Nicolas Fatio de Duillier on the Mechanical
Cause of Universal Gravitation
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Attempts to explain Newton's universal attraction of material bodies date back
to the early reception of Newton's Principia (1687). In a sense, Newton himself had opened the door to the causal issue. For in the Principia Newton repeatedly stressed that he did not conceive of attraction in a physical sense, that
is as an immediate action of one body upon another. 'Attraction' was to be understood as merely a shorthand expression for the tendency of material bodies
to approach one another, whatever the cause of this tendency. It might, as far as
Newton was concerned, arise from 'the action of the aether or of the air, or of
any medium whatever'. t
But Newton's disclaimers carried little weight. It would be hard for any
reader to believe that the author was really open to the notion of bodies being
driven to one another by a material fluid. For one, Newton rejected all dense
fluids as being incompatible with the unhindered motion of planets and other
bodies. His theory of planetary motion required a space that contained little, if
any matter. How could an extremely tenuous fluid exert the immense power
needed to move the massive planets towards the sun? Moreover, if Newton
really believed that bodies were 'pushed' or 'impelled' rather than 'attracted',
why use the controversial word 'attraction'? Finally, what kind of fluid or
mechanism would be able to account for the mutual endeavour of objects as
small as the least particles of matter in accordance with a precise mathematical
relationship?t
Yet some readers did not take mechanical explanation and universal attraction to be incompatible conceptions. The first conspicuous attempt to elucidate the physical cause of Newtonian gravity was made in 1690 by a gifted
young Swiss mathematician and natural philosopher named Nicolas· Patio de
Duillier. His current repute hinges less on his scientific advancements than on
his choice of friends. For some years he was an intimate of Isaac Newton, or
rather the intimate of Newton. The nature of their relationship and its sudden
ending have been the subject of much speculation among historians.§
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In 1699, some years after the breach, Patio caused a scandal by hinting
publicly that Leibniz had stolen the invention of the calculus from Newton.
This step triggered a series of events that eventually would bring Leibniz and
his supporter Johann Bemoulli into a bitter priority conflict with Newton and
his British allies, above all John Keill.* Another seven years later Patio joined
the French Camisards. The leaders of this radical Huguenot sect from the
Cevennes had been exiled from France. They roamed the streets of London,
prophesying the imminent millennium, holding seances and speaking in
tongues. The local authorities, concemed about the public display of religious
zeal, brought Patio and his co-religionists to trial. Their sentence involved public humiliation: they were to stand on the scaffold with a paper denoting their
offences.·t
Although Patio had swiftly managed to make a reputation for himself as a
mathematician, his theory of gravity failed to gain approval. His contemporaries either ignored or dismissed his causal explanation. After Patio's death his
compatriot Georges-Louis LeSage rescued it from complete oblivion. The latter, having developed similar views on the cause of gravity, honoured Patio as
his prime precursor. This, however, was to be only the first of a series of resurrections of the theory.t Few theories have met with so much resistance or even
scom and yet have shown such resilience. This fact in itself justifies an account
of its first inception.
The story, moreover, is not without interest even setting aside the later
fate of the theory. For Patio's theory emerged from close interactions with the
two most renowned mathematicians and natural philosophers of his time: Isaac
J..;ewton and Christiaan Huygens. As we will see, Patio's theory of gravitation
was to a large extent the outcome of earlier attempts to reconcile Newton's
theory of gravity with that of Huygens. Unfortunately, his synthesis seems to
have convinced neither ofhis mentors. Yet, unlike Huygens, Newton may well
have been mildly sympathetic to Patio's ideas on gravitation, at least for some
time. But it is hard to tell whether such appreciation concemed the theory itself
or its author. For his judgement changed radically after the rift.
This then is the story of the genesis of Patio's theory and its reception by
his contemporaries. The first part of this essay contains a brief sketch of Patio's
life, with special emphasis on his connections to Huygens and Newton. Subsequently, we will discuss some pre-Newtonian explanations of terrestrial gravity, including those of Patio and Huygens. His conversion to Newton's theory
resulted in an attempt to combine Newtonian mathematical attraction with
Huygens' physical mechanism. Flawed as this attempt may have been, it con-
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tained the seeds of his subsequent theory of gravitation. The last pmi discusses
the reception ofFatio's theory.*

