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Madagascar, a Common Coot (Fu!ica atra), British, a Blaubok 
( Cepha!ophus pygmceus) from South Africa, three Pluto Monkeys 
(Cei·copithecus p!uto) from West Africa, purchased; an Axis 
Deer ( Cervus axis ci ) , born in the Gardens. 

THE INFLUENCE OF MATHEMATICS ON 
THE PROGRESS OF PHYSICS 1 

IN discussing the value of a given study, a lecturer is by 
common consent allowed-sometimes even in private duty 

bound-to exaggerate the importance of his su':>ject, and to pre
sent it to his audience enlarged, as it were, through the magni
fying power of a projecting lens, so that the details with which 
he has necessarily to deal may be brought into m ore prominent 
view. In an introductory lecture such as it is my duty to give 
to-<lay, the speaker need the less feel any scruples in following 
the usual custom, as differe ,, t subjects are treated of in successive 
years, and the hearer may, after the lapse of a short cycle, strike 
a pretty fair balance between the various branches which have 
successively been brought before him. But although I might 
have felt tempted to-day to insist on the advantages of Applied 
Mathematics as a separate subject not only worthy of study, but 
second to none in interest and importance, and though I feel no 
doubt you would have accc,rded to me the indulgence which 
everybody requins who endeavours to lay an abnormal stress on 
the merits of a single branch of human knowledge, I prefer to 
found the claims of the subject which I have the honour to repre
sent in this college, not so much on its intrinsic value as on the 
influence it has had on the progress of other sciences. For no 
subject can stand by itself, and the utility of each must be 
measured by the part it takes in the play of the acting and re
acting forces which weave together all sciences into a common 
web. 

The grnwing importance of mathematics as an aid to the study 
of all sciences is daily becoming more apparent, and it may 
indeed be questioned whether at the pre;ent time we can speak of 
phy.sics as apart from applied mathematics. Riemann's opinion 
that a science of physics only exists since the invention of differ
ential equations is inte!Jigible ; but however close the connection 
between physics and mathematics may be or may become, their 
growth in the earlier stages has been altogether independent. 
Galileo may be said to have been the founder of mathematical 
physics, and amongst his successors have been many who showed 
a greater inclination towards pure mathematics than towards 
physics proper. On the other band, we can trace back the 
ancestry_ of our experimental physicist and that of our modern 
popular books on science to the Middle Ages, where we reach J. 
Baptista Porta and his books on natural magic. Even eighty 
y.:ars ago the fullest account of the state of experimental 
science was to be found in "Wiegler's Natiirlicbe Magie," a 
book of twenty volumes, in which scientific experiments and 
conjurers' tricks are alternately described. But since the 
beginning of this century the importance of the mathematical 
treatment of purely physical subjects has steadily grown, and 
fifty years ago the two sciences were already sufficiently united 
to induce the founders of the British Association to join them 
together into one section. From that time until the present year, 
when the mass of work necessitated a temporary separation, the 
experimentalist and the pure mathematician could be see ,1 at the 
annual meetings listen,ng, or a t least appearing to listen, to each 
other's investigations, and the influence which men of science on 
these occasions had on each other may be taken to represent 
roughly the mutual influence of the two sciences themselves; it 
was substantial, though in great part unconscious. I could not 
attempt to-day to give you a complete historical survey of the 
effect which the contact-one might ofren say the collision-of 
the two sciences had on the progress of each; even that part of 
the subject which I have chosen for special consideration is too 
vast to be successfully confined within the limits of a single 
lecture, and an incomplete sketch is all I can offer. 

The influence of mathematical investigations on physical 
theories is not restricted to any single stage, but makes itself 
apparent throughout the whole course of their evolution. Before 
a theory is even started, the mathematician is often necessary to 
prepare its way. He has to classify complicated facts in a sys
touatic manner, and working backwards from the phenomena 

1 A bcture introductory to the Session 188 1-82 of Owens College, 
:Manchester, by Arthur Schuster, Ph.D., F .RS., Professor of Applied 
~1 athematics. 

