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Galileo Galilei:
Letter to the Grand Duchess Christina of

Tuscany, 1615

To the Most Serene Grand Duchess Mother:

Some years ago, as Your Serene Highness well knows, | discovered in the heavens many
things that had not been seen before our own age. The novelty of these things, as well as
some consequences which followed from them in contradiction to the physical notions
commonly held among academic philosophers, stirred up against me no small number of
professors-as if | had placed these things in the sky with my own hands in order to upset
nature and overturn the sciences. They seemed to forget that the increase of known truths
stimulates the investigation, establishment, and growth of the arts; not their diminution or

destruction.

Showing a greater fondness for their own opinions than for truth they sought to deny and
disprove the new things which, if they had cared to look for themselves, their own senses
would have demonstrated to them. To this end they hurled various charges and published
numerous writings filled with vain arguments, and they made the grave mistake of sprinkling
these with passages taken from places in the Bible which they had failed to understand

properly, and which were ill-suited to their purposes. [. . .]

Persisting in their original resolve to destroy me and everything mine by any means they can
think of, these men are aware of my views in astronomy and philosophy. They know that as
to the arrangement of the parts of the universe, | hold the sun to be situated motionless in the
center of the revolution of the celestial orbs while the earth revolves about the sun. They
know also that | support this position not only by refuting the arguments of Ptolemy and
Aristotle, but by producing many counter-arguments; in particular, some which relate to

physical effects whose causes can perhaps be assigned in no other way. In addition there



are astronomical arguments derived from many things in my new celestial discoveries that
plainly confute the Ptolemaic system while admirably agreeing with and confirming the
contrary hypothesis. Possibly because they are disturbed by the known truth of other
propositions of mine which differ from those commonly held, and therefore mistrusting their
defense so long as they confine themselves to the field of philosophy, these men have
resolved to fabricate a shield for their fallacies out of the mantle of pretended religion and the
authority of the Bible. These they apply with little judgment to the refutation of arguments that

they do not understand and have not even listened to.

First they have endeavored to spread the opinion that such propositions in general are
contrary to the Bible and are consequently damnable and heretical. They know that it is
human nature to take up causes whereby a man may oppress his neighbor, no matter how
unjustly, rather than those from which a man may receive some just encouragement. Hence
they have had no trouble in finding men who would preach the damnability and heresy of the
new doctrine from their very pulpits with unwonted confidence, thus doing impious and
inconsiderate injury not only to that doctrine and its followers but to all mathematics and
mathematicians in general. Next, becoming bolder, and hoping (though vainly) that this seed
which first took root in their hypocritical minds would send out branches and ascend to
heaven, they began scattering rumors among the people that before long this doctrine would
be condemned by the supreme authority. They know, too, that official condemnation would
not only sup press the two propositions which | have mentioned, but would render damnable
all other astronomical and physical statements and observations that have any necessary

relation or connection with these.

In order to facilitate their designs, they seek so far as possible (at least among the common
people) to make this opinion seem new and to belong to me alone. They pretend not to know
that its author, or rather its restorer and confirmer, was Nicholas Copernicus; and that he was
not only a Catholic, but a priest and a canon. He was in fact so esteemed by the church that
when the Lateran Council under Leo X took up the correction of the church calendar,
Copernicus was called to Rome from the most remote parts of Germany to undertake its
reform. At that time the calendar was defective because the true measures of the year and
the lunar month were not exactly known. The Bishop of Culm, then superintendent of this

matter, assigned Copernicus to seek more light and greater certainty concerning the celestial
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motions by means of constant study and labor. With Herculean toil he set his admirable mind
to this task, and he made such great progress in this science and brought our knowledge of
the heavenly motions to such precision that he became celebrated as an astronomer. Since
that time not only has the calendar been regulated by his teachings, but tables of all the

motions of the planets have been calculated as well.

Having reduced his system into six books, he published these at the instance of the Cardinal
of Capua and the Bishop of Culm. And since he had assumed his laborious enterprise by
order of the supreme pontiff, he dedicated this book On the celestial revolutions to Pope Paul
lll. When printed, the book was accepted by the holy Church, and it has been read and
studied by everyone without the faintest hint of any objection ever being conceived against its
doctrines. Yet now that manifest experiences and necessary proofs have shown them to be
well grounded, persons exist who would strip the author of his reward without so much as
looking at his book, and add the shame of having him pronounced a heretic. All this they
would do merely to satisfy their personal displeasure conceived without any cause against

another man, who has no interest in Copernicus beyond approving his teachings.

