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16. The subject matter of Professor Schlesinger?s paper will 
be incorporated in his forthcoming book on absolute geometry. 

17. Professor Griinwald applies the numbers fi + e^(e2 = 0) 
to the study of directed lines in space. 

23. From every pair of applicable surfaces it is possible to 
derive twenty-eight pairs of applicable surfaces. Professor 
Stackers paper appeared in full in the Jahresberieht, volume 
14, pages 507-516. 

E. A. MILLEK, 

E L I J A H SWIFT. 

THE PRESENT AND THE FUTURE OF MATHE­
MATICAL PHYSICS.* 

ADDRESS DELIVERED BEFORE THE SECTION OF APPLIED 
MATHEMATICS OF THE INTERNATIONAL CON­

GRESS OF ARTS AND SCIENCE, ST LOUIS, 
SEPTEMBER U, 190^ 

BY PROFESSOR H. POINCARÉ. 

W H A T is the present state of mathematical physics ? What 
are its problems ? What is its future ? Is it about to change 
its orientation? Will the object and methods of this science 
appear in ten years to our immediate successors in the same 
light as they appear to us ? Or are we to witness a far-reach­
ing transformation ? These are the questions we are forced to 
face to-day at the outset of our inquiry. 

I t is easy to ask ; difficult to answer. If we felt tempted 
to hazard a prediction, we should easily resist this temptation 
by stopping to think of the nonsense the most eminent scholars 
of a hundred years ago would have spoken in answer to the 
question of what this science would be in the nineteenth cen­
tury. They would have thought themselves bold in their pre­
dictions ; and after the event how timid we should have found 
them ! Do not expect of me therefore any kind of prophesy. 

But if, like all prudent physicians, I refuse to give a prog­
nosis, still I cannot deny myself a little diagnosis. Well, then, 
yes ; there are symptoms of a serious crisis, which would seem 

* Translated with the author's permission by Professor J. W. YOUNG. 
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to indicate that we may expect presently a transformation. 
However, there is no cause for great anxiety. We are assured 
that the patient will not die, and indeed we may hope that this 
crisis will be salutary, since the history of the past would seem 
to insure that. In fact, this crisis is not the first, and in order 
to understand it it is well to recall those which have gone 
before. Allow me a brief historical sketch. 

Mathematical physics, as we are well aware, is an offspring 
of celestial mechanics, which gave it birth at the end of the 
eighteenth century at the moment when it had itself attained 
its complete development. The child, especially during its 
first years, showed a striking resemblance to its mother. 

The astronomical universe consists of masses, undoubtedly 
of great magnitude, but separated by such immense distances that 
they appear to us as material points ; these points attract each 
other in the inverse ratio of the squares of their distances, and 
this attraction is the only force which affects their motion. But 
if our senses were keen enough to show us all the details of the 
bodies which the physicist studies, the spectacle thus disclosed 
would hardly differ from the one which the astronomer contem­
plates. There too we should see material points separated by in­
tervals which are enormous in comparison with their dimensions, 
and describing orbits according to regular laws. These infinitesi­
mal stars are the atoms. Like the stars proper, they attract 
each other or repel, and this attraction or repulsion, which is 
along the line joining them, depends only on the distance. 
The law according to which this force varies with the distance 
is perhaps not the law of Newton, but it is analogous thereto : 
instead of the exponent — 2 we probably have another ex­
ponent, and from this diversity in the exponents proceeds all 
the diversity of the physical phenomena, the variety in quali­
ties and sensations, all the world of color and sound which 
surrounds us ; in a word, all nature. 

Such is the primitive conception in its utmost purity. Noth­
ing remains but to inquire in the different cases, what value 
must be given to this exponent in order to account for all the 
facts. On this model, for example, Laplace constructed his 
beautiful theory of capillarity ; he simply regards the latter as 
a special case of attraction, or, as he says, of universal gravi­
tation, and no one is surprised to find it in the middle of one 
of the five volumes of his celestial mechanics. More recently 
Briot believes he has laid bare the last secret of optics, when he 
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has proved that the atoms of the ether attract each other in the 
inverse sixth power of the distance ; and does not Maxwell, 
Maxwell himself, say somewhere that the atoms of a gas repel 
each other in the inverse ratio of the fifth power of the distance ? 
We have the exponent — 6 or — 5, instead of the exponent 
— 2 ; but it is always an exponent. 

Among the theories of this period there is a single one that 
forms an exception, namely that of Fourier; here there are in­
deed atoms acting at a distance ; they send each other heat, but 
they do not attract each other, they do not stir. From this 
point of view, Fourier's theory must have appeared imperfect 
and provisional to the eyes of his contemporaries, and even to 
his own. 

This conception was not without greatness ; it was alluring, 
and many of us have not definitely given it up ; they know that 
the ultimate elements of things will not be attained, except by 
disentangling with patience the complex skein furnished us by 
our senses ; that progress should be made step by step without 
neglecting any intermediate portions ; that our fathers were un­
wise in not wishing to stop at all the stations ; but they believe 
that when we once arrive at these ultimate elements, we shall 
meet again the majestic simplicity of celestial mechanics. 

