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THE CENTUEY'S PEOGEESS IN APPLIED MATH­
EMATICS. 

PRESIDENTIAL ADDRESS DELIVERED BEFORE THE AMERICAN 
MATHEMATICAL SOCIETY AT ITS SIXTH ANNUAL 

MEETING, DECEMBER 28, 1899. 

BY PEESIDENT K. S. W00DWAKD. 

T H E honor of election to the presidency of the AMERICAN 
MATHEMATICAL SOCIETY carries with it the difficult duty of 
preparing an address, which may be at once interesting and 
instructive to a majority of the membership, and which may 
indicate at the same time the lines along which progress 
may be expected in one or more branches of our favorite 
science. In partial recognition of the honor you have con­
ferred upon me it has seemed that I could do no better than 
to consider with you some of the principal advances that 
have been made in mathematical science during the past 
century. But here at the outset one must needs feel sharply 
restricted by the limitations of his knowledge and by the 
wide extent of the domain to be surveyed. Especially must 
this be the case with one who belongs to no school of math­
ematicians unless it be the l old school ' of inadequate 
opportunities and desultory training. On account of these 
conditions, I have found it essential to accept the ordinary 
division of the science into pure and applied mathematics 
and to confine my attention in this address wholly to ap­
plied mathematics. Here again, however, it is necessary to 
impose restrictions, for the domain thus divided is still far 
too large to be reviewed adequately in the brief interval 
allotted to the present occasion. I have therefore limited 
my considerations chiefly to those branches of applied math­
ematics which were already recognized as such at the be­
ginning of the present century. The most important of 
these branches appear to be analytical mechanics, geodesy, 
dynamical astronomy, spherical or observational astronomy, 
the theory of elasticity, and hydromechanics. This rather 
arbitrary subdivision may be made to include several im­
portant branches not enumerated, while it must exclude 
others of equal or greater importance. Thus the theory of 
heat diffusion which led Fourier to the wonderful analysis 
which bears his name may be alluded to under physical 
geodesy ; the theories of sound and light may be regarded 
as applications merely of the theories of elasticity and hy-
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dromechanics ; while the theories of electricity, magnetism, 
and thermodynamics, which are the peculiar and perhaps 
most important developments of the present century, must 
be excluded almost altogether. 

Another difficulty which besets one who would speak of 
the progress in question is that arising from the technical­
ities of the subjects to be discussed. Beautiful and impor­
tant as these subjects are when arrayed in their mathematical 
dress, and thrilling as they truly are when rehearsed with 
appropriate terminology in the quiet of one's study, it must 
be confessed that they are on the whole rather uninviting 
for the purposes of semi-popular exposition. In order to 
meet this difficulty it seems best to relegate technicalities 
which demand expression in symbols to foot notes and, while 
freely using technical terminology, to translate it into the 
vernacular whenever essential. Thus it is hoped to avoid 
the dullness of undue condensation on the one hand and the 
superficiality of mere literary description on the other. 

The end of the last century marks one of the most im­
portant epochs in the history of mathematical science. This 
time, one hundred years ago, the master work of Lagrange 
(1736-1813), the Mécanique Analytique, had been published 
about eleven years. The first two volumes of the Mécanique 
Céleste of Laplace (1749-1827), undoubtedly the greatest 
systematic treatise ever published, had just been issued. 
Fourier (1768-1830), whose mathematical theory of heat 
was destined to play a wonderful rôle in pure and applied 
mathematics, was a soldier statesman in Egypt, where with 
Napoleon he stood before the pyramids while the centuries 
looked down upon them.* Gauss (1777-1855), who with 
Lagrange and Cauchy (1789-1857) must be ranked among 
the founders of modern pure mathematics, was a promising 
but little known student whose Disquisition es Arithmeticae 
and other papers were soon to win him the directorship of 
the observatory at Göttingen. Poisson (1781-1840), to 
whom we owe in large part the beginnings of mathematical 
physics, had just started on his brilliant career as a student 
and professor in the École Polytechnique. Bessel (1784-
1846), whose theories of observational astronomy and 
geodesy were destined soon to assume a prominence which 
they still hold, was an accountant in a trading house at 
Bremen. Dynamical astronomy, the favorite science of 

