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Robert Hooke

Born: 18-Jul-1635

Birthplace: Freshwater, Isle of Wight, England

Died: 3-Mar-1703

Location of death: London, England

Cause of death: unspecified

Gender: Male

Race or Ethnicity: White

Sexual orientation: Straight

Occupation: Scientist

Nationality: England

Executive summary: Law of Elasticity, microscopist

English experimental philosopher, born on the 18th of July 1635 at Freshwater,

in the Isle of Wight, where his father, John Hooke, was minister of the parish.

After working for a short time with Sir Peter Lely, he went to Westminster

School; and in 1653 he entered Christ Church, Oxford, as servitor. After 1655

he was employed and patronized Robert Boyle, who turned his skill to account

in the construction of his air-pump. On the 12th of November 1662 he was appointed curator of experiments to the Royal

Society, of which he was elected a fellow in 1663, and filled the office during the remainder of his life. In 1664 Sir John

Cutler instituted for his benefit a mechanical lectureship of £50 annually, and in the following year he was nominated

professor of geometry in Gresham College, where he subsequently resided. After the Great Fire of 1666 he constructed a

model for the rebuilding of the city, which was highly approved, although the design of Sir Christopher Wren was

preferred. During the progress of the works, however, he acted as surveyor, and accumulated in that lucrative employment a

sum of several thousand pounds, discovered after his death in an old iron chest, which had evidently lain unopened for

above thirty years.

Hooke fulfilled the duties of secretary to the Royal Society during five years after the death of Henry Oldenburg in 1677,

publishing in 1681-82 the papers read before that body under the title of Philosophical Collections. A protracted

controversy with Johannes Hevelius, in which he urged the advantages of telescopic over plain sights, brought him little but

discredit. His reasons were good; but his offensive style of argument rendered them unpalatable and himself unpopular.

Many circumstances concurred to embitter the latter years of his life. The death, in 1687, of his niece, Mrs. Grace Hooke,

who had lived with him for many years, caused him deep affliction; a lawsuit with Sir John Cutler about his salary (decided,

however, in his favor in 1696) occasioned him prolonged anxiety; and the repeated anticipation of his discoveries inspired

him with a morbid jealousy. Marks of public respect were not indeed wanting to him. A degree of M.D. was conferred on

him at Doctors' Commons in 1691, and the Royal Society made him, in 1696, a grant to enable him to complete his

philosophical inventions. While engaged on this task he died, worn out with disease, on the 3rd of March 1703 in London,

and was buried in St. Helen's Church, Bishiopsgate Street.

In personal appearance Hooke made but a sorry show. His figure was crooked, his limbs shrunken; his hair hung in

dishevelled locks over his haggard countenance. His temper was irritable, his habits penurious and solitary. He was,

however, blameless in morals and reverent in religion. His scientific achievements would probably have been more striking

if they had been less varied. He originated much, but perfected little. His optical investigations led him to adopt in an

imperfect form the undulatory theory of light, to anticipate the doctrine of interference, and to observe, independently of

though subsequently to F. M. Grimaldi (1618-1663), the phenomenon of diffraction. He was the first to state clearly that the

motions of the heavenly bodies must be regarded as a mechanical problem, and he approached in a remarkable manner the

discovery of universal gravitation. He invented the wheel barometer, discussed the application of barometric indications to

meteorological forecasting, suggested a system of optical telegraphy, anticipated E.F.F. Chladni's experiment of strewing a

vibrating bell with flour, investigated the nature of sound and the function of the air in respiration and combustion, and

originated the idea of using the pendulum as a measure of gravity. He is credited with the invention of the anchor

escapement for clocks, and also with the application of spiral springs to the balances of watches, together with the

explanation of their action by the principle Ut tensio sic vis (1676).

His principal writings are Micrographia (1664); Lectiones Cutlerianae (1674-79); and Posthumous Works, containing a

sketch of his "Philosophical Algebra", published by R. Waller in 1705.