Seeking patronage
Nicolas Fatio de Duillier was born in Basel in 1664. The son of a wealthy
Swiss landowner, he first received private tuition at home and afterwards continued his studies at the Academie in Geneva. His main mentor at the Genevan
academy was the philosopher Jean-Robert Chouet. Chouet had broken the
scholastic tradition at the academy, until then a centre of Calvinist scholarship,
by introducing such novelties as Cmiesian philosophy and demonstration experiments. It was probably through his influence that Fatio renounced an ecclesiastic career, disregarding the explicit wish of his father, and instead focussed
on mathematics and natural philosophy.t
Interrupting his theological studies at the age of eighteen, Fatio moved to
France to assist Domenico Cassini, the famous head of the Royal Observatory.
He stayed in Paris for a year and a half. The death of Colbeti, the academy's
main patron, probably prompted him to return to his home town. Back in Geneva he applied his astronomical skills in a series of geodetic measurements.
The proximate aim of the work, which he undertook in collaboration with his
brother, was the design of a new map of the lake of Geneva and its surroundings. The ultimate goal was to gain scientific recognition abroad and perhaps
even membership in the Parisian academy.
Fatio also studied the zodiacal light, a phenomenon discovered by Cassini
at the time that Fatio was in Paris. His observations resulted in an ingenious
theory, which he communicated to Cassini and other acquaintances. Although
Cassini presented these letters to the French academy, their effect was not what
Fatio had hoped for. The members were irritated by Fatio's circumspection in
securing his priority. For Fatio had already sent a manuscript containing his
theory to a Parisian journal, while postponing publication until his observations
·
provided greater clarity.t
With his chances in Catholic France dwindling, Fatio placed his hopes in
protestant Europe. Having heard of a French plot against the Prince of Orange,
he travelled to Holland in the spring of 1686 to inform the Prince of the pending dangers. The Dutch authorities handsomely rewarded Fatio by promising
him a mathematical professorship in The Hague on behalf of the state. The latter would involve a yearly stipend of twelve hundred florins. While waiting for
this prospect to materialise, Fatio entered into a close cooperation with Christiaan Huygens, Europe's leading mathematician. It was probably Huygens who
had testified to Fatio's mathematical competence.§
'This paper is largely based upon Zehe's aforementioned study.
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At the time Huygens was working on two specific topics, the first being
his theory of gravity and the second his method of determining the tangent to
certain mathematical curves. As in Paris, Patio adapted to the interests of his
new mentor, while trying to move ahead. His own solution to the tangent problem, worked out in collaboration with Huygens, made a strong impression on
the latter and cemented their relationship. In a similar vein the ambitious Patio
would eventually develop his own theory of gravity, taking that of Huygens as
a stmiing point.
When in the spring of 1687 the Dutch authorities still failed to deliver,
Patio decided to spend the summer in England. In London he was quick to associate himself with the leading members of the Royal Society, among them
Robert Boyle. While visiting the meetings of the Society, he was informed of a
forthcoming work by the Cambridge mathematician Isaac Newton that would
revolutionise natural philosophy. In June Patio was proposed for membership
of the Royal Society. The final decision on his admittance, however, was not
taken before the end of the year. The delay forced Patio to extend his stay in
Britain. Only in the spring of 1688 was he formally admitted as a member of
the Society.
In the following months he lectured the Society on various subjects, including Huygens' theory of gravity. His new prominence did not, however,
procure him a salaried position. But in the spring of 1689 Patio saw his chances
multiply. The Glorious Revolution had placed the Prince of Orange on the British throne, and Patio soon moved in courtly circles. More than once he was offered a position as secretary to one of King William's diplomats. Yet he declined these offers, as they did not match his ambitions. The only patron he was
willing to serve was his close friend John Hampden, the son of the king's
chancellor. But unfortunately Hampden fell out of favour with the court,
thereby diminishing Patio's prospects.*

Fatio and Newton
When in the late spring of 1689 Huygens paid his first visit to England, Patio
escorted his friend about the capital. He was also present at the Royal Society
meeting where Huygens and Newton met for the first time. It probably also
served as the occasion for Patio's introduction to Newton. The encounter had a
strong impact on both men. Before long Patio openly expressed his veneration
of Newton, 'the most honourable man I know, and the ablest mathematician
who has ever lived'. Newton's letters to Patio show that the affection was mutual and in Newton's case exceptionally strong. The scrutiny of Newton's
Principia convinced Patio of the failure of all theories based upon Cartesian
vortices, including Huygens' theory of gravity.t
In March 1690 Patio presented his own theory of gravity to the Royal Society. Two days later Newton came over to London and spent a month in the
'Ibid., 19-25.
r Westfall, Never at rest, 493-495
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company of Fatio. Fatio took care to obtain Newton's signature at the bottom
of the paper that he had presented, as well as that of Halley. Together Fatio and
Newton studied Huygens' recently published Traite de la Lumiere, which also
contained Huygens' views of gravity as well as some brief comments on Newton's theory.*
Later that spring, having accepted a position as a private tutor, Fatio accompanied his pupil on a trip to the Netherlands. Here he repeatedly visited
Huygens, with whom he discussed his own theory of gravity as well as his
mathematical itmovations. After the death of the young man entmsted in his
care Fatio returned to England in September 1691.·r Upon his return, Fatio and
Newton immediately resumed contact. Fatio ignored his brother's advice to
compose a book on his theory of gravity and instead stmied work on a new edition of Newton's Principia in which he meant to include his own theory. By
adding extensive comments to Newton's forbidding mathematics, he hoped to
make the work more accessible. But the task proved to be more demanding
than he had expected and in fact it never materialised.t
As the correspondence between Newton and Fatio makes clear, Fatio
came to share Newton's interests in alchemy and biblical prophecies. It has
been suggested that it was Newton who set Fatio on the course leading to his
religious extravaganza.§ In early 1693 Newton invited Fatio to come over to
Cambridge and take the chambers adjacent to his own. He even offered him an
allowance. At the time Fatio was considering a voyage to Geneva to settle his
affairs after the death of his mother. Although he was strongly tempted by
Newton's offer, he did not move to Cambridge. Fatio and Newton met in London in the summer of 1693, but their relationship seems to have come to a sudden end later that year. In September of the following year Fatio admitted to
Huygens that he had not heard of Newton for seven months. Whatever its
cause, the mpture between both men was never fully healed.**
Meanwhile Fatio had declined offers for professorships in Amsterdam and
Wolfenbuttel, the latter coming from Leibniz. As he explained, he lacked the
required 'knowledge, health, and diligence'. tt Instead F atio once again accepted a private tutorship in early 1694, spending most of the following years
in Oxford. Only in January 1698, during a trip to Holland, did he part company
with his young protege. In June Fatio returned to London, where he spent the
following year. Here he resumed his mathematical studies, solving a problem
set by Johatm Bernoulli four years earlier.H The problem in question was that
of the brachistochrone, or the curve of quickest descent.
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Within a few months following Bemoulli's public challenge, the problem
had been solved by Europe's foremost mathematicians, being, apart from Johann himself and his brother Jakob, L'H6pital, Leibniz and Newton. In response to the various solutions, Leibniz had remarked that he had correctly
predicted the names of those capable of tackling the problem. Patio, who had
not bothered with mathematics for years, was deeply hurt by the implicit suggestion of impotence. In 1699 Patio published a small mathematical tract, in
which he expounded his own solution to the Bernoulli-problem as well as those
to other mathematical questions. He boasted that the invention of his own version of the calculus had been independent of Leibniz' publications. He added
that Newton's letters and manuscripts proved Newton to be the first inventor.
He also insinuated that Leibniz, notwithstanding his own priority claims, had
actually 'borrowed' some vital insights from Newton.*
The accusation may have helped to at least partly restore the relationship
with Newton. Three years later, again tutoring in London after a two-year stay
in Geneva, Patio was mentioned by Gregory as being among those to whom
Newton had promised to publish his own mathematical methods as well as his
work on optics. In 1704 Gregory noted that Newton was trying watches with
jewel bearings made by Patio, and in 1706 Gregory mentioned a manuscript by
Patio on comets that he had seen. Patio repeatedly visited the meetings of the
Royal Society, now under Newton's presidency. Apparently, he was still active
in scientific circles.t
But in the course of 1706 Patio sealed his scientific fate. That year he
joined the Cevenol prophets, becoming a secretary to Elie Marion, one of the
leaders of the movement. Patio did not restrict himself to keeping records of
miracles and divine messages. He even seems to have made a public attempt to
raise a man from the dead. His punishment did not serve to sober him. In 171 0
he left London to accompany Marion on a missionary tour through Europe,
bringing them as far as Constantinople. By the time he returned to London his
reputation as a mathematician and philosopher had been effectively mined. t
Subsequent attempts to renew contacts with the Royal Society did not
meet with success. In spite of some new papers on mathematics, astronomy and
technological itmovations, Patio failed to regain scientific respectability. He
died in May 1753, ninety years old, and little more than a curiosity.

