating itself in time condemns it never to be complete
in space. The biologist must take due account of both tenden-

cies in every instance, and it is therefore useless to ask him

for a definition of individuality that shall fit all cases and

work automatically.
But too often one reasons about the things of life in the

same way as about the conditions of crude matter. Nowhere
is the confusion so evident as in discussions about individu-

ality. We are shown the stumps of a Lumbriculus, each re-

generating its head and living thenceforward as an independ-
ent individual; a hydra whose pieces become so many fresh

hydras; a sea-urchin's egg whose fragments develop complete

embryos: where then, we are asked, was the individuality of

the egg, the hydra, the worm? But, because there are several

individuals now, it does not follow that there was not a single
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individual just before. No doubt, when I have seen several

drawers fall from a chest, I have no longer the right to say
that the article was all of one piece. But the fact is that there

can be nothing more in the present of the chest of drawers

than there was in its past, and if it is made up of several differ-

ent pieces now, it was so from the date of its manufacture.

Generally speaking, unorganized bodies, which are what we
have need of in order that we may act, and on which we have

modeled our fashion of thinking, are regulated by this simple
law: the present contains nothing more than the past, and

what is found in the effect was already in the cause. But sup-

pose that the distinctive feature of the organized body is that

it grows and changes without ceasing, as indeed the most su-

perficial observation testifies, there would be nothing aston-

ishing in the fact that it was one in the first instance, and

afterwards many. The reproduction of unicellular organisms
consists in just this the living being divides into two halves,

of which each is a complete individual. True, in the more

complex animals, nature localizes in the almost independent
sexual cells the power of producing the whole anew. But

something of its power may remain diffused in the rest of

the organism, as the facts of regeneration prove, and it is con-

ceivable that in certain privileged cases the faculty may per-
sist integrally in a latent condition and manifest itself on the

first opportunity. In truth, that I may have the right to speak
of individuality, it is not necessary that the organism should

be without the power to divide into fragments that are able

to live. It is sufficient that it should have presented a certain

systematization of parts before the division, and that the same

systematization tend to be reproduced in each separate por-
tion afterwards. Now, that is precisely what we observe in

the organic world. We may conclude, then, that individuality

is never perfect, and that it is often difficult, sometimes im-

possible, to tell what is an individual, and what is not, but that

life nevertheless manifests a search for individuality, as if it

strove to constitute systems naturally isolated, naturally
closed.
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By this is a living being distinguished from all that our per-

ception or our science isolates or closes artificially. It would

therefore be wrong to compare it to an object. Should we
wish to find a term of comparison in the inorganic world, it

is not to a determinate material object, but much rather to

the totality of the material universe that we ought to compare
the living organism. It is true that the comparison would not

be worth much, for a living being is observable, whilst the

whole of the universe is constructed or reconstructed by
thought. But at least our attention would thus have been

called to the essential character of organization. Like the

universe as a whole, like each conscious being taken sepa-

rately, the organism which lives is a thing that endures. Its

past, in its entirety, is prolonged into its present, and abides

there, actual and acting. How otherwise could we under-

stand that it passes through distinct and well-marked phases,
that it changes its age in short, that it has a history? If I con-

sider my body in particular, I find that, like my conscious-

ness, it matures little by little from infancy to old age; like

myself, it grows old. Indeed, maturity and old age are, prop-

erly speaking, attributes only of my body; it is only meta-

phorically that I apply the same names to the corresponding

changes of my conscious self. Now, if I pass from the top to

the bottom of the scale of living beings, from one of the most

to one of the least differentiated, from the multicellular or-

ganism of man to the unicellular organism of the Infusorian,

I find, even in this simple cell, the same process of growing
old. The Infusorian is exhausted at the end of a certain num-
ber of divisions, and though it may be possible, by modifying
the environment, to put off the moment when a rejuvenation

by conjugation becomes necessary, this cannot be indefinitely

postponed.
2

It is true that between these two extreme cases,

in which the organism is completely individualized, there

might be found a multitude of others in which the individual-

2
Calkins, Studies on the Life History of Protozoa (Archiv f.

Enfiwick-lungsmechawk, vol. xv., 1903, pp. 139-186).
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ity is less well marked, and in which, although there is doubt-

less an aging somewhere, one cannot say exactly what it is

that grows old. Once more, there is no universal biological

law which applies precisely and automatically to every living

thing. There are only directions in which life throws out spe-

cies in general. Each particular species, in the very act by
which it is constituted, affirms its independence, follows its

caprice, deviates more or less from the straight line, some-

times even remounts the slope and seems to turn its back on

its original direction. It is easy enough to argue that a tree

never grows old, since the tips of its branches are always

equally young, always equally capable of engendering new
trees by budding. But in such an organism which is, after all,

a society rather than an individual something ages, if only
the leaves and the interior of the trunk. And each cell, con-

sidered separately, evolves in a specific way. Wherever any-

thing lives, there is, open somewhere, a register in 'which

time is being inscribed.