Father: John Hooke (minister)
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ROBERT HOOKE : Observation of Saturn rings, 1666
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déjà contenue dans un pli cacheté déposé à la fin de 1747 et aujourd’hui perdu ; il n’aurait
donc manqué à d’Alembert que d’appliquer numériquement sa méthode pour faire la même
découverte que Clairaut. Il en retire une amertume qui s’exprimera dix ans plus tard dans
le tome 9 de l’Encyclopédie (le volume parâıt en 1765 mais l’article est rédigé en 1759) : “Je
ne dois pas oublier d’ajouter 1o. que ma méthode pour déterminer le mouvement de l’apogée,
est très-élégante & très-simple, n’ayant besoin d’aucune intégration, & ne demandant que
la simple inspection des coefficients du second terme de l’équation différentielle ; 2o. que
j’ai démontré le premier par une méthode rigoureuse, ce que personne n’avoit encore fait,
& n’a même fait jusqu’ici, que l’équation de l’orbite lunaire ne devoit point contenir d’arcs
de cercle ; si on ajoute à cela la maniere simple & facile dont je parviens à l’équation
différentielle de l’orbite lunaire, sans avoir besoin pour cela, comme d’autres géometres,
de transformations & d’intégrations multipliées ; & le détail que j’ai donné ci-dessus de
mes travaux & de ceux des autres géometres, on conviendra, ce me semble, que j’ai eu plus
de part à la théorie de la lune que certains mathématiciens n’avoient voulu le faire croire.
Je ne dois pas non plus passer sous silence la manière élégante dont M. Euler intègre
l’équation de l’orbite lunaire ; méthode plus simple & plus facile que celle de M. Clairaut
& que la mienne ; & cette observation jointe à ce que j’ai dit plus haut des travaux de
ce grand géometre, par rapport à la lune, suffira pour faire voir qu’il a aussi travaillé très
utilement à cette théorie, quoiqu’on ait aussi cherché à le mettre à l’écart autant qu’on a
pû. L’Encyclopédie faite pour transmettre à la postérité l’histoire des découvertes de notre
siecle, doit par cette raison rendre justice à tout le monde ; & c’est ce que nous croyons
avoir fait dans cet article. Comme ce manuscrit est prêt à sortir de nos mains pour n’y
rentrer peut-être jamais, nous ajouterons par la suite dans les supplémens de l’Encyclopédie
ce qui aura été ajouté à la théorie de la lune, depuis le mois de Novembre 1759, où nous
écrivons cet article.”
Pour calculer l’avance de l’apogée, d’Alembert commence par utiliser la formule approchée
de u(z) que nous avons donnée plus haut. En annulant la dérivée de u par rapport à z
et en utilisant le fait qu’en une apogée zap, le nombre réel Nzap est proche d’un multiple
entier de 2π, il trouve l’équation approchée

sin(Nzap) ∼
1
9

sin(2zap − 2nzap).

Il obtient ainsi une avance moyenne de l’apogée de 1o30′ modulée par une “équation”
périodique d’une amplitude de 6o20′ qui est l’angle dont le sinus vaut 1/9. Il constate alors
que les Principia donnent le double pour la valeur observée de l’avance moyenne mais aussi
pour l’équation, avec de plus dans ce cas une différence de signe. La discussion de ce qu’il
en est vraiment de l’“équation” est délicate et je renvoie aux notes 89 et 106 de Madame
Chapront-Touzé pour une discussion complète. Disons seulement que d’Alembert calcule
l’apogée de l’orbite de la Lune (en projection sur l’écliptique) alors que Newton étudie les
mouvements “séculaires” d’une ellipse approchée. Les 6o20′ de d’Alembert correspondent
en gros à l’addition de deux “inégalités” :
– d’une part l’équation semestre de Newton dont l’amplitude (observée et non calculée
par Newton) est de 12o18′ (ramené aujourd’hui à 9o39′) et le signe opposé à celui de
d’Alembert ; c’est une inégalité de type “séculaire”, faisant intervenir un angle à longue
période, l’angle du Soleil avec l’apogée de la Lune ;