Mechanical explanations of terrestrial gravity
For a better understanding of the nature and genesis of Patio's theory of gravity, we must first consider pre ..Newtonian accounts of the cause of terrestrial
gravity. In the course of the seventeenth century philosophers came to reject
• Hall, Philosophers at war, I 04-109, 118-121; Zehe, Die Gravitationstheorie, 35-40.
Manuel, A portrait oj1saac Newton, 205-206; D. Gjettsen, The Newton handbook (London &
New York, 1986) 198; Westfall, Never at rest, 654.
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mixed attitude towards the Camisards, seeM. Jacob, 'Newton and the French Prophets', HistOI)' ofscience 16 (1978) 134-142, and Westfall, Never at rest, 654-655.
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the traditional view of gravity as a natural tendency of solid and fluid bodies to
move downwards. The mechanical philosophy did not tolerate the attribution
of such quasi-active properties to material objects. As the followers of Gassendi and Descartes stressed time and again, inanimate matter is unable to initiate motion. Therefore the cause of gravity must consist in an external agent
that pushes heavy bodies downward. Apparently the patiicles of this material,
though insensible agent impinge upon heavy bodies, thereby transferring part
of their motion to the grosser particles of the falling body.*
Most seventeenth-century mechanical accounts of gravity fit in either of
two broad categories, the one reaching back to Descartes, the other to Gassendi. In both cases we are confronted with a circulation of subtle matter. In
Descartes' cosmology contiguous whirlpools of insensible, subtle matter fill
the universe. Solar vortices carry planets around suns; planetary vortices move
moons around planets. The planetary vmiices allow for a natural explanation of
gravity. For according to Descartes, a terrestrial body owes its gravity to the
downward pressure of subtle matter circulating in the terrestrial vortex.
In a certain sense, bodies at the surface of the earth are light rather than
heavy, due to the spinning of the earth. If the space surrounding the earth had
been empty, all terrestrial parts not fi1mly attached to one another would fly off
towards the heavens. But as the subtle matter encompassing the earth moves
with a speed exceeding that of terrestrial bodies, it has a stronger centrifugal
tendency. In Descartes' stuffed world, the only way it can recede from the centre is by pushing slower bodies downwards. The resultant force upon terrestrial
bodies, lmown as their weight, depends upon the proportion of their pores,
penetrated by subtle matter, to their solid parts.t
The second type of gravitational mechanism consists in an upward and
downward stream of subtle matter. In this scenario, the main task is to account
for the fact that the downward stream has a stronger effect upon terrestrial bodies than its upward moving counterpart. One may assume that the descending
particles move with greater speed, or that they are coarser than the ascending
particles. The latter solution was of course based upon the analogy with rain or
hail. Newton's earliest views on gravity belong to this category, as did those of
Patio.+
Both kinds of explanation suffer from serious drawbacks. Two flaws mark
the Cartesian theory. Firstly, a unidirectional terrestrial vortex would impel
heavy objects towards the terrestrial axis rather than towards the centre of the
earth. Secondly, one would expect the rapidly rotating torrents of subtle matter
to drag the falling body along the tangent. This would seem to preclude a perfectly vertical fall. As we will see, Huygens' vortical theory of gravity was
based upon the awareness ofthese shortcomings.§
'Van Lunteren, Framing hypotheses, 6-9.
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But the notion of a gravitational hail also has its problems. We have already noticed the asymmetry between the upward and downward currents. But
even more problematic is the cause of this circulatory motion. Whence the
downward motion of the gravitational particles? It is no use to explain the
gravity of terrestrial bodies by appealing to the gravity of the subtle fluid. Yet,
few philosophers were discouraged by such difficulties. They either ignored
these problems or they invented ingenious ad hoc explanations.