presented by nature, he endeavours to find out which of them 
are nece,sary consequences of others, and which of them require 
independent hypotheses for their explanation. It is in this way 
that the works of Poisson, Green, Gauss, and of all those who 
have followed in their footsteps, may be said to have laid the 
foundation of the theory of magnetism and electricity, although 
we do not yet as possess any physical notions as to the causes ot 
these phenomena. The true power of mathematics, however, 
comes into play only when the physical inventor has done h is 
work, a nd has formed distinct materialistic conceptions whi, h 
allow themselves to be expressed by mathematical symbols. lt 
is then that the con, equences of the theory are to be worked out 
and tested by experiment. In order to be convinced of the truth 
of any hypothesis, the scientific world wants quantitative experi
ments. Numbers f0rm the connecting link between theory and 
verification, and they always imply mathematical formul~ , how
ever simple these may be, Often two rival theories are on their 
trial and the mathematician is supposed to fine! out where their 
conclusions differ and where crucial experiments are most likely 
to decide definitely between them. It is remarkable, however, 
how much more often physical or even metaphysical considera
tions have decided between two theories than arguments derived 
from mathematical reasoning. So-called crucial experiments, as 
a rule, come either too early or too late. Sir Humphry Davy's 
experiment was absolutely conclusive against the corpuscular 
theory of heat, but scientific ideas were not ripe yet for the dis
covery, and his experiment had no marked effect on the progress 
of science. The crucial experiment here did not involve any 
mathematical deductions ; it is otherwise with that which might 
have decided between the two theories of light. According to 
the corpuscular theory, light travels more quickly in water than 
irt air ; according to the undulatory theory, the passage through 
water is the slower, and this distinction is founded on the neces
sity to accotmt mathematically for the laws of refraction. But 
when Foucault actually made the experiment, and gave a death· 
blow to the corpuscular theory, that theory was already dead. 
There was then only one scientific man of note left who still 
viewed the undulatory theory with suspicion, and bis suspicions 
were not allayed by the crucial experiment. But if mathematical 
deductions have not decided as often as they might have done 
between two rival theories, they have constantly strengthened 
and confirmed our belief in physical hypotheses by inventing 
new cases which might test the theory, and which might, if 
experiment supported the mathematical deduction, establish it 
on a yet firmer basis. 

The mo.st important of all the functions of mathematical 
physics, however, and perhaps the only one throngh which 
mathematics has had an unmitigated beneficial influence on the 
progress of physics is derived from its power to work out to 
their la.,t consequences the assumptions and hypotheses of the 
experimentalist. All onr theories are necessarily incomplete, 
for they must be general in order to avoid insurmountable diffi
culties. It is for the mathematician to find out how far experi
mental confirmation can be pnshed, and where a new hypothesis 
is necessary. Facts apparently unconnected are found to have 
their origin in a common source, and oLen only a mathematician 
can trace their connection. It is here that the pure experi
mentalist most often fails. A new experiment gives results to 
him unexpected, and he is tempted to invent a new theory to 
account for a fact which may only be a remote consequence of a 
long-established truth. Many examples might be given to show 
how mathematics often finds a connection unsu;pected by the 
pure experimentalist, but one may be sufficient. A ray of light 
passing through heavy glass placed in a magnetic field, in the 
direction of the lines of force, is doubly refracted as it comes 
out. To none but a mathematician is it clear that this is oulv a 
direct consequence of Faraday's discovery that the magnet turns 
the plane of polarisation of the ray on its passage through the 
glass. Happily this fact was first worked out theoretically; 
had it been otherwise, we should have heard mnch of the power 
of the magnet to produce double refraction. 

In addi tion to the many services actually rendered by mathe
matical treatment, the mere attempt to put physical theories into 
a form fit for such a treatment has of•en been invaluable in clearing 
the theory of all unnecessary appendages and presenting it in the 
simple purity which may bring its hidden failings to light, or 
may suggest vahrnble generalisations. Instead of dealing, how
ever, in a general manner wi\h the various ways in which mathe
matics have been meful in the prosecution of physical investiga
tions, it will be betttr to give a short account of the growth of 
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some of our physical theories, and to illustrate the subject of 
this discourse by a few digres,ions suggested by the historical 
development. 

As a first example I chose the progress of the undulatory 
theory of light. There is no other branch of physics in which 
the power of mathematics has been more successfully shown, 
nor is there one which shows the relations of experimental to 
mathematical physics in a truer light. At first we had experi
mental facts ahead of theoretical explanations; then we had the 
undulatory theory, which placed theory in advance of experi
ment; and now again a reversal has taken place, and un
explained experiments will remain unexplained until we shall be 
able to form more definite ideas of the relations between matter 
and the luminiferous ether. 

