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Huygens and Mechanics
Huygens works cover all the fields of mechanics, from the invention of technical 
devices applicable to different machines to a purely rational knowledge of 
motion.  One can say that Huygens was at the origin of a comprehensive 
practice of mechanics, which is in its eyes, without any doubt, is the central part 
of any research on natural phenomena.  Oscillation of solid bodies, force 
involved in percussion, isochronism of both theoretical and real pendulum, 
acceleration of the bodies in free fall, application of the principle of relativity in 
the measurement of the centrifugal force, propagation of the light in spherical 
waves and mechanical model of the pressure of gravity : it seems that Huygens' 
natural philosophy was endowed with each and every research object belonging 
to the traditional mechanics. But does this profusion have some unity? The 
comprehension of the Huygens' mechanics would be incomplete without the 
mention of such a link.
One way of showing the deep unity of Huygens mechanics, is to answer the 
following question: why did Huygens decide, though admitting and admiring 
Newton's contribution to a unified science of the terrestrial and celestial motions, 
to publish the Discours de la cause de la pesanteur? Is it only to remain in 
agreement, at the moment of the completion of his works, with Descartes' 
system? Is it only to reject the newtonian decision to put away from the regulæ 
philosophandi any speculation on the "causes"? We will try to show that the
Discours has been mainly published for internal reasons, which are due to a 
genuine concept of force, forged in the very first attempts of Huygens' scientific 
career. In that piece of work Huygens tries for the last time to bind mechanical 
and mechanism, just like he tried to bind them in various unfinished papers on 
the history of mechanics. The unity of Huygens' mechanics may precisely rely 
on the impossibility of separating physics, as a science of the effects, from a 
clear insight on causality. Then we will be able to explain the presence of such a 
bizarre vortex theory in the writings of the one who aknowledged, just after his 
reading of Newtons Principia, that "Descartes' vortices [were] destroyed". The 
Editors of the Œuvres complètes and many historians did not understand how 
Huygens could, at the same time, reject and accept a vortex theory of planetary 
motion. As strange as it could sound, this apparent schizophrenic attitude have 
reasons that can be found in Huygens first attempts in mechanics, forty years 
before the publication of the Traité de la lumière, and its controversial addition.

…to the end
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Principle of relativity
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Combined Combined motionmotion 1673
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Laws Laws of impactof impact
-denial of a « vis collisionis » that would 

suggest a force acting constantly in 
bodies, in contradiction with the principle 
of relativity

-discovery of an algebraic conservation of 
motion driven into the square speed of 
each body before and after the impact. 
Huygens calls it « axioma ».

-results published without demonstration in 
1669. Different  versions.

-Huygens gives a geometrical representation 
of his axioma.

-mv2 quantity is seized as a fundamental 
principle by Leibniz since 1677. In his 
manuscripts before the De corporum 
concursu, Leibniz rejects Huygens’ rule 
of algebraic conservation. Then he 
changes his mind and calls mv2 the 
« forces vives »

1652
1656

1
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Geometrical account for the axioma of impactGeometrical account for the axioma of impact

• C defined as AC/AB=Ma/Mb

• AD=speed of A before impact
• BD=spped of B before impact
• E defined as CD=CE
• AE and BE resulting speeds
• Axioma says
AD2+BD2=AE2+BE2

(AC-CD)2+(BC+CD)2=(AC+CE)2+(BC-CE)2
QED

1
2

A and B in relative motion

« choc mou » (non perfectly hard impact)
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ManuscriptManuscript on impacton impact

Details
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EquilibriumEquilibrium
• First attempts in early 

correspondance : centre of 
oscillation for different solid 
bodies.

• The motion of the centre of 
oscillation tends to simple 
conservation

• Mathematical treatment the 
oscillation centre (Horologium 
Oscillatorium)

• Application to clock regulation

1
2
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Proposition IProposition I

…to equilibrium
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Proposition VProposition V

…to equilibrium
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Proposition VIProposition VI

Length of the composed pendulum, expressed with no reference to single mass of single bodies.

…to equilibrium



Home
Bibliography Back

OscillationOscillation

Horologium oscillatorium
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Centrifugal Centrifugal forcesforces

• Various studies of the pendulum, including conical pendula and tubes, or parabolic 
« canalis ».

• Applies relativity to the motion of a body released on a circular path. According to 
Descartes’ analysis, centrifugal force is expressed by a « tension » measured by 
the distance between the motion on the circle and the motion on the tangent.

• Huygens changes the frame of reference and thus finds the proportion between 
each line separating the circle and the tangent : 1, 3, 5, 7, which is the galilean 
proportion of free fall. 