Now as to the false aspersions which they so unjustly seek to cast upon me, | have thought it
necessary to justify myself in the eyes of all men, whose judgment in matters of religion and
of reputation | must hold in great esteem. | shall therefore discourse of the particulars which
these men produce to make this opinion detested and to have it condemned not merely as
false but as heretical. To this end they make a shield of their hypocritical zeal for religion.
They go about invoking the Bible, which they would have minister to their deceitful purposes.
Contrary to the sense of the Bible and the intention of the holy Fathers, if | am not mistaken,
they would extend such authorities until even m purely physical matters - where faith is not
involved - they would have us altogether abandon reason and the evidence of our senses in
favor of some biblical passage, though under the surface meaning of its words this passage

may contain a different sense.

| hope to show that | proceed with much greater piety than they do, when | argue not against
condemning this book, but against condemning it in the way they suggest-that is, without
under standing it, weighing it, or so much as reading it. For Copernicus never discusses

matters of religion or faith, nor does he use argument that depend in any way upon the



authority of sacred writings which he might have interpreted erroneously. He stands always
upon physical conclusions pertaining to the celestial motions, and deals with them by
astronomical and geometrical demonstrations, founded primarily upon sense experiences
and very exact observations. He did not ignore the Bible, but he knew very well that if* his
doctrine were proved, then it could not contradict the Scriptures when they were rightly

understood . . .

Hence | think that | may reasonably conclude that whenever the Bible has occasion to speak
of any physical conclusion (especially those which are very abstruse and hard to
understand), the rule has been observed of avoiding confusion in the minds of the common
people which would render them contumacious toward the higher mysteries. Now the Bible,
merely to condescend to popular capacity, has not hesitated to obscure some very important
pronouncements, attributing to God himself some qualities extremely remote from (and even
contrary to) His essence. Who, then, would positively declare that this principle has been set
aside, and the Bible has confined itself rigorously to the bare and restricted sense of its
words, when speaking but casually of the earth, of water, of the sun, or of any other created
thing? Especially in view of the fact that these things in no way concern the primary purpose
of the sacred writings, which is the service of God and the salvation of souls - matters

infinitely beyond the comprehension of the common people.

This being granted, | think that in discussions of physical problems we ought to begin not
from the authority of scriptural passages but from sense experiences and necessary
demonstrations; for the holy Bible and the phenomena of nature proceed alike from the divine
Word the former as the dictate of the Holy Ghost and the latter as the observant executrix of
God's commands. It is necessary for the Bible, in order to be accommodated to the
understanding of every man, to speak many things which appear to differ from the absolute
truth so far as the bare meaning of the words is concerned. But Nature, on the other hand, is
inexorable and immutable; she never transgresses the laws imposed upon her, or cares a
whit whether her abstruse reasons and methods of operation are understandable to men. For
that reason it appears that nothing physical which sense experience sets before our eyes, or
which necessary demonstrations prove to us, ought to be called in question (much less
condemned) upon the testimony of biblical passages which may have some different

meaning beneath their words. For the Bible is not chained in every expression to conditions



as strict as those which govern all physical effects; nor is God any less excellently revealed in
Nature's actions than in the sacred statements of the Bible. Perhaps this is what Tertullian
meant by these words: "We conclude that God is known first through Nature, and then again,

more particularly, by doctrine, by Nature in His works, and by doctrine in His revealed word."

From this | do not mean to infer that we need not have an extraordinary esteem for the
passages of holy Scripture. On the contrary, having arrived at any certainties in physics, we
ought to utilize these as the most appropriate aids in the true exposition of the Bible and in
the investigation of those meanings which are necessarily contained therein, for these must
be concordant with demonstrated truths. | should judge that the authority of the Bible was
designed to persuade men of those articles and propositions which, surpassing all human
reasoning could not be made credible by science, or by any other means than through the
very mouth of the Holy Spirit.

Yet even in those propositions which are not matters of faith, this authority ought to be
preferred over that of all human writings which are supported only by bare assertions or
probable arguments, and not set forth in a demonstrative way. This | hold to be necessary
and proper to the same extent that divine wisdom surpasses all human judgment and

conjecture.