Fatio and Huygens on terrestrial gravity
In a manuscript composed in 1685, Patio expounded his thoughts on the nature
of gravity. He spoke of a 'fierce current of exceptionally subtle matter', that
flows from all possible directions towards the centre of the earth, pushing all
bodies downward. The larger their surface and their quantity of matter, the
greater the impact of the current. According to Patio, the speed of the cunent
far exceeds that of falling bodies. This assumption was required by Galileo's
law of falling bodies, which makes the increment of speed independent of the
momentary speed of a falling object.
When the subtle matter reaches the centre of the earth, the central fire attenuates it. Its parts are broken down into smaller pieces. Thus energised and
rarefied the subtle matter flows outward. In its attenuated form it lacks its former power to move tenestrial bodies. Elsewhere Patio suggested that this outward motion of particles, caused by the central fire, effects the sucking down
of grosser particles, filling the vacated places of the former. Although fully
aware of the hypothetical nature of his theory of gravity, Patio did point to
what he saw as empirical support. Experiments with the airpump by Boyle and
Huygens suggested that under certain circumstances the height of a mercury
column in a glass tube could far exceed the customary value, attributed to the
pressure ofthe air.*
Within two years Patio learnt of another explanation of gravity. In early
1687 Patio was copying some of Huygens' manuscripts. In his notebook he
commented on those pieces that were of special interest to him. In February he
expressed his appreciation for Huygens' theory of gravity. Huygens had presented this theory to the French Academy in 1669, but until then postponed
publication. Huygens assumed that the spherical space, which included the
earth and its atmosphere, contained a fluid 'diversely agitated in all directions
with much rapidity'. As other matter surrounded this space, the fluid was unable to leave the sphere. As a result its particles described large circles around
the centre ofthe earth in all possible directions.
Huygens countered the objection that these motions would oppose each
other with the argument that the extreme smallness and the large mobility of
the particles could account for the preservation of the multidirectional agitation, as in the case of boiling water. Heavy bodies plunged into this fluid would
'H. Zehe, Die Gravitationstheorie, 88-95.
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not acquire any sensible horizontal motion, due to the rapid succession of the
impulses. He agreed then with the essential point of the Cartesian theory,
namely that the centripetal tendency of heavy bodies is due to the exceeding
centrifugal tendency of the particles of the celestial matter.*
By patching up Descartes' theory of gravity, Huygens lost the simplicity
and the unity of the Cmiesian conception. For the multidirectional vortex was
in Huygens' view sunounded by a unidirectional vortex, responsible for the
motion of the moon. He also left intact the Cartesian solar vortex. Such multiplication of vortices did not put Patio off. He even suggested an extension of
Huygens' multidirectional vortex so as to be superimposed upon the Cartesian
vortices, even in the case of the solar vortex. In his view the concerted action
of both vortices would account for the fact that all planets circulate more or
less in the same plane and in the same direction.
Yet, in his notes Patio did not restain his doubts about all vmiical explanations of gravity. As he made clear he failed to see how the centrifugal tendency
of the fluid would suffice to push bodies downward, whereas the direct, horizontal collisions of the fluid particles did not exe1i the least sensible pressure
upon those bodies. In his earlier theory, these collisions had played the central
role in the gravitational mechanism. His enthusiasm for Huygens' theory may
have been genuine; it was certainly not unqualified. t

Reconciling Newton and Huygens
In July 1688 Patio was requested to present Huygens' theory of gravity to the
members of the Royal Society. They were probably eager to know how the
views of Europe's leading natural philosopher related to Newton's recently
published conceptions. In the mean time Patio had read the Principia. His initial reservations with regard to Newton's principle of attraction had given way
to unqualified acceptance. Such acceptance was facilitated by the fact that,
unlike others, Patio saw no insuperable discrepancy between Newtonian attraction and mechanical explanation. For in his lecture at the Royal Society, Patio
attempted to combine Newton's attraction with what he regarded as a modified
form ofHuygens' theory.
In the first part of his lecture Patio expounded Huygens' original theory of
gravity. He now dismissed the notion that bodies were pressed downwards by
partly intercepting a vertical cunent of particles as absurd. For it would be impossible to account for such a cunent; and neither was it clear what would happen to these particles when they reached the centre of the earth. Therefore the
only natural explanation of tenestrial gravity would involve circular motions
around the centre of the earth. What followed were the details ofHuygens' theory.+
• Ibid., 71-83; Van Lunteren, Framing hypotheses, 17-18; CEuvres Completes de Christiaan Huygens, 23 vols. (The Hague, 188-1950) vol. XIX, 628-639.
t H. Zehe, Die Gravitationstheorie, 96-100.
t Ibid., 102-113.
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In the second pati of the lecture he suggested a modification of the theory
which would enable it to account for the Newtonian attraction between all
material bodies. To this end he transferred the centrifugal tendency of the
subtle matter from the neighbourhood of celestial bodies to that of solid
material particles. He gave two different accounts of this tendency. The first
anticipated his ultimate theory of gravity. Consider an infinite number of
extremely small particles flying in all possible directions through empty space.
Assume moreover that these particles take up only a marginal part of space.
According to Patio the presence of much larger solid spherical particles will
change the motion of the subtle particles in such a way as to make them flee
these solid bodies. For all particles moving away from a solid body will keep
on doing so, whereas those patiicles approaching the solid body will face an
imminent change of motion because of its presence. After the collision they
will likewise flee the solid body.*
This account will strike the modem reader as seriously flawed. For by
intercepting a particle the solid body will indeed augment the number of
patiicles moving away from the body at that side, but it will also diminish the
number of particles moving away at the opposite side of the body. Moreover, a
centrifugal motion of particles moving rectilinearly through empty space is
something very different from a centrifugal tendency in a rotating fluid, where
such centrifugal motion is prohibited. Patio may well have been aware of the
weaknesses in his first account for he immediately suggested a 'better'
explanation of the centrifugal tendency, being in fact the one proposed by
Huygens and now transferred to the microscopic reahn.
According to Patio, the resulting centrifugal tendency would produce a
dilution of the subtle matter (which he now considered to be elastic) in the
neighbourhood of solid bodies. The density of subtle matter in the space
between two neighbouring bodies would thereby be diminished. As a
consequence, these bodies would suffer a stronger pressure on the external
sides and therefore tend to approach one another. As a result all material
bodies, consisting of these gross, spherical particles, would tend to approach
one another in accordance with Newton's theory.t
But the latter theory also had its problems. Here the difficulty is to
account for the multidirectional circular motions of the subtle particles. If space
were indeed almost empty, as Patio now believed, then why would these
patiicles move in curved trajectories? As we will see, before long Patio would
relinquish the second explanation in favour of a modified version of the first.