This, it will be said, is only a metaphor. It is of the very
essence of mechanism, in fact, to consider as metaphorical

every expression which attributes to time an effective action

and a reality of its own. In vain does immediate experience
show us that the very basis of our conscious existence is mem-

ory, that is to say, the prolongation of the past into the pres-

ent, or, in a word, duration, acting and irreversible. In vain

does reason prove to us that the more we get away from the

objects cut out and the systems isolated by common sense and

by science and the deeper we dig beneath them, the more we
have to do with a reality which changes as a whole in its in-

most states, as if an accumulative memory of the past made it

impossible to go back again. The mechanistic instinct of the

mind is stronger than reason, stronger than immediate ex-

perience. The metaphysician that we each carry uncon-

sciously within us, and the presence of which is explained,
as we shall see later on, by the very place that man occupies

amongst the living beings, has its fixed requirements, its

ready-made explanations, its irreducible propositions: all

unite in denying concrete duration. Change must be reducible
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to an arrangement or rearrangement of parts; the irreversi-

bility of time must be an appearance relative to our igno-

rance; the impossibility of turning back must be only the in-

ability of man to put things in place again. So growing old

can be nothing more than the gradual gain or loss of certain

substances, perhaps both together. Time is assumed to have

just as much reality for a living being as for an hour-glass, in

which the top part empties while the lower fills, and all goes
where it was before when you turn the glass upside down.

True, biologists are not agreed on what is gained and what
is lost between the day of birth and the day of death. There

are those who hold to the continual growth in the volume

of protoplasm from the birth of the cell right on to its death.8

More probable and more profound is the theory according
to which the diminution bears on the quantity of nutritive

substance contained in that "inner environment" in which

the organism is being renewed, and the increase on the quan-

tity of unexcreted residual substances which, accumulating
in the body, finally "crust it over." 4 Must we however with

an eminent bacteriologist declare any explanation of grow-

ing old insufficient that does not take account of phagocy-
tosis?

5 We do not feel qualified to settle the question. But

the fact that the two theories agree in affirming the constant

accumulation or loss of a certain kind of matter, even though

they have little in common as to what is gained and lost,

shows pretty well that the frame of the explanation has been

furnished a priori. We shall see this more and more as we

proceed with our study: it is not easy, in thinking of time, to

escape the image of the hour-glass.

The cause of growing old must lie deeper. We hold that

3
Sedgwick Minot, On Certain Phenomena of Growing Old

(Proc. Amer. Assoc. for the Advancement of Science, 39th Meet-

ing, Salem, 1891, pp. 271-288).
4 Le Dantec, Ulndividualite et Verreur individualiste, Paris, 1905,

pp.84 ff.

6
Metchnikoff, La Degenerescence senile (Annee biologique, iii.,

1897, pp. 249 ff.). Cf. by the same author, La Nature humaine
t

Paris, 1903, pp. 312 ff.
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there is unbroken continuity between the evolution of the

embryo and that of the complete organism. The impetus
which causes a living being to grow larger, to develop and

to age, is the same that has caused it to pass through the phases
of the embryonic life. The development of the embryo is a

perpetual change of form. Anyone who attempts to note all

its successive aspects becomes lost in an infinity, as is inevi-

table in dealing with a continuum. Life does but prolong this

prenatal evolution. The proof of this is that it is often im-

possible for us to say whether we are dealing with an organ-
ism growing old or with an embryo continuing to evolve;

such is the case, for example, with the larvae of insects and

Crustacea. On the other hand, in an organism such as our own,
crises like puberty or the menopause, in which the individual

is completely transformed, are quite comparable to changes
in the course of larval or embryonic life yet they are part
and parcel of the process of our aging. Although they occur

at a definite age and within a time that may be quite short,

no one would maintain that they appear then ex abrupto,

from without, simply because a certain age is reached, just

as a legal right is granted to us on our one-and-twentieth

birthday. It is evident that a change like that of puberty is in

course of preparation at every instant from birth, and even

before birth, and that the aging up to that crisis consists, in

part at least, of this gradual preparation. In short, what is

properly vital in growing old is the insensible, infinitely grad-

uated, continuance of the change of form. Now, this change
is undoubtedly accompanied by phenomena of organic de-

struction: to these, and to these alone, will a mechanistic ex-

planation of aging be confined. It will note the facts of scle-

rosis, the gradual accumulation of residual substances, the

growing hypertrophy of the protoplasm of the cell. But under

these, visible effects an inner cause lies hidden. The evolution

of the living being, like that of the embryo, implies a con-

tinual recording of duration, a persistence of the past in the

present, and so an appearance, at least, of organic memory.
The present state of an unorganized body depends ex-

clusively on what happened at the previous instant; and like-
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wise the position of the material points of a system defined

and isolated by science is determined by the position of these

same points at the moment immediately before. In other

words, the laws that govern unorganized matter are express-

ible, in principle, by differential equations in which time (in

the sense in which the mathematician takes this word) would

play the role of independent variable. Is it so with the laws of

life? Does the state of a living body find its complete explana-
tion in the state immediately before? Yes, if it is agreed a

priori to liken the living body to other bodies, and to identify

it, for the sake of the argument, with the artificial systems on

which the chemist, physicist and astronomer operate. But in

astronomy, physics and chemistry the proposition has a per-

fectly definite meaning: it signifies that certain aspects of the

present, important for science, are calculable as functions of

the immediate past. Nothing of the sort in the domain of life.

