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 Henri Poincaré (1854-1912) was a leading mathematician and physicist, and a prominent public 
figure in his epoch. Besides his research and scientifical activities, Poincaré devoted much of his time, 
knowledge and intelligence to explaining science for the general public. Following his example, Jeremy 
Gray explains the content and context of Poincaré’s work and ideas with such clarity, that any interested 
reader can understand and enjoy. The book is divided in eleven chapters. 
 
1. The Essayist (pp. 27-144). Gray opens his scientific biography Poincaré, with a study of his essays, 
expository articles and philosophical books, which deeply influenced twentieth century view of the world. 
Not surprisingly, the portrait of Poincaré that emerges from this first chapter is framed by some of the 
most interesting questions being adressed  in his time.  

«The World of Four Dimensions.— Well, just as the perspective of a three-dimensional figure can be made 
on a plane, we can make that of a four-dimensional figure on a picture of three (or of two) dimensions. To a 
geometer this is only child’s play. We can even take of the same figure several perspectives from several 
different points of view. We can easily represent to ourselves these perspectives, since they are of only 
three dimensions. Imagine that the various perspectives of the same object succeed one another, and that 
the transition from one to the other is accompanied by muscular sensations. We shall of course consider two 
of these transitions as two operations of the same nature when they are associated with the same muscular 
sensations. Nothing then prevents us from imagining that these operations combine according to any law we 
choose, for example, so as to form a group with the same structure as that of the movements of a rigid solid 
of four dimensions. Here there is nothing unpicturable, and yet these sensations are precisely those which 
would be felt by a being possessed of a two-dimensional retina who could move in space of four dimensions. 
In this sense we may say the fourth dimension is imaginable.» (Henry Poincaré, La Science et L'Hypothese, 
1902, chapter 4, L'espace et la géométrie.) 
 

2. Poincaré’s Career (pp. 153-206). 
3. The Prize Competition of 1880 (pp. 207-247). On March 1879, the Acadèmie des sciences in Paris 
announced the topic for the Grand Prize of the mathematical sciences: 

«To improve in some important way the theory of linear differential equations in one variable (CR 1879, 
88, 511) 

Poincaré won the competition with a memoir on linear ordinary differential equations in the complex 
case. His work brought non-Euclidean Geometry into the mainstream of mathematical research. 

«For two weeks I tried to prove that no function could exist analogous to those that I have since called 
the Fuchsian functions: I was then totally ignorant. Every day I sat  down at my desk and spent an hour 
or two there: I tried a great number of combinations and never arrived at any result. One evening I took 
a cup of coffee, contrary to my habit; I could not get to sleep, the ideas surged up in a crowd, I felt them 
bump against one another; until two of them hooked onto one another, as one might say, to form a 
stable combination. In the morning I had established the existence of a class of Fuchsian functions, 
those which are derived from the hypergeometric series. I had only to write up the results, which just 
took me a few hours. I then wanted to represent the functions as a quotient of two series. This idea was 
perfectly conscious and deliberate; the analogy with elliptic functions guided me. I asked myself what  
must be the property of these series, if they exist, and came up without difficulty to construct the series 
that I called theta fuchsian. At that moment I left Caen where I then lived, to take part in a geological 
expedition organized by the école des Mines. The circumstances of the journey made me forget my 
mathematical work; arrived at Coutances, we boarded an omnibus for I don't know what journey. At the 
moment when I put my foot on the step the idea came to me, without anything in my previous thoughts 
having prepared me for it; that the transformations I had made use of to define the Fuchsian functions 
were identical with those of non-Euclidean geometry. [...] I then undertook the study of certain 
arithmetical questions without much apparent success and without suspecting that such matters could 
have the slightest connexion with my previous studies. Disgusted at my lack of success, I went to 
spend a few days at the seaside and thought of something else. One day, while walking along the cliffs, 
the idea came to me, again with the same characteristics of brevity, suddenness and inmediate 
certainty, that the transformations of indefinite ternary forms were identical with those of non-Euclidean 
geometry.» (Henri Poincaré, Science et Méthode, 1920, chapter III, quoted in [Gray]. pp. 216, 220). 
 