*The bombastic words of Bonaparte, " Songez que du haut de ces 
pyramides quarante siècles vous con tem plenty ' may be excused, perhaps, 
in view of the fact that Fourier, Monge, and Berthollet were present on 
the occasion. 
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the day was under the dominating genius of Laplace, with 
no one to dispute his preeminence, and with only Lagrange 
and Poisson as friendly competitors in the same field. Ea-
tional mechanics as we now know it, was soon to be simpli­
fied and systematized by Poinsot (1777-1859), Poisson, 
Möbius (1790-1868), and Coriolis (1792-1843), who were 
all at this time under twenty-five years of age. The undu-
latory theory of light, in which Young (1773-1829), Fres-
nel (1788-1827), Arago (1786-1853), and Green (1793-
1841) were to be the most conspicuous early figures, was 
just beginning to be considered as an alternative to the 
emission theory of Newton. The theory of elasticity, or 
the theory of stress and strain as it is now called, was 
about to be reduced to the definiteness of formulas at the 
hands of Navier (1785-1836), Poisson, Cauchy, and Lamé 
(1795-1870). Planetary and sidereal astronomy, to which 
so much of talent, time, and treasure have since been de­
voted, was soon to receive the fruitful impetus imparted to 
it by the German school of Gauss, Bessel, Encke (1791-
1865), and Hansen (1795-1874). 

The advances that have been made during the past cen­
tury in analytical mechanics must be measured from the 
elevated standard attained by Lagrange in his Mécanique 
Analytique. To work any improvement over this, to sim­
plify its demonstrations, or to elaborate its details, was a 
task fit only for the keenest intellects. Lagrange had, as 
he supposed, reduced mechanics to pure mathematics. 
Geometrical reasonings and diagrammatic illustrations wTere 
triumphantly banished from this science and replaced by 
the systematic and unerring processes of algebra. u Ceux 
qui aiment l 'Analyse," he says, " verront avec plaisir la 
Mécanique en devinir une nouvelle branche, et me sauront 
gré d'en avoir étendu ainsi le domaine.'' The mathemat­
ical world has not only accepted Lagrange's estimate of his 
work, but has gone further, and considers his achievement 
one of the most brilliant and important in the whole range 
of mathematical science. " The mechanics of Lagrange," 
as Mach has well said, " is a stupendous contribution to the 
economy of thought."* 

Nevertheless, improvements were essential, and they came 
in due time. As we can now see without much difficulty, 
Lagrange and most of his contemporaries in their eagerness 
to put mechanics on a sound analytical basis overlooked to 

* The Science of Mechanics, by Dr. Ernst Mach. Translated from the 
German by Thomas J . McCormack. Chicago, Open Court Publishing Co. 
1893. 
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a serious extent its more important physical basis. The 
prevailing mathematical opinion was that a science is fin­
ished as soon as it is expressed in equations. One of the 
first to protest against this view was Poinsot, though the 
preeminent importance of the physical aspect of mechanics 
did not come to be adequately appreciated until the latter 
half of the present century. The animating idea of Poinsot 
was that in the study of mechanics one should be able to 
form a clear mental picture of the phenomena considered ; 
and that it does not suffice to put the data and hypotheses 
into the hopper of our mathematical mill and then to trust 
blindly to its perfection in grinding the grist. In elaborat­
ing this idea he produced two of the most important ele­
mentary treatises on mechanics of the century. These are 
his Éléments de Statique published in 1804, and his Théorie 
Nouvelle de la Eotation des Corps published in 1834. * In the 
former work he developed the beautiful and fruitful theory of 
couples and their composition, and the conditions of equi­
librium, as they are now commonly expressed in elementary 
books. In the latter work he took up the more recondite ques­
tion of rendering a clear account of the motion of a rigid 
body. This problem had been treated already by the illus­
trious Euler, d'Alembert, Lagrange, and Laplace, and it 
seemed little short of temerity to hope for any improvement. 
But Poinsot entertained that hope and his efforts proved 
surprisingly successful. His little volume of about one hun­
dred and fifty pages is still one of the finest models of math­
ematical and mechanical exposition ; and his repeated warn­
ing, li gardons-nous de croire qu'une science soit faite quand 
on l'a réduite à des formules analytiques," has been fully 
justified. He gave us what may be called the descriptive 
geometry of the kinetics of a rotating rigid body, the " im­
age sensible de cette rotation " ; he clarified the theory of 
moments of inertia and principal axes ; he made plain the 
meaning of what we now call the conservation of energy 
and the conservation of moment of momentum of systems 
which are started off impulsively; and he surpassed Laplace 
himself in expounding the theory of the invariable plane. 