Nor has this conception been useless ; it has rendered us a 
priceless service inasmuch as it has contributed to making 
more precise the fundamental concept of the physical law. Let 
me explain : What did the ancients understand by a law ? I t 
was to them an internal harmony, statical as it were, and un­
changeable ; or else a model which nature tried to imitate. To 
us a law is no longer that at all ; it is a constant relation be­
tween the phenomenon of to-day and that of to-morrow ; in a 
word, it is a differential equation. 

Here we have the ideal form of the physical law ; and, in­
deed, it is Newton's law which first gave it this form. If, later 
on, this form has become inured in physics, it has become so 
precisely by copying as far as possible this law of Newton, by 
using celestial mechanics as a model. 

Nevertheless there came a day when the conception of cen­
tral forces appeared no longer to suffice, and this is the first of 
the crises to which I referred a moment ago. 

What was done? Abandoned was the thought of exploring 
the details of the universe, of isolating the parts of this vast 
mechanism, of analyzing one by one the forces which set them 
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going ; and one was content to take as guides certain general 
principles which have precisely the object of relieving us of this 
minute study. How is this possible ? Suppose we have before 
us any kind of machine; the part of the mechanism where the 
power is applied and the ultimate resultant motion alone 
are visible, while the transmissions, the intermediate gearing 
whereby the motion is communicated from one part to another, 
are hidden in the interior and escape our notice ; we know not 
whether the transmissions are made by cog-wheels or by belts, 
by connecting-rods or other contrivances. Shall we say that it 
is impossible for us to learn anything about this machine unless 
we are allowed to take it apart ? You well know that such is 
not the case, and that the principle of the conservation of energy 
suffices to furnish us the most interesting feature. We can easily 
show that the last wheel turns ten times more slowly than the 
first, since these two wheels are visible ; and we can conclude 
therefrom that a couple applied to the first will be in equili­
brium with a couple ten times as great applied to the second. 
To obtain this result, it; is in no wise necessary to look into the 
mechanism of this equilibrium, or to know how the forces bal­
ance in the interior of the machine ; it is sufficient to make 
sure that it is impossible for this balancing not to take place. 

Very well ! In the case of the universe, the principle of the 
conservation of energy can render us the same service. This 
universe also is a machine, much more complicated than any in 
use in the industries, of which nearly all the parts are deeply 
hidden ; but by observing the motion of those which we can 
see, we can by the aid of this principle draw conclusions which 
will remain valid no matter what the details of the invisible 
mechanism which actuates them. 

The principle of the conservation of energy, or Mayer's 
principle, is certainly the most important, but it is not the only 
one ; there are others from which we can derive the same advan­
tage. These are : 

Carnot's principle, or the principle of the dissipation of 
energy. 

Newton's principle, or the principle of the equality of action 
and reaction. 

The principle of relativity, according to which the laws of 
physical phenomena must be the same for a stationary observer 
as for one carried along in a uniform motion of translation, so 
that we have no means, and can have none, of determining 
whether or no we are being carried along in such a motion. 
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The principle of the conservation of mass, or Lavoisier's prin­
ciple. I will add the principle of least action. 

The application of these five or six general principles to the 
various physical phenomena suffices to teach us what we may 
reasonably hope to know about them. The most remarkable 
example of this new mathematical physics is without doubt 
Maxwell's electro-magnetic theory of light. What is the ether ? 
How are its molecules distributed ? Do they attract or repel 
each other? Of these things wre know nothing. But we know 
that this medium transmits both optical and electrical disturb­
ances ; we know that this transmission must take place in con­
formity with the general principles of mechanics and that suf­
fices to establish the equations of the electro-magnetic field. 

These principles are the boldly generalized results of experi­
ment ; but they appear to derive from their very generality a 
high degree of certainty. In fact, the greater the generality, the 
more frequent are the opportunities for verifying them, and such 
verifications, as they multiply, as they take the most varied and 
most unexpected forms, leave in the end no room for doubt. 

Such is the second phase of the history of mathematical phy­
sics, and we have not yet left it. Shall we say that the first has 
been useless, that for fifty years science was on a wrong path 
and that there is nothing to do but to forget all that accumu­
lation of effort which a vicious conception from the very begin­
ning doomed to failure? By no means ! Do you think the 
second period could have existed without the first ? The hypo­
thesis of central forces contained all the principles ; it involved 
them as necessary consequences ; it involved the principle of the 
conservation of energy, as well as that of mass, and the equality 
of action and reaction, and the law of least action, which ap­
peared to be sure, not as experimental facts, but as theorems, 
and of which the statement had I know not how much greater 
precision and lesser generality than under their present form. 

I t is the mathematical physics of our fathers which has grad­
ually made us familiar with these various principles, which has 
taught us to recognize them in the different garbs in which they 
are disguised. They have been compared with the results of 
experiment ; it has been found necessary to change their ex­
pression in order to make them conform to the facts ; thus 
they have been extended and strengthened. In this way they 
came to be regarded as experimental truths. The conception 
of central forces then became a useless support, or rather an 