4. The Three Body Problem (253-299). In 1885, King Oscar II of Sweden announced a prize competition 
calling for essays on four specific topics. The winning essay was announced in 1889, and it a topic 
equivalent to determining the stability of the universe:  

«A system being given of a number whatever of particles attracting one another mutually according to 
Newton's law, it is proposed, on the assumption that there never takes place an impact of two 
particles, to expand the coordinates of each particle in a series proceeding according to some known 
functions of time and converging uniformly for any space of time.» (Nature 30 (1885), 202-203)) 



«In this particular case, I have found a rigorous proof of stability and a method of placing precise 
limits on the elements of the third body...  I now hope that I will be able to attack the general case 
and, that, from now until the first of June, I will, if not completely resolve the problem (of this I have 
little hope), then at least find sufficiently complete results to send in to the competition.» (H. Poincaré, 
letter to G. Mittag-Leffler, 16 July 1887)  

 The prize was awarded to Poincaré. On revising his Prize Memoir, he found that the invariant curves 
associated to an unstable periodic motion could cross one another, and this would produce a 
complicated dynamical behavior nearby. He had encountered chaotic behaviour. Once again, 
Poincaré’s work helped bring a new topic into the mainstream of mathematical research. 

«If one tries to imagine the figure formed by these two curves with an infinite number of intersections, 
each corresponding to a doubly asymptotic solution, these intersections form a kind of trellis, a fabric, 
a network of infinitely tight mesh; each of the two curves must not cross itself but it must fold on itself 
in a very complicated way to intersect all of the meshes of the fabric infinitely many times. One will be 
struck by the complexity of this picture, which I will not even attempt to draw.» (Henri Poincaré, last 
part of Les Méthodes nouvelles de la Mécanique Céleste,1892). 
 

5. Cosmogony (pp.300-317). Understanding the planet we live in involves understanding the motion of a 
rotating fluid mass. As Jeremy Gray explains when introducing Poincaré's contributions to this field, 
"The most spectacular sight of the problem is Saturn's rings". In Gray's book we find and explanation of 
Poincare's work on the Saturn Rings (he proved that they could not be solid) and its implications to 
cosmogony, inspired by Maxwell's work and by Sonya Kovalevsaya´s introduction (1874) of elliptic 
integrals when studying the shape of the rings. 
 
6. Physics (pp. 318-381). In this Cahpter, Gray introduces us to Poincaré's work on electricity and 
magnetism This work's staring point was, precisely, Maxwell discoveries and mathematical formulations. 
Poincaré described Maxwell fundamental idea in the following terms. 

«To show that it is possible to give a mechanical explanation of electricity, we do not have to concern 
oursleves with finding the explanation itself; it is enough to know the expression for two functions T 
and U which are the two parts of energy, to write down the Lagrange equations in terms of these two 
functions and then to compare these equations with the experimental laws» (Henri Poincaré, Les 
Électricité et optique,1890, quoted in [Gray] p. 334). 
 

7. Theory of Functions and Mathematical Physics (pp. 382-426). 
8. Topology (pp. 427-466). 
 After a very attractive historical description of the difference between set-point topology and 
algebraic topology, Gray discusses Poincaré's work on the second one, which was crucial to its 
development. 

«It is clear that if two surfaces can each be transformed to the other by a continuous transformation, 
then their groups are isomorphic. The converse, though less evident, is again true for closed surface, 
so that what defines a closed surface from the view point of Analysis Situs," is its group.» (Henri 
Poincaré, Sur l'analysis situs,1892, quoted in [Gray] p. 433). 
«I construct an example of a manifold, all Betti Numbers and torsion coefficients of which equal 1 but 
which is not simply connected. [...] One question remains to be dealt with: Is it possible for the 
fundamental group of V to reduce to the identity without V being simply connected?" (Henri Poincaré, 
Cinquième complément l'analysis situs,1904, quoted in [Gray] p. 4451). 
 

9. Interventions in Pure Mathematics (pp. 467-508).Poincaré’s work on Number Theory was mostly 
related with forms (finding canonical representatives, the relation between his previous work on ternary 
forms and his previous work on fuchsian groups or how the properties of binary quadratic forms relate to 
their  behavior under the action of a group of linear transformations in the variables). 

  «…certainly interesting, especially if your solutions permit ypu not only to find the group of 
substitutions that reproduces a given from up to a factor but to find, for a given number of variables, 
all the varions groups and the corresponding forms.» (Letter from Jordan to Poincaré, January 1880, 
quoted in [Gray] p. 472). 
 

10. Poincaré as a Professional Physicist (509-524). 
11. Poincaré and the Philosophy of Science (pp. 525-542).  
 
 Poincaré was one of the deepest and most prolific mathematicians and thinkers of his time. 
Following his work supposes an exploration of vast territories of mathematics, philosophy and science in 
general. Jeremy Gray’s book is an excellent guide for such a voyage. 
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