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Sir Isaac Newton

Excerpt from: The Method of Natural Philosophy
I. RULES OF REASONING IN PHILOSOPHY

We are to admit no more causes of natural Things than such as are both true and sufficient to 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 II
Therefore to the same natural effects we must, as tar 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 III

The qualities of Bodies, which admit neither intensification nor remission of degrees, and which are
found to belong to all bodies within the reach of our experiments, are to be esteemed the universal
qualities of all bodies whatsoever.

For since the qualities of bodies are only known to us by experim ents, we are to hold for universal all
such as universally agree wi th 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 in 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 allow 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 impenetrable, and (i thence conclude impenetrability to be a universal property of all bodies
whatsoever. That all bodies are movable and endowed with certain powers (which we call the inertia) of
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 inertia of the whole result
from the extension, hardness, impenetrability, mobility, and inertia of the parts; and hence we conclude
the least particles of all bodies to be also all extended, and hard and impenetrable, and movable, and
endowed with their proper 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 to 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 all the
planets one toward another; and the comets in like manner toward 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 I affirm gravity to be essential to bodies; by their vis
insita [ mean nothing but their inertia. This is immutable. Their gravity is diminished as they recede
from the earth.

RULE IV In experimental philosophy we are to look upon propositions inferred 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 to exceptions.

This rule we must follow, that the argument of induction may not be evaded by hypotheses.
Excerpts from: Collected Letters
ON HYPOTHESES From a Letter to Oldenburg

... For the best and safest method of philosophizing seems to be, first, to inquire diligently into the
properties of things and to establish those properties by experiments, and to proceed later to hypotheses
for the explanation of things themselves. For hypotheses ought to be applied only in the explanation of
the properties of things, and not made use of in determining them; except in so far as they may furnish
experiments. And if anyone offers conjectures about the truth of things from the mere possibility of
hypotheses, I do not see by what stipulation anything certain can be determined in any science; since one
or another set of hypotheses may always be devised which will appear to supply new difficulties. Hence 1
judged that one should abstain from contemplating hypotheses, as from improper argumentation....

From Letters to Cotes

I had yours of Feb. 18th, and the difficulty you mention which lies in these words, "since every attraction
is mutual," is removed by considering that, as in geometry, the word 'hypothesis' is not taken in so large a
sense as to include the axioms and postulates; so, in experimental philosophy, it is not to be taken in so
large a sense as to include the first principles or axioms, which I call the laws of motion. I these principles
are deduced from phenomena and made general by induction, which is the highest evidence that a
proposition can have in this philosophy. And the word 'hypothesis' is here used by me to signify only
such a proposition as is not a phenomenon nor deduced from any phenomena, but assumed or
supposedNwithout any experimental proof. Now the mutual and mutually equal attraction of bodies is a
branch of the third law of motion, and how this branch is deduced from phenomena you may see at the
end of the corollaries of the laws of motion.... If a body attracts another contiguous to it and is not
mutually attracted by the other, the attracted body will drive the other before it, and both will go away
together with an accelerated motion in infinitum , as it were, by a self-moving principle contrary to the
first law of motion, whereas there is no such phenomenon in all nature... . And for preventing exceptions
against the use of the word 'hypothesis,' I desire you to conclude the next paragraph in this manner: "For
anything which is not deduced from phenomena ought to be called a hypothesis, and hypotheses of this
kind, whether metaphysical or physical, whether of occult qualities or mechanical, have no place in
experimental philosophy. In this philosophy, propositions are deduced from phenomena, and afterward



made general by induction."... On Saturday last I wrote to you, representing that experimental philosophy
proceeds only upon phenomena and deduces general propositions from them only by induction. And such
is the proof of mutual attraction. And the arguments for the impenetrability, mobility, and force of all
bodies and for the law- of motion are no better. And he that in experimental philosophy would except
against any of these must draw his objection from some experiment or phenomenon and not from a mere
hypothesis, if the induction be of any force....~

3. THE EXPERIMENTAL METHOD
From a letter to Oldenburg '

... I cannot think it effectual for determining truth to examine the several ways by which phenomena may
be explained, unless where there can be a perfect enumeration of all those ways. You know, the proper
method for inquiring after the properties of things is to deduce them from experiments. And I told you
that the theory which I propounded was evinced to me, not by inferring "is thus because not otherwise,
that is, not by deducing it only from a confutation of contrary suppositions, but by deriving it from
experiment concluding positively and directly. The way therefore to examine it is by considering whether
the experiments which I propound do prove those parts of the theory to which they are applied, or by
prosecuting other experiments which the theory may suggest for its examination. To determine by these
and such like queries seems the most proper and direct way to a conclusion. And therefore I could wish
all objections were suspended from hypotheses or any other heads than these two: of showing the
insufficiency of experiments to determine these queries, or prove any other parts of my theory, by
assigning the flaws and defects in my conclusions drawn from them; or of producing other experiments
which directly contradict me, if any such may seem to occur. For if the experiments which I urge be
defective, it cannot be difficult to show the defects; hut if valid, then by proving the theory, they must
render all objections invalid.