Huygens' objections
Meanwhile Huygens had worked out his own compromise. His attitude towards Newton's theory was ambivalent. He accepted Newton's claim that an
inverse square centripetal force, rather than a Cartesian vortex produced plane, Ibid., 114-117.
t Ibid., 117-121.
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tary motion. But he dismissed Newton's mutual attraction of all material bodies
in the universe. In his view, such an attraction was both unwananted and redundant. Instead, he extended his explanation of tenestrial gravity to the solar
realm. It only remained to investigate the cause of the inverse-square diminution of the centripetal force with increasing distance from the sun, 'a new and
remarkable property of gravity'.*
He clarified his objections in his Discours sur la cause de la pesanteur,
published in 1690 as an appendix to his Traite de !a lumiere:
That is something I would not be able to admit because I believe that I see
clearly that the cause of such an attraction is not explainable by any of the
principles of mechanics, or ofthe rules of motion. Nor am I convinced of the
necessity of the mutual attraction of whole bodies, since I have shown that,
even if there were no earth, bodies would not cease to tend towards a centre
by that which we call gravity.t

A point that troubled Huygens was the inference, implicit in Newton's analysis, that the unhindered motion of the planets and comets required that the celestial spaces contained little if any matter, the ve1y point that was conceded by
Fatio. This conclusion seemed to shut the door to Huygens' explanation of
gravity and, above all, his doctrine oflight. For in Huygens view, expounded in
the Traite, light consisted in pulses transmitted by contiguous particles of the
ubiquitous subtle matter. As Huygens argued, the subtlety of this matter does
not imply that its parts are separated by large distances. Instead he suggested
that the particles 'touch each other, but that their tissue is rare and interspersed
with a great number of small void spaces. •t Being an atomist Huygens did not
have any serious objections to the void.
Huygens ended his discussion of Newton's theory with a repetition of his
mechanistic creed: 'It would be different, of course, if one would suppose that
gravity is a quality inherent in corporeal matter. But that is something which I
do not believe that M. Newton would admit because such a hypothesis would
move us far away from Mathematical or Mechanical Principles.' In tmth Buygens, like other continental philosophers, was sceptical with regard to Newton's adherence to mechanical principles. As he confided to Leibniz in 1690,
he was not satisfied by Newton's theory of the tides, or by all the other theories
that Newton built on his 'Principle of Attraction, which to me seems absurd.,§
Unlike Fatio, then, Huygens was both unwilling and unable to follow
Newton all the way. He did not believe in the possibility of a mechanical explanation of Newton's attraction, and Newton's evacuation of space conflicted
with his cherished theories of light and gravity, both of which required mutual
contact between contiguous particles. Neither did he see any need for Newton's
attraction, because his own mechanical account of a celestial centripetal force
sufficed to explain all relevant phenomena. As we will see similar considera• Van Lnnteren, Framing hypotheses, 44; rEuvres Completes de Christiaan Huygens, XXI, 472.
t Ibid., 471.
1 Ibid., 473.
*rEuvres Completes de Christiaan Huygens, IX, 538.
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tions precluded him from accepting Patio's new theory of gravity, first disclosed in a letter to Huygens in 1690.

Fatio's theory of universal gravitation
In the summer of 1689 Patio had discussed his views on gravity with Huygens,
who at the time was visiting London. While reading Huygens ' Discours in
early 1690, Patio realised that he had failed to convince Huygens of the validity
of his approach. He may have entettained a hope that Huygens would comment
favourably on his ideas in his new book. Huygens' failure to do so triggered
some new considerations from Patio's side. Commenting on Huygens' book in
a series of letters, Patio re-entered the subject of gravity, eventually disclosing
his new ideas. As he emphasised, he had finally cleared his theory of all possible objections. He suggested that Huygens' reserve was due to the same difficulty that had bothered him for some time.*
Part of the theory may seem familiar. He resumed the supposition of vety
subtle particles, speeding rectilinearly through empty space in all possible directions. To this hypothesis, he added the crucial assumption that these particles would lose a small part of their motion whenever they collided with gross
material bodies. He claimed that these assumptions would result in Newton's
gravitational action in accordance with an inverse-square law.
The argument ran more or less as follows. Consider only those particles
that will collide at a certain point on the surface of an impenetrable solid
sphere. As they move in converging cunents, the force of these cunents will be
inversely as the square of the distance. After the collision these same particles
will move away from this point in diverging cunents, again with a force inversely as the square of the distance. Due to the loss of motion, however, the
latter force will be somewhat smaller than the fmmer. At large distances the
dimensions of the sphere become negligible and the net result will be a centripetal force, inversely as the square of the distance. Adding to this the assumption that material bodies are extremely porous, Patio could also account
for the mass dependency of gravitation and the lack of gravitational screening
by interposed material bodies.t
Now comes the aforementioned difficulty. Patio originally believed that
his assumption of a loss of motion would imply an increasing accumulation of
subtle matter in the neighbourhood of gross material bodies. But he finally
came to realise that the extent of condensation would be finite, and that it
would be established almost immediately without any further increase. Moreover, as he later realised, it could be reduced to any desired amount if one increased the velocity of the gravific particles.t
' Fatio to Huygens, March 6, 1690 in: CEuvres CompliNes de Christiaan Huygens, IX, 384; Zehe,
Die Gravitationstheorie, 130.
t CEuvres Completes de Christiaan Huygens , IX, 384-386; Zehe, Die Gravitationstheorie, 134-138.
1 CEuvres Completes de Christiaan Huygens , IX, 387; Zehe, Die Gravitationstheorie, 140-142, 147,
154.
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In March 1690 Patio read a copy of his letter to Huygens at a meeting of
the Royal Society. He asked Edmond Halley, at that time secretary to the Society, to sign each page of the paper. Some weeks later he also received Newton's signature. In the manuscript that bears these signs Patio had added a few
considerations to the content of the letter. He argued explicitly for an infinitesimally small density of the subtle matter. The gravitational force being proportional to both the velocity squared and the density, one could diminish the
density to an arbitrary extent, by introducing a compensating increase in the
velocity. For most practical purposes, Patio's gravitational fluid was indistinguishable from empty space.*
In a later supplement to the theory Patio calculated the resistance experienced by a spherical body moving through his gravific fluid. His result was a
resistance that was proportional to both the velocities of the particles and their
density. Given the fact that the force exerted by the particles was proportional
to the density and the square of the velocity, one could easily arrive at an arbitrarily small resistance for any given force by decreasing the density and increasing the velocity.~"