7



laplace.jpg (JPEG Image, 301x450 pixels) http://milesmathis.com/laplace.jpg

1 of 1 22/06/11 03:45



(Mécanique analytique, 1788). Chez D'Alembert, les mouvements perdus ou gagnés par le biais
des liaisons mécaniques s'équilibrent et ils définissent, en application du principe, l'équation
déterminant la solution du problème. Lagrange procède différemment. Il reproche la complexité
de l'application du principe qui ne peut faire l'impasse sur l'examen des figures et sur l'habileté
du géomètre dans la détermination de cette équation des mouvements équilibrés. Aussi, au lieu
de s'attacher aux mouvements perdus ou gagnés, Lagrange en prend d'autres équivalents.
Puisque le mouvement détruit est la différence entre celui imprimé et l'effectif, il s'attache à
l'équilibre entre les imprimés et les effectifs pris en sens contraire : en supposant F un ensemble
de forces imprimées à un système et F' un autre ensemble qui communiquerait aux corps
supposés libres du système les mouvements réels qu'ils prennent à cause des liaisons, l'action
simultanée de F et – F' conduit à un équilibre. Indéniablement, le livre de Lagrange dont
l'influence sera considérable au 19ème siècle s'appuie sur le Traité de D'Alembert, tant sur son
principe que sur l'ambition de fonder rationnellement la mécanique. Cependant, il n'en garde pas
l'esprit, à savoir la critique de concepts dynamiques, Lagrange considérant la force comme
première et non seulement comme une simple définition mathématique.

Figure 4

Joseph-Louis Lagrange (1736-1813)

  Dès la fin des années 1750, le jeune savant turinois est considéré comme le

traite-dynanique http://www.math.ens.fr/culturemath/histoire des maths/htm/dale...
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SECONDE PARTIE. SECTION V. 3a7

stantes, deviendra

En la substituant dans le premier membre de l'équation de l'article

précédent et ordonnant les termes par rapport aux différences mar-

quées par A, on aura

Comme on peut donner aux différences , , marquées par

la caractéristique A une valeur quelconque, il faudra que l'équation

soit vérifiée indépendamment de ces différences, ce qui donnera autant

d'équations particulières, telles que

14. Les différences marquées par la caractéristique sont propre-

ment les différentielles des constantes arbitraires devenues variables

(art. 10); ainsi, comme ces différentielles peuvent maintenant être

rapportées également au temps t, il est permis et même convenable de

changer les en d, et l'on aura, pour la détermination des nouvelles

variables a., , , , µ, v, les équations

qui sont, comme l'on voit, sous une forme très simple, et qui fournis-

sent ainsi la solution la plussimple du problème de la variation des

constantes arbitraires.
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Siméon-Denis Poisson (1781 - 1840)

JOURNAL

DE L'ÉCOLE POLYTEC,HNIQUE.

MÉMOIRE

Sur les Inégalités séculaires des Moyens mouvemens

des Planètes

L\x à l'Institut, le 20 Juin 1808.

Par M. PoisSON.

JL/actioN réciproque des planètes produit, dans leurs mouvemens,

des inégalités que l'on distingue en deux espèces les unes sont pério-

diques, et leurs périodes dépendent de la configuration des planètes

entre elles de sorte qu'elles reprennent les mêmes valeurs toutes les

fois que les planètes reviennent à la même position les autres sont

encore périodiques; mais leurs périodes sont incomparablement plus

longues que celles des premières, et elles sont indépendantes de la

position relative des planètes. On nomme ces inégalités à longues pé-

riodes, inégalités séculaires et, vu la lenteur avec laquelle elles croissent,

on peut les considérer pendant plusieurs siècles comme proportionnelles

XV.' Cahier. A







Félix TISSERAND ( 1845 - 1896)
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Sergei Yakovenko's blog: on Math and
Teaching
Saturday, June 12, 2010

Vladimir Igorevich Arnold: the sad birthday…

Filed under: Analytic ODE course — Sergei Yakovenko @ 3:12
Tags: Arnold, in memoriam

Today, June 12, 2010, Vladimir
Igorevich Arnold, or VIA, as we
used to abbreviate his name
between ourselves in writing,
should have turned 73. Today, as
many times on this day in the past
years, I should have been writing a
short informal  “Happy Birthday”
email that never was acknowledged
– VIA was not known for wasting
time on polite conversations, – yet I
knew he would have read it. If I
were in Paris, I would call and drop
by, – as all of his students would
do.

Instead, today we are waiting for
our Teacher to be laid to rest: the
funeral in Moscow is scheduled for
June 15. VIA died of foudroyant
pancreatitis on June 3, 2010.