Excerpt from: THE THIRD BOOK OF OPTICKS PART L.

.. . the main Business of Natural Philosophy is to argue from Phaenomena without feigning Hypotheses,
and to deduce Causes from Effects, till we come to the very first Cause, which certainly is not
mechanical; and not only to unfold the Mechanism of the World, but chiefly to resolve these and such like
Questions. What is there in places almost empty of Matter between them? Whence is it that Nature doth
nothing in vain; and whence arises all that Order and Beauty which we see in the World? To what end are
Comets, and whence is it that Planets move all one and the same way in Orbs concentrick, while Comets
move all manner of ways in Orbs very excentrick, and what hinders the fix'd Stars from falling upon one
another? How came the Bodies of Animals to be contrived with so much Art, and for what ends were
their several Parts? Was the Eye contrived without Skill in in Opticks, and the Ear without Knowledge of
Sounds? How do the Motions of the Body follow from the Will, and whence is the Instinct in Animals? Is
not the Sensory of Animals that place to which the sensitive Substance is present, and into which the
sensible Species of Things are carried through the Nerves and Brain, that there they may be perceived
<345> by their immediate presence to that Substance? And these things being rightly dispatch'd, does it
not appear from Phanomena that there is a Being incorporeal, living, intelligent, omnipresent, who in
infinite Space, as it were in his Sensory, sees the things themselves intimately, and throughly perceives
them, and comprehends them wholly by their immediate presence to himself: Of which things the Images
only carried through the Organs of Sense into our little Sensoriums, are there seen and beheld by that
which in us perceives and thinks. And tho' every true Step made in this Philosophy brings us not
immediately to the Knowledge of the first Cause, yet it brings us nearer to it, and on that account is to be
highly valued. . . .



All these things being consider'd, it seems probable to me, that God in the Beginning form'd Matter in
solid, massy, hard, impenetrable, moveable Particles, of such Sizes and Figures, and with such other
Properties, and in such Proportion <376> to Space, as most conduced to the End for which he form'd
them; and that these primitive Particles being Solids, are incomparably harder than any porous Bodies
compounded of them; even so very hard, as never to wear or break in pieces: No ordinary Power being
able to divide what God himself made one in the first Creation. While the Particles continue entire, they
may compose Bodies of one and the same Nature and Texture in all Ages: But should they wear away, or
break in pieces, the Nature of Things depending on them, would be changed. Water and Earth composed
of old worn Particles and Fragments of Particles, would not be of the same Nature and Texture now, with
Water and Earth composed of entire Particles, in the Beginning. And therefore that Nature may be lasting,
the Changes of corporeal Things are to be placed only in the various Separations and new Associations
and Motions of these permanent Particles; compound Bodies being apt to break, not in the midst of solid
Particles, but where those Particles are laid together, and only touch in a few Points.

It seems to me farther, that these Particles have not only a Vis inertiee, accompanied with such passive
Laws of Motion as naturally result from that Force, but also that they are moved by certain active
Principles, such as is that of Gravity, and that which causes Fermentation, and the Cohesion of Bodies.
These Principles I consider not as occult Qualities, supposed to result from the specifick Forms of Things,
but <377> as general Laws of Nature, by which the Things themselves are form'd: their Truth appearing
to us by Phaenomena, though their Causes be not yet discover'd. For these are manifest Qualities, and their
Causes only are occult. And the Aristotelians gave the Name of occult Qualities not to manifest Qualities,
but to such Qualities only as they supposed to lie hid in Bodies, and to be the unknown Causes of
manifest Effects: Such as would be the Causes of Gravity, and of magnetick and electrick Attractions, and
of Fermentations, if we should suppose that these Forces or Actions arose from Qualities unknown to us,
and uncapable of being discovered and made manifest. Such occult Qualities put a stop to the
Improvement of natural Philosophy, and therefore of late Years have been rejected. To tell us that every
Species of Things is endow'd with an occult specifick Quality by which it acts an produces manifest
Effects, is to tell us nothing: But to derive two or three general Principles of Motion from Pha&nomena,
and afterwards to tell us how the Properties and Actions of all corporeal Things follow from those
manifest Principles, would be a very great step in Philosophy, though the Causes of those Principles were
not yet discover'd: And therefore I scruple not to propose the Principles of Motion above mention'd, they
being of very general Extent, and leave their Causes to be found out.