16591
2
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Pendula 1Pendula 1

>>>

If same arcs are described in same times the attractio is proportional to the radius

Link between conatus and gravitas (the feeling of the weight in one’s hand).
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Pendula 2Pendula 2

Centrifugal force

If speed is doubled, the attractio is the square of its former value

Attractio=pondus x speed2/radius (propo. 7 and 8)

Equal speeds means different arc lenghts
Hence the attractio is smaller as the radius increases.

C/D=BF/FA

Conditions for an equilibrium
At B, rotating in a tube
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Quantifying centrifugal forceQuantifying centrifugal force1
2

Posthumous de vi centrifuga
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IsochronismIsochronism and timekeepersand timekeepers

• Search for a motion only 
dependant on the length of a 
pendulum

• Demonstration of the 
isochronism of small circular 
path on the circle

• Rigourous isochronism : 
cycloidal path

• Design of many kind of clocks, 
including marine clocks for the 
invention of longitude

• The art of designing clocks 
meets theorical and practical 
aspects of Huygens’ mechanics.

1
2

>



Home
Bibliography Back

lengthlength
• Most of Huygens' discoveries in rational mechanics appear in the 50's. 

One common interest shared by a natural philosopher and an astronomer 
is the accuracy of time measurement. Huygens, independantly fromthe 
Italian school of Galileo, had the idea to regulate clocks with the motion 
of a pendulum. But the crucial point was the exactness of each 
oscillation, and Huygens was dissatisfied with the approximative
accuracy of very small swings in a pendulum clock. Huygens, as usual, 
needed a mathematical proof. In 1659, he gave the demonstration that 
the perfect isochronism (independance of the frequency and the path of a 
'funipendulum') was obtained when the bob of pendulum described a 
cycloidal curve. Then the frequency is only dependant on the length of 
the pendulum :

• This property of the cycloid came to Huygens' mind when, having 
demonstrated that short oscillations are perfectly isochronous, he 
remembered his own contribution to Pascal's challenge on the "roulette" 
geometrical properties : in such a figure, all tangents are parallel to the 
corresponding chords of the generating circle, and the time of fall is thus 

equal whatever the amplitude.
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Manuscripts on isochronismManuscripts on isochronism
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(2) (2) ControversiesControversies

• Theory of gravity

• On light

1
2

-Both gravity and light belong to a mechanical explanation of nature.

-In both cases, Huygens faces newtonian principles.
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Theory Theory of of gravitygravity
• Huygens’ cartesianism as a 

problem
• Early discussions on the cause of 

gravity
• The Discours de la cause de la 

pesanteur (1690) as a reply to 
Newton’s Principia.

1
2
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On lightOn light
• Huygens refuses to admit Newton’s 

papers on the nature of light (1672).
• 1672-1677 : study of the Island cristal 

(spath) in order to explain the 
extraordinary refraction. The 
structure of the cristal is the 
mechanical device that can explain 
such a phenomenon.

• 1677 : discovery of the wave theory 
and Huygens’ principle.

• 1690 : Traité de la lumière.
• Wave theory explains the 

extraordinary refraction, and some 
diffraction effects, but rectilinear 
propagation and polarized light still 
remain unsolved. Newton’s 
corpuscular theory is not completely 
challenged.

• Since color can’t accept yet any 
explanation by the means of the wave 
mechanics, Huygens doesn’t publish 
anything on the matter.

1
2

Descartes-Snell law

Huygens’ principle
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Iceland spathIceland spath
• Until 1672 Huygens, as far as optics is concerned, had only 

investigated in dioptrics. We can hardly find any reference 
to the nature of light and colours in hs early writings. After 
reading Newton's contribution on a complete theory of light, 
Huygens acknowledged Newton's superiority in dioptrics but 
rejected the newtonian hypothesis which stated that the light 
was filled with little particles of weightless matter, spinning 
and being reflected in various manner according to a so 
called inner "access" (or habitus) of easy refraction or 
reflection. How could a piece of matter know when it's time 
to rebound? Newton, thus resolving the problem of the 
periodical rings appearing in transparent bodies, assigned to 
each color a number which was the first  notion of a 
periodical law of reflection. After Bartholin and Grimaldi, 
Huygens focused on the properties of the Iceland crystal or 
"spath". When passing through the crystal, light was either 
normally refracted, either divided in two, such a 

phenomenon depending on the position of the crystal.

Spheroidal waves and extraordinary refraction
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Manuscript on lightManuscript on light
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ConclusionConclusion
• From the first writings to the Traité 

de la lumière, Huygens follows 
straight rules that belong to a certain 
idea of mechanics, both pure and 
applied science.

• Rejects any substantial form (such as 
a force acting constantly in bodies)

• Relativity vs dynamics (against 
Leibniz and Newton)

• Mechanics applies to every field of 
natural philosophy, but does not apply 
to living bodies (against Descartes)

• Things that can’t be explained under 
the laws of mechanics don’t belong to 
physics.
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