The contemporary reception of Fatio's theory
The few philosophers with first-hand knowledge of the theory were hardly impressed by Patio's exercise. Hooke, who had attended the Royal Society meeting, noted his reaction in his diary: 'Facio [Patio] read his own hyp[othesis] of
Gravity, not sufficient.' The following week he condescendingly referred to
Patio as the 'Perpet[ual] Motion man'.t Halley was later said to 'laugh at Mr
Patios manner of explaining gravitation.'§ Patio likewise failed to convince
Huygens. In a letter written in reply to Patio's exposition, Huygens heaped up a
number of objections. In Huygens' view, either the subtle matter would have to
be annihilated at the central body, or no central force would arise. For the receding current would equal the approaching current. Moreover, without the annihilation, he could not see why the subtle matter would converge on the central body.
Patio replied that he did not assume all subtle matter to converge on the
central sphere. As the particles moved in all possible directions only a very
small part would actually move towards the sphere. For his explanation of
gravity, however, it sufficed to take only those pmiicles into consideration. As
far as the other objection was concerned, Patio argued that an arbitrarily small
loss of motion at each collision could produce the same force as the total annihilation of any given velocity. For the central force varied as the difference of
the squares of the initial and the final velocities. For a fixed difference and an
• Gagnebin, 'De Ia cause de Ia pesanteur', 115-116, 129-134.
t Zehe, Die Gravitationstheorie, 249-250.
1 R. Hooke quoted in G.E. Christianson, In the presence of the Creator: Isaac NelVton & his times
(New York & London, 1984) 345.
~D. Gregory quoted in I. Newton, The Correspondence (Cambridge, 1959-1977) 7 vols., vol. III,
191.
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increasing initial velocity, the final speed would approach the initial speed indefinitely. He also stressed that an arbitrary small amount of subtle matter, if
sufficiently split up and agitated, could produce all the required attractive
forces in the solar system.*
As is clear from the marginal notes that Huygens added to Patio' s letter,
he was not impressed by Patio's rebuttal. Still he did not take up the subject
again in his correspondence. They probably discussed the matter when Patio
visited Huygens in the Netherlands. Whatever the nature of these discussions,
they left Patio with the impression that he had convinced Huygens of the
soundness of his theory. As Huygens' subsequent letters to L'H6pital and
Leibniz prove, the belief was enoneous. Huygens held on to his conviction that
Patio's themy implied an accumulation of matter at the attracting body. I
The inappropriateness of some of Huygens ' criticisms leads one to suspect an utter lack of interest. He completely misrepresented the themy by comparing it to the themy of gravity of Varignon. The latter had explained tenestrial gravity by an elastic fluid sunounding the earth. The motion of an object
at a certain distance from the emih was detennined by the length of the columns of subtle matter below and above the object, both exerting a pressure on
the object proportional to the length of the column. Near the surface the upper
column, being much longer, exetied a far greater pressure, thereby pushing
bodies downward. There is hardly any resemblance with Patio's themy. t
Patio's unusual assumptions probably sufficed to make the theory unpalatable to Huygens and other followers of the mechanical creed. The vacuity of
space around and within material bodies, the extreme velocities that Patio
granted to his subtle particles, all this contradicted mechanical common sense,
and even worse, the physical theories cherished by all these natural philosophers. Leibniz, another corr-espondent of Patio, noted disapprovingly that Patio
regarded his doctrine of empty space not as a hypothesis, but as an indisputable
truth. To Leibniz, as to most Cartesians, empty space was anathema.§
The sole exception to this general dismissal may well have been Isaac
Newton. In a private memorandum, written at a much later date, Patio boasted
ofNewton's consent:
Sir Isaac Newton's Testimony is of the greatest weight of any. It is contained in some additions written by himself at the End of his own printed
Copy of the ftrst edition of the Principles, while he was preparing for a second Edition. And he gave me leave to transcribe that testimony. There he did
not scmple to say "That there is but one possible Mechanical cause of Gravity, to wit that which I had found out. ....••