But | do not feel obliged to believe that the same God who has endowed us with senses,
reason and intellect has intended us to forego their use and by some other means to give us
knowledge which we can attain by them. He would not require us to deny sense and reason
in physical matters which are set before our eyes and minds by direct experience or
necessary demonstrations. This must be especially true in those sciences of which but the
faintest trace (and that consisting of conclusions) is to be found in the Bible. Of astronomy;
for instance, so little is found that none of the planets except Venus are so much as
mentioned, and this only once or twice under the name of "Lucifer." If the sacred scribes had
had any intention of teaching people certain arrangements and motions of the heavenly
bodies, or had they wished us to derive such knowledge from the Bible, then in my opinion
they would not have spoken of these matters so sparingly in comparison with the infinite
number of admirable conclusions which are demonstrated in that science. Far from

pretending to teach us the constitution and motions of the heavens and other stars, with their



shapes, magnitudes, and distances, the authors of the Bible intentionally forbore to speak of

these things, though all were quite well known to them. [...]

If in order to banish the opinion in question from the world it were sufficient to stop the mouth
of a single man-as perhaps those men persuade themselves who, measuring the minds of
others by their own, think it impossible that this doctrine should be able to continue to find
adherents-then that would be very easily done. But things stand otherwise. To carry out such
a decision it would be necessary not only to prohibit the book of Copernicus and the writings
of other authors who follow the same opinion, but to ban the whole science of astronomy.
Furthermore, it would be necessary to forbid men to look at the heavens, in order that they
might not see Mars and Venus sometimes quite near the earth and sometimes very distant,
the variation being so great that Venus is forty times and Mars sixty times as large at one
time as at another. And it would be necessary to prevent Venus being seen round at one time
and forked at another, with very thin horns; as well as many other sensory observations
which can never be reconciled with the Ptolemaic system in any way, but are very strong
arguments for the Copernican. And to ban Copernicus now that his doctrine is daily
reinforced by many new observations and by the learned applying themselves to the reading
of his book, after this opinion has been allowed and tolerated for these many years during
which it was less followed and less confirmed, would seem in my judgment to be a
contravention of truth, and an attempt to hide and suppress her the more as she revealed

herself the more clearly and plainly. [ .. .]

Therefore let these men begin to apply themselves to an examination of the arguments of
Copernicus and others, leaving condemnation of the doctrine as erroneous and heretical ' to
the proper authorities. Among the circumspect and most wise Fathers, and in the absolute
wisdom of one who cannot err, they may never hope to find the rash decisions into which
they allow them selves to be hurried by some particular passion or personal interest. With
regard to this opinion, and others which are not directly matters of faith, certainly no one
doubts that the Supreme Pontiff has always an absolute power to approve or condemn; but it
is not in the power: of any created being to make things true or false, for this belongs to their
own nature and to the fact. Therefore in my judgment one should first be assured of the
necessary and immutable truth of the fact, over which no man has power. This is wiser

counsel than to condemn either side in the absence of such certainty, thus depriving oneself
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of continued authority and ability to choose by determining things which are now
undetermined and open and still lodged in the will of supreme authority. And in brief, if it is
impossible for a conclusion to be declared heretical while we remain in doubt as to its truth,
then these men are wasting their time clamoring for condemnation of the motion of the earth

and stability of the sun, which they have not yet demonstrated to be impossible or false ....

This text is abridged from part of the Internet Modern History Sourcebook. The Sourcebook is a collection of
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Francis Bacon:
The New Organon, Or True Directions

Concerning the Interpretation of Nature, 1620

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.
[l

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.
\Y,

Toward 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.



\Y

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 expect that things which have never

yet been done can be done except by means which have never yet been tried.

VI

The productions of the mind and hand seem very numerous 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.

VI

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.
X

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.
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Xl

As the sciences which we now have do not help us in finding out new works, so neither does

the logic which we now have help us in finding out new sciences.
Xl

The logic now in use serves rather to fix and give stability to the errors which have their
foundation in commonly received notions than to help the search after truth. So it does more

harm than good.
X1l

The syllogism is not applied to the first principles of sciences, and is applied in vain to
intermediate axioms, being no match for the subtlety of nature. It commands assent therefore

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 notions themselves (which is the root of the matter) are confused
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, Repulsion, Element, Matter, Form, and the

like; but all are fantastical 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
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another. All the others which men have hitherto adopted are but wanderings, not being

abstracted and formed from things by proper methods.

