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”In the beginning of the year 1666 I found the method 
of approximating Series and the Rule for reducing any 
dignity of any Binomial into such a series. The same 
year in May I found the method of tangents of Gregory 
and Slusius, and in November had the direct method 
of fluxions, and the next year in January had the 
Theory of colours, and in May following I had entrance into the inverse method 
of fluxions. And the same year I began to think of gravity extending to the orb 
of the Moon, and having found out how to estimate the force with which [a] 
globe revolving within a sphere presses the surface of the sphere, from 
Kepler’s Rule of the periodical times of the Planets being in a sesquialterate 
proportion of their distances from the centers of their Orbs I deduced that the 
forces which keep the Planets in their Orbs must [be] reciprocally as the 
squares of their distances from the centers about which they revolve: and 
thereby compared the force requisite to keep the Moon in her Orb with the 
force of gravity at the surface of the earth, and found them answer pretty 
nearly. All this was in two plague years of 1665 and 1666, for in those years 
I was in the prime of my age for invention, and minded Mathematics and 
Philosophy more than at any time since.”

Isaac Newton, writing in 1717 or 1718
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”...I offer this work as the mathematical principles 
of philosophy, for the whole burden of philosophy seems 
to consists in this - from the phenomena of motions 
to investigate the forces of nature, and then from these 
forces to demonstrate the other phenomena; and to this 
end the general propositions in the first and second Books 
are directed. In the third Book I give an example of this 
in the explication of the System of the World; for by the 
propositions mathematically demonstrated in the former 
Books, in the third I derive from the celestial phenomena 
the forces of gravity with which bodies tend to the sun 
and several planets. Then from these forces, by other 
propositions which are also mathematical, I deduce 
the motions of the planets, the comets, the moon, 
and the sea...”
Newton’s Preface to the first edition of Principia



Newton’s Preface to Principia (cont.)

”I wish we could derive the rest of the phenomena 
of Nature by the same kind of reasoning from 
mechanical principles, for I am induced by many 
reasons to suspect that they may all depend upon 
certain forces by which the particles of bodies, by 
some causes hitherto unknown, are either mutually 
impelled towards one another, and cohere in 
regular figures, or are repelled and recede from one 
another. These forces being unknown, philosophers 
have hitherto attempted the search of Nature in 
vain; but I hope the principles here laid down will 
afford some light either to this or some truer 
method of philosophy...”



  Mathematical Principles  
    of Natural Philosophy

DEFINITIONS
Scholium
AXIOMS, or Laws of Motion
BOOK I (DE MOTU CORPORUM)
 14 chapters, 11 lemmas, 50 theorems, 48 problems
BOOK II (DE MOTU CORPORUM)
 9 chapters, 7  lemmas,  41 theorems, 12 problems
BOOK III (DE MUNDI SYSTEMATE)
 Regulae philosophandi
 11 lemmas, 20 theorems, 22 problems
Scholium generale



”In the preceding books I have laid down the principles of philosophy; 
principles not philosophical but mathematical; such namely, as we 
may build our reasonings upon in philosophical inquiries. These 
principles are the laws and conditions of certain motions, and powers 
or forces, which chiefly have respect to philosophy...
It remains that, from the same principles, I now demonstrate the 
frame of the System of the World. Upon this subject I had, indeed, 
composed the third book in a popular method, that it might be read by 
many; but afterwards, considering that such as had not sufficiently 
entered into the principles could not easily discern the strength of the 
consequences, nor lay aside the prejudices to which they had been 
many years accustomed, therefore, to prevent the disputes which 
might be raised upon such accounts, I chose ro reduce the substance 
of this Book into the form of Propositions (in the mathematical form), 
which should be read by those only who had first made themselves 
masters of the principles established in the preceding Books...”

Principia, Book III, Introduction





„Definition I. The quantity of matter is the measure of the same, 
arising from its density and bulk conjunctly...
Definition II. The quantity of motion is the measure of the same, 
arising from the velocity and quantity of matter conjunctIy ...
Definition III. The vis insita, or innate force of matter, is a power of 
resisting, by which every body, as much as in it lies, endeavours 
to persevere in its present state, whether it be of rest, or of 
moving uniformly forward in a right line....
Definition IV. An impressed force is an action exerted upon a body, 
in order to change its state, either of rest, or of moving uniformly 
forward in a right line.
This force consists in the action only; and remains no longer in 
the body, when the action is over...”