' Huygens to Fatio, March 21 , 1690 & Fatio to Huygens April21 , 1690, in: CEuvres Completes de
Christiaan Huygens, IX, 391-393 , 407-412 .
t Ibid. , 412, CEuvres Completes de Christiaan Huygens, vol. X, 354, 613 .
1 Van Lunteren, Framing hypotheses, 19-20, 42-43.
§ Zehe, Die Gravitationstheorie, 174.
" Newton , The Corresp ondence, Til, 69-70.
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Newton on Fatio's theory
When Fatio returned to England in 1692, he still had not published his theory
of gravity. In fact he had lost the manuscript. In time, however, he managed to
retrieve it. Meanwhile he had put his hopes on Newton. A new and enlarged
edition of the Principia would be the ideal vehicle for the disclosure of his
causal explanation.
Newton began his revision of the Principia immediately after its publication. He entered the alterations in several copies of the book, allowing some of
his intimates to see and even transcribe them. Fatio actually transmitted a list of
Newton's emendations directly to Huygens, who passed them on to Leibniz. In
tum, Fatio also scrutinized the work for author's and printer's errors, jotting
down his own improvements.*
In December 1691 Fatio informed Huygens of his intentions to prepare a
new edition and see it through the press. He planned to add extensive commentaries to make the work more accessible. He expected the task to take him two
or three years. News of the new edition spread rapidly. Both Huygens and
Leibniz considered Fatio to be well qualified for the job.t At the time Fatio was
writing to Huygens, the mathematician David Gregory, another young intimate
ofNewton, testified to Patio's plans of including his own theory in the intended
second edition:
Mr Fatio designs a new edition of Mr Newtons book in folio wherin among
a great many notes and elucidations, in the preface he will explain gravity
acting as Mr Newton shews it doth, from the rectilinear motion of particles
the aggregate of which is but a given quantity of matter dispersed in a given
space. He says that he hath satisfied Mr Newton, Mr Hugens & Mr Hally in
0

+

It!

Although Fatio may well have misjudged the opinions of Halley and
Huygens, solid evidence supports his claim of Newton's favourable attitude. A
draft addition in Newton's hand to his discussion of the vacuity of the celestial
spaces in Book III of the Principia praises both theory and its author.
They are mistaken therefore who join the least particles of bodies together in
a compact mass like grains of sand or a heap of stones. If any pmiicles were
pressed together so densely, the gravitating cause would act less towards the
interior ones than towards the exterior ones and thus gravity would cease to
be proportional to the [quantity of] matter. Other textures of the particles
must be devised by which their interstices are rendered more ample. And
these are the necessary conditions of an Hypothesis by which gravity is to be
explained mechanically. The unique hypothesis by which gravity can be explained is however of this kind, and was first devised by the most ingenious
geometer Mr. N. Fatio. And a vacuum is required for its operation since the
more tenuous particles must be borne in all directions by motions which are

• I.B. Cohen, Introduction to Newton's 'Principia' (Cambridge, 1971) 162, 177-179.
t Ibid., 177-179.
1 Ibid., 180
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rectilinear and vety rapid and uniformly continued and these particles must
experience no resistance unless they impinge upon denser particles.*

However, as Patio knew well enough, Newton entertained doubts about a
mechanical cause of gravitation. As Patio later admitted, 'he would often seem
to incline to think that Gravity had its Foundation only in the arbitrary Will of
God. ,t Indeed, Newton seems to have planned the incorporation in his Principia of extensive references to ancient sources, supportive of the view that
God, being omnipresent, activated the entire cosmos. As Gregory recorded in a
memorandum:
The plain tmth is that he believes God to be omnipresent in the literal sense
[ ... ] But if this way of proposing this his notion be too bold, he thinks of doing it thus. What cause did the Ancients assign of Gravity[?] He believes
that they reckoned God the cause of it, nothing else, that is no body being
the cause, since every body is heavy.+

And at some unknown date Gregory added to his note on Patio's claim of
Newton's and Halley's consent: 'Mr. Newton and Mr. Hally laugh at Mr Patios
manner of explaining gravitation'.§ Perhaps Newton changed his mind with regard to the merits of Patio's theory. It is not unlikely that the proposed tribute
to Patio stemmed primarily from the strong affection that Newton felt for his
young protege. After the break-up, Newton never mentioned Patio's theory
again. In the second edition of the Principia, appearing as late as 1713, he incidentally dismissed all mechanical theories of gravity.
[Gravity] must proceed from a cause that penetrates to the very centres of
the sun and the planets, without suffering the least diminution of its force;
that operates not according to the quantity of the surfaces of the particles
upon which it acts (as mechanical causes used to do), but according to the
quantity of the solid matter which they contain.**

Let us compare this argument with his previous comments on Patio's theory. At that time he saw no difficulty in combining the empirically determined
proportionality of gravity to mass with a mechanical explanation, as long as
one accepted the extreme rarity of solid matter within ponderable bodies. In
fact, Newton still adhered to this conception of matter. By now however he extended his requirements of a mechanical explanation from the penetration of
bodies to that of the ultimate solid parts of matter. This was of course a condition that no mechanical theory could meet, Patio's theory being no exception.
But the proportionality of gravitation and mass does not strictly imply the
latter condition. As long as the ultimate particles of matter, or atoms, all share
the same ratio of surface area to volume Newton's objection loses its force.
Now, it may have been that Newton's dismissal was merely rhetorical and only
'Newton in A.R. Hall & M. Boas Hall (ed.) The unpublished scientific papers of Isaac Newton
(Cambridge, 1962) 315.
t Newton, The Correspondence, III, 70.
+W.G. Hiscock, David Gregmy, Isaac Newton and their circle: Extracts.fi·om David Grego1y 's
Memoranda I 677-1708 (Oxford, 1937) 29-30.
*Newton, The Correspondence, III, 191.
'*I. Newton, Mathematical principles of natural philosophy (Berkeley, 1962) 546.
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reflected his unwillingness to consider mechanical causes. On the other hand
the objection may have stemmed from a solid, but unprovable conviction that
the ultimate particles of matter differ in size or figure, an assumption that
would render his argument valid.
And even when in 1717 Newton did suggest a material cause of gravitation in the third edition of his Opticks, his fluid did not resemble that of Patio
in any respect. For its activity did not derive from the rapid motions of the particles, but rather from the repulsive forces between the static particles.* It
seems therefore safe to conclude that whatever Newton's original views of
Patio's theory, he eventually became as sceptical as other contemporaries.