XVII

Nor is there less of willfulness and wandering in the construction of axioms than in the
formation of notions, not excepting even those very principles which are obtained by common

induction; but much more in the axioms and lower propositions educed by the syllogism.

XVII

The discoveries which have hitherto been made in the sciences are such as lie close to
vulgar notions, scarcely beneath 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 introduced
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 particulars to the most general axioms, and from these principles, the
truth of which it takes for settled and immovable, proceeds 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 unbroken 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 logical 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 by logic, because of the order and solemnity of its disputations.
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XXI

The understanding left to itself, in a sober, patient, and grave mind, especially if it be not
hindered by received doctrines, tries a little that other way, which is the right one, but with
little progress, since the understanding, unless directed and assisted, is a thing unequal, and

quite unfit to contend with the obscurity of things.

XXl

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 certain 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 argument.
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 general occurrence, are made for the most part just large enough 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
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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 matters of nature, | call for the sake
of distinction Anticjpations of Nature (as a thing rash or premature). That reason which is

elicited from facts by a just and methodical process, | call /nterpretation 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.

XXVII

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
occurrence, 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 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 subsequent remedies.
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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 progress.

XXX

The honor of the ancient authors, and indeed of all, remains untouched, since the
comparison | challenge is not of wits or faculties, but of ways and methods, and the part |

take upon myself is not that of a judge, but of a guide.

XXX

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 reasoning which
is now in use); since | cannot be called on to abide by the sentence of a tribunal which is itself

on trial.

XXXIV

Even to deliver and explain what | 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. | 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.
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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 a while 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. | 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 |

proceed to devise and supply helps for the same.
XXXVIII

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
entrance, but even after entrance is 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.

Excerpted from complete text: http://www.constitution.org/bacon/nov_org.htm
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Isaac Newton, 7he Mathematical Principles of
Natural Philosophy [trans. of Principia, 1687]
by A. Motte, 1729

Axioms, Or Laws of Motion

LAW I. Every body perseveres in its state of rest, or of uniform motion in a right line, unless it

/s compelled to change that state by forces impressed thereon.

PROJECTILES persevere in their motions, so far as they are not retarded by the resistance
of the air, or impelled downwards by the force of gravity. A top, whose parts by their cohesion
are perpetually drawn aside from rectilinear motions, does not cease its rotation, otherwise
than as it is retarded by the air. The greater bodies of the planets and comets, meeting with
less resistance in more free spaces, preserve their motions both progressive and circular for

a much longer time.

LAW II. The alferation of motion is ever proportional fo the motive force impressed, and is

made in the direction of the right line in which that force is impressed.

If any force generates a motion, a double force will generate double the motion, a triple force
triple the motion, whether that force be impressed altogether and at once, or gradually and
successively. And this motion (being always directed the same way with the generating
force), if the body moved before, is added to or subtracted from the former motion, according
as they directly conspire with or are directly contrary to each other; or obliquely joined, when

they are oblique, so as to produce a new motion compounded from the determination of both.

LAW Ill. To every action there is always opposed an equal reaction; or the mutual actions of

two bodlies upon each other are always equal, and directed to contrary parts.
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Whatever draws or presses another is as much drawn or pressed by that other. If you press a
stone with your finger, the finger is also pressed by the stone. If a horse draws a stone tied to
a rope, the horse (if | may so say) will be equally drawn back towards the stone: for the
distended rope, by the same endeavor to relax or unbend itself, will draw the horse as much
towards the stone as it does the stone towards the horse, and will obstruct the progress of
the one as much as it advances that of the other. If a body impinges upon another, and by its
force change the motion of the other, that body also (became of the quality of, the mutual
pressure) will undergo an equal change, in its own motion, towards the contrary part. The
changes made by these actions are equal, not in the velocities but in the motions of bodies;
that is to say, if the bodies are not hindered by any other impediments. For, because the
motions are equally changed, the changes of the velocities made towards contrary parts are

reciprocally proportional to the bodies.

The Rules of Reasoning in Philosophy

RULE 1 We are to admit no more causes of natural things, than such as are both true and

sufficient fo explain their appearances.

To this purpose the philosophers say, that Nature does nothing in vain, and more is in vain,
when less will serve; for Nature is pleased with simplicity, and affects not the pomp of

superfluous causes.