Definitions



”Definition V. A centripetal force is that by which bodies are drawn 
or impelled, or any way tend, towards a point as to a centre...
Definition VI. The absolute quantity of a centripetal force is the 
measure of the same, proportional to the efficacy of the cause 
that propagates it from the centre, through the spaces round 
about...
Definition VII. The accelerative quantity of a centripetal force is the 
measure of the same, proportional to the velocity which it 
generates in a given time....
Definition VIII. The motive quantity of a centripetal force is the 
measure of the same, proportional to the motion which it 
generates in a given time. Thus the weight is greater in a 
greater body, less in a less body; and, in the same body, it is 
greater near to the earth, and less at remoter distances...”

Definitions



”I. Absolute, true, and mathematical time, of itself, and from its 
own nature flows equably without regard to anything external, 
and by another name is called duration...
II. Absolute space, in its own nature, without regard to anything 
external, remains always similar and immovable...
III. Place is a part of space which a body takes up, and is 
according to the space, either absolute or relative. I say, a part 
of space; not the situation, nor the external surface of the body. 
For the places of equal solids are always equal; but their 
superficies, by reason of their dissimilar figures, are often 
unequal...
IV. Absolute motion is the translation of a body from one 
absolute place into another; and relative motion, the translation 
from one relative place into another...”

Scholium (An explanatory note ) 





Axioms, or laws of motion
”I Law: Every body continues in its 
state of rest, or of uniform motion in 
a right line, unless it is compelled to 
change that state by forces 
impressed thereon.
II Law: The change of motion is ever 
proportional to the motive force 
impressed; and is made in the 
direction of the right line in which that 
force is impressed.
III Law: To every action there is 
always opposed an equal reaction: 
or, the mutual actions of two bodies 
upon each other are always equal, 
and directed to contrary parts.”



Book I: motion of bodies under central and other forces, 
movement of the line of apsides, attraction by spherical 
and nonspherical bodies, three-body problem, 
corpuscular optics
Book II: motion of bodies in resisting media, 
aerodynamics, hydrodynamics, pendulum, refutation of 
the Cartesian theory of vortices
Book III: law of universal gravitation, orbits of planets and 
comets, polar flattening of the earth and planets, 
perturbed motion of the moon, tidal phenomena, inertial 
and gravitational mass, precession

Selected problems discussed in Principia



Newton’s law of gravitation appears in Book III in the form of several statements

Proposition I. Theorem I.
”That the forces by which the circumjovial planets are continually 
drawn off from rectilinear motions, and retained on their proper orbits, 
tend to Jupiterʼs centre; and are inversely as the squares of the 
distances of those planets from that centre”

Proposition II. Theorem II.
”That the forces by which the primary planets are continually drawn 
off from rectilinear motions, and retained in their proper orbits, tend to 
the sun; and are inversely as the squares of the distances of the 
places of those planets from the sunʼs centre.”

Proposition VIII. Theorem VII
”That there is a power of gravity pertaining to all bodies, proportional 
to the several quantities of matter which they contain.”



Newton’s thought experiment originating the idea of 
launching artificial satellites of the earth

”A stone that is projected is by the pressure of 
its own weight forced out of the rectilinear 
path, which by the initial projection alone it 
should have pursued, and made to describe 
a curved line in the air; and through that 
crooked way is at last brought down to the 
ground; and the greater the velocity is with 
which it is projected, the further it goes before 
it falls to the earth. We may therefore 
suppose the velocity to be so increased, that 
it would describe an arc of 1, 2, 5, 10, 100, 
1000 miles before it arrived at the earth, till at 
last, exceeding the limits of the earth, it 
should pass into space without touching it.”