Here calculation touches, at most, certain phenomena of or-

ganic destruction. Organic creation, on the contrary, the

evolutionary phenomena which properly constitute life, we
cannot in any way subject to a mathematical treatment. It

will be said that this impotence is due only to our ignorance.
But it may equally well express the fact that the present mo-
ment of a living body does not find its explanation in the

moment immediately before, that all the past of the organism
must be added to that moment, its heredity in fact, the

whole of a very long history. In the second of these two hy-

potheses, not in the first, is really expressed the present state

of the biological sciences, as well as their direction. As for

the idea that the living body might be treated by some super-
human calculator in the same mathematical way as our solar

system, this has gradually arisen from a metaphysic which has

taken a more precise form since the physical discoveries of

Galileo, but which, as we shall show, was always the natural

metaphysic of the human mind. Its apparent clearness, our

impatient desire to find it true, the enthusiasm with which

so many excellent minds accept it without proof all the se-

ductions, in short, that it exercises on our thought, should put
us on our guard against it. The attraction it has for us proves
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well enough that it gives satisfaction to an innate inclination.

But, as will be seen further on, the intellectual tendencies in-

nate today, which life must have created in the course of its

evolution, are not at all meant to supply us with an explana-
tion of life: they have something else to do.

Any attempt to distinguish between an artificial and a nat-

ural system, between the dead and the living, runs counter to

this tendency at once. Thus it happens that we find it equally
difficult to imagine that the organized has duration and that

the unorganized has not. When we say that the state of an

artificial system depends exclusively on its state at the mo-
ment before, does it not seem as if we were bringing time in,

as if the system had something to do with real duration? And,
on the other hand, though the whole of the past goes into the

making of the living being's present moment, does not organic

memory press it into the moment immediately before the

present, so that the moment immediately before becomes the

sole cause of the present one? To speak thus is to ignore the

cardinal difference between concrete time, along which a real

system develops, and that abstract time which enters into our

speculations on artificial systems. What does it mean, to say
that the state of an artificial system depends on what it was
at the moment immediately before? There is no instant im-

mediately before another instant; there could not be, any
more than there could be one mathematical point touching
another. The instant "immediately before" is, in reality, that

which is connected with the present instant by the interval

dt. All that you mean to say, therefore, is that the present state

of the system is defined by equations into which differential

coefficients enter, such as
ds\dt, dv\dt, that is to say, at bot-

tom, present velocities and present accelerations. You are

therefore really speaking only of the present a present, it is

true, considered along with its tendency. The systems science

works with are, in fact, in an instantaneous present that is

always being renewed; and such systems are never in that

real, concrete duration in which the past remains bound up
with the present. When the mathematician calculates the fu-

ture state of a system at the end of a time t, there is nothing
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to prevent him from supposing that the universe vanishes

from this moment till that, and suddenly reappears. It is the

t-th moment only that counts and that will be a mere in-

stant. What will flow on in the interval that is to say, real

time does not count, and cannot enter into the calculation.

If the mathematician says that he puts himself inside this in-

terval, he means that he is placing himself at a certain point,
at a particular moment, therefore at the extremity again of a

certain time tf\ with the interval up to T' he is not concerned.

If he divides the interval into infinitely small parts by consid-

ering the differential dt, he thereby expresses merely the fact

that he will consider accelerations and velocities that is to

say, numbers which denote tendencies and enable him to cal-

culate the state of the system at a given moment. But he is

always speaking of a given moment a static moment, that

is and not of flowing time. In short, the world the mathema-
tician deals with is a 'world that dies and is reborn at every
instant the world which Descartes was thinking of when he

spoke of continued creation. But, in time thus conceived, how
could evolution, which is the very essence of life, ever take

place? Evolution implies a real persistence of the past in the

present, a duration which is, as it were, a hyphen, a connect-

ing link. In other words, to know a living being or natural

system is to get at the very interval of duration, while the

knowledge of an artificial or mathematical system applies only
to the extremity.

Continuity of change, preservation of the past in the pres-

ent, real duration the living being seems, then, to share these

attributes with consciousness. Can we go further and say that

life, like conscious activity, is invention, is unceasing cre-

ation?