Another elementary work of prime importance in the 
progress of mechanics was Poisson's Traité de Mécanique. 

* Outlined in a communication to the Paris Academy in 1834. In the 
introduction to the edition of 1852 he says, " Voici une des questions qui 
m'ont le plus souvent occupé, et, si Pon me permet de parler ainsi, une 
des choses que j ' a i le plus désiré de savoir en dynamique. u Tout le 
monde se fait une idée claire du mouvement d'un point, * * * Mais, 
s'il s'agit du mouvement d'un corps de grandeur sensible et défigure 
quelconque, il faut convenir qu'on ne s'en fait qu 'une idée très-obscure." 
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Poisson belonged to the Lagrangian school of analysts, but 
he was so profoundly devoted to mathematical physics that 
almost all his mathematical work was suggested by and di­
rected towards practical applications. His facility and 
lucidity in exposition rendered all his works easy and attrac­
tive reading, and his treatise on mechanics is still one of the 
most instructive books on that subject. He was one of the 
first to call attention to the value of the principle of homo 
geneity in mechanics,* a principle which, as expanded in 
Fourier7s theory of dimensions,! has proved of the greatest 
utility in the latter half of the century. The influence of 
Poisson's work in mechanics proper, very widely extended, 
of course, by his memoirs in all departments of mathemat­
ical physics, is seen along nearly every line of progress since 
the beginning of the century. 

Of other works which paved the way to the present ad­
vanced state of mechanical science, it may suffice to mention 
the Cours de Mécanique J of Poncelet (1788-1867), the 
Traité de Mécanique des Corps Solides et de Y Effet des 
Machines § of Coriolis, and the Lehrbuch der Statik || of 
Möbius. rJfo the two former we owe the fixation of ideas 
and terminology concerning the doctrine of mechanical 
work, while the suggestive treatise of Möbius foreshadowed 
a new type of mechanical concepts since cultivated by Ham­
ilton, Grassmann, and others under the general designation 
of vector analysis. 

Following close after the development of the elementary 
ideas whose history we have sketched came the important 
mathematical improvements in the Lagrangian analysis due 
to Hamil ton^ (Sir W. R., 1805-1865). With these addi­
tions of Hamilton, amplified and clarified by the labors of 
Jacobi, Poisson, and others,** analytical mechanics may be 
said to have reached its present degree of perfection so far 
as mathematical methods are concerned. By these methods 
every mechanical question may be stated in either of three 
characteristic though interconvertible ways, namely : by the 

*See Article 23, Tome I., Traité de Mécanique, 2nd éd., Paris, 1833. 
f Théorie Analytique de la Chaleur, Paris, 1822. 
t Metz, 1826. 
i Paris, 1829. 
IJ Leipzig, 1837. 
Tf " On a general method in dynamics.'' Philosophical Transactions, 

1834-35. 
** For an account of these additions and a complete list of papers bear­

ing on the subject (up to 1857), one should consult the admirable report 
of Cayley on *i Recent progress in dynamics, > ' published in the Report of 
the British Association for the Advancement of Science for 1857. 