RULE Il Therefore fo the same natural effects we must, as far as possible, assign the same

causes.

As to respiration in a man, and in a beast; the descent of stones in Europe and in America;
the light of* our culinary fire and of the sun; the reflection of light in the earth, and in the

planets

RULE Il The qualities of bodies, which admit neither intension nor remission of degrees, and
which are found fo belong to all bodies within reach of our experiments, are to be esteemed

the universal qualities of all bodies whatsoever.
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For since the qualities of bodies are only known to us by experiments, we are to hold for
universal, all such as universally agree with experiments; and such as are not liable to
diminution, can never be quite taken away. We are certainly not to relinquish the evidence of
experiments for the sake of dreams and vain fictions of our own devising; nor are we to
recede from the analogy of Nature, which is wont to be simple, and always consonant to
itself. We no other way know the extension of bodies, than by our senses, nor do these reach
it in all bodies; but because we perceive extension in all that are sensible, therefore we
ascribe it universally to all others, also. That abundance of bodies are hard we learn by
experience. And because the hardness of the whole arises from the hardness of the parts,
we therefore justly infer the hardness of the undivided particles not only of the bodies we feel
but of all others. That all bodies are impenetrable we gather not from reason, but from
sensation. The bodies which we handle we find impenetrables and thence conclude
impenetrability to be a universal property of all bodies whatsoever. That all bodies are
moveable, and endowed with certain powers (which we call the forces of inertia) or
persevering in their motion or in their rest, we only infer from the like properties observed in
the bodies which we have seen. The extension, hardness, impenetrability, mobility, and force
of inertia of the whole result from the extension, hardness, impenetrability, mobility, and
forces of inertia of the parts: and thence we conclude that the least particles of all bodies to
be also all extended, and hard, and impenetrable, and moveable, and endowed with their
proper forces of inertia. And this is the foundation of all philosophy. Moreover, that the divided
but contiguous particles of bodies may be separated from one another, is a matter of
observation; and, in the particles that remain undivided, our minds are able to distinguish yet
lesser parts, as is mathematically demonstrated. But whether the parts so distinguished, and
not yet divided, may, by the powers of nature, be actually divided and separated from one
another, we cannot certainly determine. Yet had we the proof of but one experiment, that any
undivided particle, in breaking a hard and solid body, suffered a division, we might by virtue
of this rule, conclude, that the undivided as well as the divided particles, may be divided and
actually separated into infinity.

Lastly, if it universally appears, by experiments and astronomical observations, that all bodies
about the earth, gravitate toward the earth; and that in proportion to the quantity of matter
which they severally contain; that the moon likewise, according to the quantity of its matter,

gravitates toward the earth; that on the other hand our sea gravitates toward the moon; and
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all the planets mutually one toward another; and the comets in like manner towards the sun;
we must, in consequence of this rule, universally allow, that all bodies whatsoever are
endowed with a principle of mutual gravitation. For the argument from the appearances
concludes with more force for the universal gravitation of all bodies, than for their
impenetrability, of which among those in the celestial regions, we have no experiments, nor
any manner of observation. Not that | affirm gravity to be essential to all bodies. By their
inherent force | mean nothing but their force of inertia. This is immutable. Their gravity is

diminished as they recede from the earth.

RULE IV In experimental philosophy we are fo look upon propositions collected by general
induction from phenomena as accurately or very nearly true, notwithstanding any contrary
hypotheses that may be imagined, till such time as other phenomena occur, by which they

may either be made more accurate, or liable fo exceptions.

This rule we must follow that the argument of induction may not be evaded by hypotheses.

Most of this text is part of the Internet Modern History Sourcebook. The Sourcebook is a collection of public

domain and copy-permitted texts for introductory level classes in modern European and World history. (c) Paul
Halsall (1997) halsall@murray.fordham.edu

20


http://www.fordham.edu/halsall/mod/modsbook.html
mailto:halsall@murray.fordham.edu

Rene Descartes, Discourse on the Method of
Rightly Conducting the Reason, and Seeking
the Truth in the Sciences, 1637

From PART Il

But like one walking alone and in the dark, | resolved to proceed so slowly and with such
circumspection, that if | did not advance far, | would at least guard against falling. | 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 | 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, | had, at an earlier period, given some attention to logic,
and among those of the mathematics to geometrical analysis and algebra — three arts or
sciences which ought, as | conceived, to contribute something to my design. But, on
examination, | 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 judgment of things of which we are ignorant, than in the investigation of
the unknown; and although this science contains indeed 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
exclusively restricted to the consideration of figures, that it can exercise the understanding
only on condition of greatly fatiguing 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
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obscurity calculated to embarrass, instead of a science fitted to cultivate the mind. By these
considerations | 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, instead of the great number of precepts of which logic is
composed, | believed that the four following would prove perfectly sufficient for me, provided |

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 | 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.