Now by the help of these Principles, all material Things seem to have been composed of <378> the hard
and solid Particles above mention'd, variously associated in the first Creation by the Counsel of an
intelligent Agent. For it became him who created them to set them in order. And if he did so, it's
unphilosophical to seek for any other Origin of the World, or to pretend that it might arise out of a Chaos
by the mere Laws of Nature; though being once form'd, it may continue by those Laws for many Ages.
For while Comets move in very excentrick Orbs in all manner of Positions, blind Fate could never make
all the Planets move one and the same way in Orbs concentrick, some inconsiderable Irregularities
excepted which may have risen from the mutual Actions of Comets and Planets upon one another, and
which will be apt to increase, till this System wants a Reformation. Such a wonderful Uniformity in the
Planetary System must be allowed the Effect of Choice. And so must the Uniformity in the Bodies of
Animals, they having generally a right and a left side shaped alike, and on either side of their Bodies two
Legs behind, and either two Arms, or two Legs, or two Wings before upon their Shoulders, and between
their Shoulders a Neck running down into a Back-bone, and a Head upon it; and in the Head two Ears,
two Eyes, a Nose, a Mouth and a Tongue, alike situated. Also the first Contrivance of those very artificial
Parts of Animals, the Eyes, Ears, Brain, Muscles, Heart, Lungs, Midriff, Glands, Larynx, Hands, Wings,
Swimming Bladders, na <379> tural Spectacles, and other Organs of Sense and Motion; and the Instinct
of Brutes and Insects, can be the effect of nothing else than the Wisdom and Skill of a powerful



ever-living Agent, who being in all Places, is more able by his Will to move the Bodies within his
boundless uniform Sensorium, and thereby to form and reform the Parts of the Universe, than we are by
our Will to move the Parts of our own Bodies. And yet we are not to consider the World as the Body of
God, or the several Parts thereof, as the Parts of God. He is an uniform Being, void of Organs, Members
or Parts, and they are his Creatures subordinate to him, and subservient to his Will; and he is no more the
Soul of them, than the Soul of a Man is the Soul of the Species of Things carried through the Organs of
Sense into the place of its Sensation, where it perceives them by means of its immediate Presence, without
the Intervention of any third thing. The Organs of Sense are not for enabling the Soul to perceive the
Species of Things in its Sensorium, but only for conveying them thither; and God has no need of such
Organs, he being every where present to the Things themselves. And since Space is divisible in infinitum,
and Matter is not necessarily in all places, it may be also allow'd that God is able to create Particles of
Matter of several Sizes and Figures, and in several Proportions to Space, and perhaps of different
Densities and Forces, and thereby to vary the Laws of Nature, and make Worlds of several sorts in <380>
several Parts of the Universe. At least, I see nothing of Contradiction in all this.

As in Mathematicks, so in Natural Philosophy, the Investigation of difficult Things by the Method of
Analysis, ought ever to precede the Method of Composition. This Analysis consists in making
Experiments and Observations, and in drawing general Conclusions from them by Induction, and
admitting of no Objections against the Conclusions, but such as are taken from Experiments, or other
certain Truths. For Hypotheses are not to be regarded in experimental Philosophy. And although the
arguing from Experiments and Observations by Induction be no Demonstration of general Conclusions;
yet it is the best way of arguing which the Nature of Things admits of, and may be looked upon as so
much the stronger, by how much the Induction is more general. And if no Exception occur from
Phanomena, the Conclusion may be pronounced generally. But if at any time afterwards any Exception
shall occur from Experiments, it may then begin to be pronounced with such Exceptions as occur. By this
way of Analysis we may proceed from Compounds to Ingredients, and from Motions to the Forces
producing them; and in general, from Effects to their Causes, and from particular Causes to more general
ones, till the Argument end in the most general. This is the Method of Analysis: And the Synthesis
consists in assuming the Causes discover'd and establish'd as Principles, and by them explaining the Phae
<381> nomena proceeding from them, and proving the Explanations.

In the two first Books of these Opticks, I proceeded by this Analysis to discover and prove the original
Differences of the Rays of Light in respect of Refrangibility, Reflexibility, and Colour, and their alternate
Fits of easy Reflexion and easy Transmission, and the Properties of Bodies, both opake and pellucid, on
which their Reflexions and Colours depend. And these Discoveries being proved, may be assumed in the
Method of Composition for explaining the Phenomena arising from them: An Instance of which Method
I gave in the End of the first Book. In this third Book I have only begun the Analysis of what remains to
be discover'd about Light and its Effects upon the Frame of Nature, hinting several things about it, and
leaving the Hints to be examin'd and improved by the farther Experiments and Observations of such as
are inquisitive. And if natural Philosophy in all its Parts, by pursuing this Method, shall at length be
perfected, the Bounds of moral Philosophy will be also enlarged. For so far as we can know by natural
Philosophy what is the first Cause, what Power he has over us, and what Benefits we receive from him, so
far our Duty towards him, as well as that towards one another, will appear to us by the Light of Nature.
And no doubt, if the Worship of false Gods had not blinded the Heathen, their moral Philosophy would
have gone farther than to the four Cardinal Virtues; and <382> instead of teaching the Transmigration of
Souls, and to worship the Sun and Moon, and dead Heroes, they would have taught us to worship our true
Author and Benefactor.