The mere thought of Arnold being
ill contradicts his personality as we
remember him. All his life VIA
projected strength, confidence,
perfection, beauty, elegance. He
was all motion, all burst. I
remember him teaching  the
second-year class on Ordinary Differential Equations in the huge hall 16-24 in the Moscow
University main building. At the beginning of each class he rushed in, with his trademark briefcase
with the last soundbite of the bell,  starting the first phrase of the lecture while still 3-4 meters from
the blackboard. In a fraction of second his briefcase was thrown on the table, a piece of chalk
appeared in his hand, and when the first phrase was completed, we already saw a carefully drawn
picture on the blackboard and a few formulas written in his calligraphic handwriting near it. His
lectures were practically impossible to write down, as impossible it is to record by a cell-phone  a
superb performance of your favorite music.  Besides, it was very difficult to record the insight: as
Arnold speaks, draws, writes, you suddenly see how different things are getting connected and the
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JURGEN MOSER

COMMUNICATIONS ON PURE AND APPLIED MATHEMATICS, VOL. XI, 81-114 (1958) 

New Aspects in the Theory of Stability 
of Hamiltonian Systems * 

J U R G E N  MOSER 

1. Introduction 

The recent development of accelerators has led to many new questions 
concerning the stability of orbits governed by ordinary differential equations; 
a mathematical theory had to be developed to account for, and to predict, 
the observed behavior of particle beams in the magnetic fields of these 
various synchrotrons. Without discussing the physical motivation we shall 
attempt in this paper the mathematical analysis of the pertinent questions 
in such a theory and point out some open problems. 

The important feature of this theory is the fact that the differential 
equations considered are derived from a variational principle and therefore 
can be written in the Hamiltonian form. In physical terms this means that 
the influence of friction is being neglected. Thus an algebraic situation 
arises which makes the conventional stability theory-as developed mainly 
by Liapounoff -inapplicable and necessitates a new approach. 

In the following introduction we shall state the problems and discuss 
the results whose proofs will be furnished in the later sections. 

-4 ) Linear Systems 

tions of the form 
a )  Linear ProbEem in General. Consider a system of differential equa- 

(1.1) 

where x denotes a real m-vector and A ( t )  a real m by m matrix. The elements 
of A ( t )  are assumed to be continuous functions of t and periodic with the 
same period which we normalize to 2n. The well-known Floquet theory 
describes the general nature of the solutions of such a system. 

The definition of stability of a linear system should be adapted to  the 
kind of application considered. Here we will call the linear system (1 .1 )  
~ 

*This paper represents results obtained at the Institute of Mathematical Sciences, 
New York University, under the sponsorship of the Office of Naval Research, Contract 
N60ri-201, T.O. 1. 

81 



photo_JL_2011.jpg (JPEG Image, 930x623 pixels) http://www.imcce.fr/Equipes/ASD/person/Laskar/photo_JL_201...

1 of 1 22/06/11 04:20



242 J. Laskar Séminaire Poincaré

nouvelle machine, nous avons pu utiliser 5 Mh en 2008, ce qui a permis de finaliser
les calculs.

2.6 Possibilité de collisions entre Mercure, Mars, Vénus et la Terre

Fig. 6 – Exemple d’évolution à long terme des orbites des planètes telluriques : Mercure (blanc),
Vénus (vert), Terre (bleu), Mars (rouge). Le temps est indiqué en milliers d’années (kyr). (a) Au
voisinage de l’état actuel, les orbites se déforment sous l’influence des perturbations planétaires,
mais sans permettre de rencontres proches ou de collisions. (b) Dans près de 1% des cas, l’orbite
de Mercure peut se déformer suffisamment pour permettre une collision avec Vénus ou le Soleil en
moins de 5 Ga. (c) Pour l’une des trajectoires, l’excentricité de Mars augmente suffisamment pour
permettre une rencontre proche ou une collision avec la Terre. (d) Ceci entrâıne une déstabilisation
des planètes telluriques qui permet aussi une collision entre Vénus et la Terre (Figure issue des
résultats des simulations numériques de Laskar et Gastineau, 2009).

Grâce à la machine JADE, nous avons pu simuler 2501 solutions différentes du
mouvement des planètes du Système solaire sur 5 milliards d’années, correspondant
à l’espérance de vie du système, avant que le Soleil ne devienne une géante rouge.