The second, to divide each of the difficulties under examination into as many parts as

possible, and as might be necessary for its adequate solution.

The third, to conduct my thoughts in such order that, by commencing with objects the
simplest and easiest to know, | 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 nature do not stand in a relation of antecedence and sequence.

And the last, in every case to make enumerations so complete, and reviews so general, that |

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 preserve in our thoughts the order necessary for the deduction of one
truth from another. And | had little difficulty in determining the objects with which it was
necessary to commence, for | 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
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certain and evident reasons, | did not doubt but that such must have been the rule of their
investigations. | resolved to commence, therefore, with the examination of the simplest
objects, not anticipating, however, from this any other advantage 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 | 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 those objects, | 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 | 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 | should sometimes have to consider them one by
one and sometimes only to bear them in mind, or embrace them in the aggregate, | thought
that, in order the better to consider them individually, | should view them as subsisting
between straight lines, than which | 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, | should express them
by certain characters the briefest possible. In this way | believed that | 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. ...

From PART IV

| am in doubt as to the propriety of making my first meditations 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 determined whether the foundations that |
have laid are sufficiently secure, | find myself in a measure constrained to advert to them. |
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 | then desired to give my attention solely to the search after truth, | thought that a

procedure exactly the opposite was called for, and that | ought to reject as absolutely false all
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opinions in regard to which | could suppose the least ground for doubt, in order to ascertain
whether after that there remained aught in my belief that was wholly indubitable. Accordingly,
seeing that our senses sometimes deceive us, | 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 | was as open
to error as any other, rejected as false all the reasonings | had hitherto taken for
demonstrations; and finally, when | 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, | 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 | observed that, whilst | thus wished to think that all was
false, it was absolutely necessary that I, who thus thought, should be somewhat; and as |
observed that this truth, / think, therefore / am, was so certain and of such evidence that no
ground of doubt, however extravagant, could be alleged by the skeptics capable of shaking it,
| concluded that | might, without scruple, accept it as the first principle of the philosophy of

which | was in search.

In the next place, | attentively examined what | was and as | observed that | could suppose
that | had no body, and that there was no world nor any place in which | might be; but that |
could not therefore suppose that | was not; and that, on the contrary, from the very
circumstance that | thought to doubt of the truth of other things, it most clearly and certainly
followed that | was; while, on the other hand, if | had only ceased to think, although all the
other objects which | had ever imagined had been in reality existent, | would have had no
reason to believe that | existed; | thence concluded that | 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 |
am what | am, is wholly 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 | inquired in general into what is essential | to the truth and certainty of a
proposition; for since | had discovered one which | knew to be true, | thought that | must

likewise be able to discover the ground of this certitude. And as | observed that in the words |
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think, therefore | am, there is nothing at all which gives me assurance of their truth beyond
this, that | see very clearly that in order to think it is necessary to exist, | concluded that |
might take, as a general rule, the principle, 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 distinctly conceive.

In the next place, from reflecting on the circumstance that | doubted, and that consequently
my being was not wholly perfect (for | clearly saw that it was a greater perfection to know
than to doubt), | was led to inquire whence | had learned to think of something more perfect
than myself; and | clearly recognized that | 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, | was less at a loss to know whence these
came; for since | remarked in them nothing which seemed to render them superior to myself,
| could believe 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 | 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 | could hold it from myself:
accordingly, it but remained that it had been placed in me by a nature which was in reality
more perfect than mine, and which even possessed within itself all the perfections of which |

could form any idea; that is to say, in a single word, which was God.