The further development of the theory
The lukewatm reactions to his work did not undermine Patio's faith in his theory of gravity. In his view the theory was as indubitable and as well established
as Newton's law of gravitation, to which it formed a natural supplement. He
regarded Newton's work as essentially incomplete without his own physical
account ofNewton's mathematical principle of gravitation.
In the further course of his life Patio returned to his themy at several occasions. In 1696 he composed a manuscript in quarto entitled 'On the cause of
gravity' during his stay in Oxford as a tutor of a young nobleman. In the 40page manuscript he refined and expanded his theory, without changing anything in its physical assumptions. The additions were concerned with the structure of atoms required by the proportionality of gravity and mass and the free
passage of light through glass and crystal in each and every direction; with the
pressure exerted by the gravific pmiicles on a solid plane; and above all with
the concept of infinity as applied to the velocity and rarity of the fluid.t
In 1700, while staying in Geneva, Patio entered a correspondence with
Jacob Bernoulli. The latter probably considered any enemy of his brother a
likely ally. When Patio's theory cropped up in the correspondence, Jacob, intrigued by the hints that Patio had dropped, begged Patio for a full account: 'I
am dying of impatience to see your theory of gravity'. Eventually Patio did
send a detailed account. From the following correspondence it is clear that the
theory caused Bernoulli severe difficulties. Finally, Bernoulli praised the essay
as providing solid proof of Patio's talents and never addressed the subject
again. After Patio's return to England the correspondence seems to have come
to an end.+
In 1706 Patio added some new paragraphs to his manuscript. His subsequent flirtation with religious heterodoxy did not put a stop to his natural philosophical ambitions. After his missionary wanderings through Europe ending
in 1712, he resumed his mathematical and philosophical studies. In 1716 he left
London to settle in Maddersfield. His research now focussed on alchemy, the
'I. Newton, Opticks (New York, 1952) Queries 17-24.
Gagnebin, 'De !a cause de !a pesanteur', 119; Zehe, Die Gravitationstheorie, 34-35.
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t
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cabbala and theological speculations. In 1728 he wrote an obituary for Isaac
Newton. Subsequent attempts to regain his repute in learned circles met with
little success. In the same year 1728 he competed for the prize set by the Paris
academy for a physical explanation of celestial gravitation. Patio's submission,
a Latin poem in the style of Lucretius, was passed over by the judges. Instead
they awarded a theory based upon Cartesian vortices. An adaptation of the
poem, sent to the Royal Society in 1730, met with a similar fate. Attempts to
procure a readership for his theory through subscription likewise failed.*
Meanwhile, a copy of Patio's manuscripts had come into the hands of the
Genevan professor Gabriel Cramer. In 1731 Cramer published a dissertation
consisting of 37 theses on gravity, to be defended by his student Jallabert. Of
the 37 theses the last eight contained a summary of Patio's theory, without
however mentioning his name. It was also Cramer who in 1749 drew LeSage's
attention to Patio's theory.t
The final occasion for Patio to return to his theory of gravity was in 1742.
Again he polished his earlier arguments without adding anything meaningful.
If he was still pondering the publication of the intended 'Treatise on the cause
of gravity', such plans were soon thwarted by a stroke causing paralysis.
Patio's magnum opus never materialised. When Patio died in 1753 his theory
seemed to have disappeared with its author. Yet by this time Le Sage was already working on its revival.+

Conclusion
Patio's ideas on the cause of gravity fell on barren soil. In the course of time
philosophers were more and more divided along partisan lines. Those who kept
insisting upon mechanical explanations filled the universe with matter in vortical motion; those who swore by the void invoked 'active principles'. Patio's
theory of gravity appealed to neither group. In the eighteenth century those
who accepted Newton's universal gravitation took it for an irreducible principle, the cause of which was unfathomable. If pressed they would either hint at
an inherent, although not essential property bestowed upon matter by God at
the creation, or at a direct and continuous manifestation of God's will. Even the
French and Germans eventually came to adopt such views.§
It seems unlikely then that a published version of Patio's theory would
have made much of a difference. Perhaps philosophers would have been somewhat more careful in dismissing all mechanical accounts of universal
gravitation. Three arguments pervaded among the public dismissals of all mechanical explanations of gravity. A fluid offering no resistance to the motion of
bodies cannot exert a sensible power upon these bodies; gravity, being proportional to mass, must pervade the inner substance of bodies; the force does not
'Ibid., 47-48.
t Ibid., 279-280.
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depend upon the velocity of the attracted bodies. As we have seen Patio's themy was not vulnerable to any of these objections.''

Yet it seems likely that such objections should be seen as a symptom,
rather than the cause of the dissatisfaction with mechanical theories. The former preference for mechanical explanation was now seen to rest upon prejudice. Given the fact that we know nothing of the essence of matter, it was said,
how can we decide that attraction (in a physical sense) is less conceivable than
impulse. In the words ofMaupertuis, pleading the Newtonian cause in the Paris
Academy in 1732: 'Is it more difficult for God to make two remote bodies tend
or move towards one another, than to wait, in order to move it, until a body has
been encountered by another?'t
Given our state of ignorance, philosophers added, it seemed best to heed
Newton's 'Hypotheses non jingo'. For without any empirical clues it would be
useless to speculate on the cause of gravitation. This profound insight found its
most plastic expression in Voltaire's writings:
Those philosophers who create systems with regard to the secret construction of the universe are like our travellers who go to Constantinople, and talk
about the serail: they have only seen its outside, and yet pretend to know
what the sultan does with his favourites.+

'Ibid., 71, 86-87,90.
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