Les 2501 solutions calculées sont compatibles avec notre connaissance actuelle
du Système solaire. Dans la majorité des cas, celui-ci continue d’évoluer comme
dans les quelques millions d’années actuels : les orbites planétaires se déforment et
précessent sous l’influence des perturbations mutuelles des planètes mais sans pos-
sibilité de collisions ou d’éjections de planètes hors du Système solaire. Néanmoins,
dans 1% des cas environ, l’excentricité de Mercure augmente considérablement. Dans
plusieurs cas, cette déformation de l’orbite de Mercure conduit alors à une collision
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Triple Collision 
in the Collinear Three-Body Problem* 

Richard  McGehee  (Minneapolis)  

1. Introduction 
Consider  n point masses moving  in k-dimensional  space according to 

the laws of classical mechanics.  If particle i has mass m~ > 0  and position 
q ~ R  k, then the negative potential  energy is given by 

mirn~ 11.1) U= ,< j.~. llq,_qjl[ , 

where II II denotes the Euclidean norm in R k. The mot ion of the particles 
is described by the system of differential equat ions 

migti=Vq U, i = 1 , 2  . . . . .  n, (1.2) 

where Vq, U is the gradient  of U with respect to qi. 
A posit ion (qt . . . . .  q,) of the particles will be called a collision if 

qi=qj for some i=l=j. The above system of equat ions is defined every- 
where except at collisions. Suppose we are given the position and 
m o m e n t u m  of the particles at t ime t = 0 .  If we do not start  at a colli- 
sion, then the s tandard theorems of differential equations assure the 
existence and uniqueness of a solution of Eqs. (1.2) on some maximal  
interval [0, t*). If t* < oo, then the solution is said to experience a singu- 
larity at t*. 

The behavior  of a solution as it approaches  a singularity is not fully 
unders tood,  but  some of the possibilities are known.  If  all of the particles 
approach  a limiting posit ion as t - -  t*, it is not  difficult to show that  the 
limiting posit ion must be a collision [12, 17]. The singularity is then said 
to be due to collision and the solution is said to end in collision. If m 
of the particles coincide while the rest have distinct positions, then the 
collision is called an m-tuple collision. It is unknown whether  there are 
singularities not  due to collision. 

* Supported by NSF Grant GP-38955. 
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Appendice 2. La note aux C.R.A.S. de Poincaré (30 novembre 1896).
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Three body problem

From Scholarpedia

Alain Chenciner (2007), Scholarpedia, 2(10):2111. doi:10.4249/scholarpedia.2111 revision #79311 [link to/cite this article]

Hosting and maintenance of this article is sponsored by Brain Corporation.

Curator: Dr. Alain Chenciner, Math Dept Paris 7 University and IMCCE (Paris Observatory), France

The problem is to determine the possible motions of three point masses , , and , which attract each other according to

Newton's (http://www-history.mcs.st-andrews.ac.uk/Biographies/Newton.html) law of inverse squares. It started with the perturbative

studies of Newton himself on the inequalities of the lunar motion[1] (http://en.wikisource.org

/wiki/Philosophiae_Naturalis_Principia_Mathematica/Preface) . In the 1740s it was constituted as the search for solutions (or at least

approximate solutions) of a system of ordinary differential equations by the works of Euler (http://www-history.mcs.st-andrews.ac.uk

/Biographies/Euler.html) , Clairaut (http://www-history.mcs.st-andrews.ac.uk/Biographies/Clairaut.html) and d'Alembert (http://www-

history.mcs.st-andrews.ac.uk/Biographies/D'Alembert.html) (with in particular the explanation by Clairaut of the motion of the lunar

apogee). Much developed by Lagrange (http://www-history.mcs.st-andrews.ac.uk/Biographies/Lagrange.html) , Laplace (http://www-

history.mcs.st-andrews.ac.uk/Biographies/Laplace.html) and their followers, the mathematical theory entered a new era at the end of the

19th century with the works of Poincaré (http://www-history.mcs.st-andrews.ac.uk/Biographies/Poincare.html) and since the 1950's with

the development of computers. While the two-body problem is integrable and its solutions completely understood (see [2]

(http://en.wikipedia.org/wiki/Two-body_problem) ,[AKN],[Al],[BP]), solutions of the three-body problem may be of an arbitrary

complexity and are very far from being completely understood.
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