Rendered into HTML on 27 November 1997, by Steve Thomas for The University of Adelaide Library Electronic
Texts Collection. Complete text at: http://etext.library.adelaide.edu.au/d/d44dm/d44dm.html.
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John Locke, An Essay Concerning Human
Understanding, 1690

From PART Il

Excerpts from Book I, Chap. 1 (Of Ideas in general, and their Original) from:

1. Idea is the object of thinking. Every man being conscious to himself that he thinks; and that
which his mind is applied about whilst thinking being the ideas that are there, it is past doubt
that men have in their minds several ideas, such as are those expressed by the words
whiteness, hardness, sweetness, thinking, motion, man, elephant, army, drunkenness, and

others: it is in the first place then to be inquired, How he comes by them?

| know it is a received doctrine, that men have native ideas, and original characters, stamped
upon their minds in their very first being. This opinion | have at large examined already; and, |
suppose what | have said in the foregoing Book will be much more easily admitted, when |
have shown whence the understanding may get all the ideas it has; and by what ways and
degrees they may come into the mind; for which | shall appeal to every one's own

observation and experience.

2. All ideas come from sensation or reflection. Let us then suppose the mind to be, as we
say, white paper, void of all characters, without any ideas; how comes it to be furnished?
Whence comes it by that vast store which the busy and boundless fancy of man has painted
on it with an almost endless variety? Whence has it all the materials of reason and
knowledge? To this | answer, in one word, from Experience. In that all our knowledge is
founded; and from that it ultimately derives itself. Our observation employed either, about
external sensible objects, or about the internal operations of our minds perceived and
reflected on by ourselves, is that which supplies our understandings with all the materials of
thinking. These two are the fountains of knowledge, from whence all the ideas we have, or

can naturally have, do spring.
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3. The objects of sensation one source of ideas. First, our Senses, conversant about
particular sensible objects, do convey into the mind several distinct perceptions of things,
according to those various ways wherein those objects do affect them. And thus we come by
those ideas we have of yellow, white, heat, cold, soft, hard, bitter, sweet, and all those which
we call sensible qualities; which when | say the senses convey into the mind, | mean, they
from external objects convey into the mind what produces there those perceptions. This great
source of most of the ideas we have, depending wholly upon our senses, and derived by

them to the understanding, | call Sensation.

4. The operations of our minds, the other source of them. Secondly, the other fountain from
which experience furnisheth the understanding with ideas is, the perception of the operations
of our own mind within us, as it is employed about the ideas it has got; which operations,
when the soul comes to reflect on and consider, do furnish the understanding with another
set of ideas, which could not be had from things without. And such are perception, thinking,
doubting, believing, reasoning, knowing, willing, and all the different actings of our own
minds; which we being conscious of, and observing in ourselves, do from these receive into
our understandings as distinct ideas as we do from bodies affecting our senses. This source
of ideas every man has wholly in himself; and though it be not sense, as having nothing to do
with external objects, yet it is very like it, and might properly enough be called internal sense.
But as | call the other Sensation, so | Call this Reflection, the ideas it affords being such only
as the mind gets by reflecting on its own operations within itself. By reflection then, in the
following part of this discourse, | would be understood to mean, that notice which the mind
takes of its own operations, and the manner of them, by reason whereof there come to be
ideas of these operations in the understanding. These two, | say, viz., external material
things, as the objects of Sensation, and the operations of our own minds within, as the
objects of Reflection, are to me the only originals from whence all our ideas take their
beginnings. The term operations here | use in a large sense, as comprehending not barely
the actions of the mind about its ideas, but some sort of passions arising sometimes from

them, such as is the satisfaction or uneasiness arising from any thought.

5. All our ideas are of the one or the other of these. The understanding seems to me not to
have the least glimmering of any ideas which it doth not receive from one of these two.

External objects furnish the mind with the ideas of sensible qualities, which are all those
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different perceptions they produce in us; and the mind furnishes the understanding with ideas
of its own operations. These, when we have taken a full survey of them, and their several
modes, combinations, and relations, we shall find to contain all our whole stock of ideas; and
that we have nothing in our minds which did not come in one of these two ways. Let any one
examine his own thoughts, and thoroughly search into his understanding; and then let him tell
me, whether all the original ideas he has there, are any other than of the objects of his
senses, or of the operations of his mind, considered as objects of his reflection. And how
great a mass of knowledge soever he imagines to be lodged there, he will, upon taking a
strict view, see that he has not any idea in his mind but what one of these two have
imprinted;--though perhaps, with infinite variety compounded and enlarged by the

understanding, as we shall see hereafter.

From: http://socserv2.mcmaster.ca/~econ/ugcm/3lI3/locke/Essay.htm
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