Newton, The system of the world



”Hitherto we have explained the phenomena of the 
heavens and of our sea by the power of gravity, but have 
not yet assigned the cause of this power. This is certain, 
that it must proceed from a cause that penetrates to the 
very centres of the Sun and planets, without suffering the 
least diminution of its force; that operates...according to 
the quantity of solid matter which they contain, and 
propagates its virtue on all sides to immense distances, 
decreasing always as the inverse square of the 
distances... But hitherto I have not been able to discover 
the cause of these properties of gravity from phenomena 
and I frame no hypotheses. Hypotheses...have no place 
in experimental philosophy...to us it is enough that gravity 
does really exist...and abundantly serves to account for all 
the motions of the celestial bodies, and of our sea...” 

From General Scholium:



”The work of M. Newton is a mechanics, the most perfect 
that one could imagine, as it is not possible to make 
demonstrations more precise or more exact than those 
that he gives in the first two books on lightness, on 
springiness, on the resistance of fluid bodies, and on the 
attractive and repulsive forces that are the principal basis 
of Physics. But one has to confess that one cannot regard 
these demonstrations otherwise than as only mechanical; 
indeed, the author recognizes himself at the end of page 
four and the beginning of page five that he has not 
considered their Principles as a Physicist, but as a mere 
Geometer.”

Anonymous review of Principia 
in Journal des Sçavans, 2 August 1688



”He confesses the same thing at the beginning of the third 
book, where he endeavours nevertheless to explain the 
System of the World. But it is [done] only by hypotheses that 
are, most of them, arbitrary, and that, consequently, can 
serve as foundation only to a treatise of pure mechanics. 
He bases the explanation of the inequality of the tides on the 
principle that all the planets gravitate reciprocally toward 
each other...But this supposition is arbitrary as it has not 
been proved; the demonstration that depends on it can 
therefore only be mechanics.
In order to make an opus as perfect as possible, M. Newton 
has only to give us a Physics as exact as his Mechanics. He 
will give it when he substitutes true motions for those that he 
has  supposed.”

Anonymous review of Principia 
in Journal des Sçavans, 2 August 1688 (cont.)



”Concerning the Cause of the flux given by M. Newton, 
I am by no means satisfied [by it], nor by all other Theories 
that he builds upon his Principle of Attraction, which to me 
seems absurd... And I have often wondered how he could 

have given himself all the trouble of making such a number 
of investigations and difficult calculations that have no other 

foundation that this very principle.”
    Huygens in a letter to Leibniz (18 XI 1690)                               



What one does not find in Principia?

The argumentation in Principia is entirely 
geometrical. 
There are no Newton’s equations of motions, 
nor any other equations of mechanics, 
hydrodynamics and aerodynamics. There are 
no considerations of energy (the principle of 
conservation of energy was still unknown), 
there are no vectors, no definition of velocity 
and acceleration in the present sense.



Purely geometric argumentation in Principia



An example of geometric 
argumentation in Principia

Book I

The proof of Kepler’s 
law of areas  



Subsequent editions of Principia

     Cambridge 1713            London 1726             Geneva 1739



A page from the 4th edition (1739)A page from the 1st edition (1687)

Newton’s  Principia



”I do not know what I may appear 
to the world, but to myself I seem 

to have been only like a boy 
playing on the sea-shore, and 

diverting myself in now and then 
finding a smoother pebble or 
a prettier shell than arbitrary, 

whilst the great ocean of truth lay 
all undiscovered before me.”



”A Frenchman who arrives in London 
finds a great change in philosophy, as in 
everything else. He left the world full, he 
finds it empty. In Paris one sees the 
Universe composed of vortices of subtle 
matter. In London one sees nothing of 
it. In Paris it is the pressure of the moon 
that causes the flux of the sea; in 
England it is the sea that gravitates 
toward the moon. 
With your Carthesians, everything is 
done by an impulsion that nobody 
understands; with Mr. Newton, it is by 
an attraction, the cause of which is not 
better known.”

Voltaire, Lettres philosophiques



Hypotheses non fingo...

  ”Philosophy is written in that grand book – 
  I mean the universe – which stands forever 
  open before our eyes; but it cannot be read 
  until we have learnt to comprehend the 
  language and interpret the characters in 
which it is written. It is written in the language of 
mathematics, and its characters are triangles, circles, 
and other geometrical figures, without which it is 
humanly impossible to comprehend a single word of it; 
without these, one is wandering about in a dark 
labyrinth.”



Additional explanatory slide