Huyghens first worked out scientifically the hypothesis that 
light consisted of the undulations of an all-pervading medium. 
But as those who adopted the rival theory professed to explain 
equally well all phenomena which were then generally known, 
the scientific world preferred to walk in Newton's footsteps, and 
to reject what they believed to be the complicated and unneces
sary assumption of an universal medium. The corpuscular 
theory could easily explain the ordinary laws of reflection and 
refraction. Its attempts to explain the colours of thin plates 
and the fringes of shadows were less successful, but experi
mental investigations of the,e phenomena were not sufficiently 
advanced to bring these facts prominently into view, nor bad 
their true explanation as yet been given. It "as only when 
mathematical analysis was applied to the uodulatory theory that 
its enormous advantages were discovered. Neither of the men 
to whom we owe the greatest advance which has yet been made 
in the ~cience of light was a professed mathematician. Young 
was a medical man, Fresnel was an engineer ; nor was the 
subject, when these men took it up, in a state which would have 
attracted a mathematician. Conceptions distinctly physical bad 
to be formed, and assumptions not quite satisfactory had to be 
made. Their chief claim to our gratitude rests, not so nmch on 
the mathematical treatment they have given, as on the fact that 
they left the subject in a state sufficiently advanced to allow 
mathematicians, even without special physical proclivities, to 
take it up, extend it, and establish its foundations more firmly 
than otherwise they could have dGne. 

The different manners in which Young and. Fresnel set to 
work to prove to the scientific world the truth of their favourite 
hypothesis, and the corresponding difference in their success is 
especially interesting for the purpose which we had in view. 
Both men had considerable mathematical ability, and of the 
two, Young perhaps had the greater inclination towards pure 
mathematics, yet he avoided wherever he could the use of 
rnathewatical symbols, and disdained to bring forward experi
mental verification for what he considered sufficiently clear 
without. 1 It is to Young that we owe most of the physical 
conceptions which have secured a final success for the undulatory 
theory of light. He was the first to explain the princi pie of inter
ference both of sound and of light, and be was the first to bring 
forward the idea of transverse vibrations of the undulations of 
light. The most diverse phenomena were explained by him, 
bnt their easy ex1 lanation was a sufficient proof to him of the 
theory he was defending, and he d,d not trouble to verify his 
conclu-iorrs by extensive numerical calculations. lt thus hap
pened, that although Young was first in the field in fumi-hing 
the true explanation of complicated phenomena, Fresnel, apply
ing mathematical analysis to a muc!i greater extent, had a much 
more potent influence in turning the scale of public opinion in 
favour of their common theory. 

Though Fresnel's tint memoir was published fourteen years 
after Young had established the principle of interference, 
Young's writings had remained unnoticed by him as well as by 
the scientific world in general, and Fresnel "as surpri,ed and 
irritated to hear that another had been in the field before him. 
But everyone mu t agree that the chief share in securing the 
final triumph of the wave theory belongs to Fresnel, nor can 
there be any doubt that this is due to the mathematical calcula
tions which he applied to cases easily verified by experiment. 
For there is a great fascination in a table with one column 
headed" calculated," another headed "observed," and a third 
giving the diflerences with the decimal point as much to the left 
as possible. And it is right that such tables should play an im
portant part in tbe history of science, for whatever the ultimate 

r "For my part it is my pride and pleasure, so far as I am able, to super
sede the necess.ty of experiments.,.-Peacock's ,. Life of Young," p. 477 
Abstract of letter by Yuung. 

fate of a rartially accepted theory, the one s-,lid legacy which 
it will leave behind after its death is the array of numbers for 
which in its successful stage it has given a sufficiently correct 
account, 

Fresnel invented different pieces of apparatus to test Young's 
simple supposition, independently made by him, that waves may 
be made mntually to destroy one another by addition, the crest 
of one wave being su;:erposed .. on the hollow of another. It is 
necessary _that the waves should originally be derived from a 
single source of light, yet they must ,eem to diverge from two 
different points. 1 he necessary experimental conditions were 
fulfilled by the ingenious device of reflecting the light from two 
mirrors slightly inclined to each other. The light diverging 
from the two images of one source was allowed to cross, and 
bands alterna tely luminous and dark ,_vere measured at the places 
where the waves overlapped. A ron,h micrometer of his own 
construction served to measure the intervals between the bands 
at various dbtances from the mirror, and Fresnel succeeded i,1 
obtaining sufficient data to test his theory. It cannot be my 
purpose to follow i,-resnel and to describe all the various devices 
which he invented to confirm his views, and to establi h the tl'ne 
theory of diffraction. Though he succeeded in making a convert 
of Arago, the greatest authorities then living, and the most 
influential men in scientific matters, both Laplace a!ld . Poisson 
disdained to consider the theory. The mathematical basis on 
which the theory rested seemed to them to be weak and insuffi
cient. No dou!Jt they were right; for many assumptions made 
by Fresnel were daring, and only justified by the results of 
further more careful investigations; rnme of his assumptions even 
were inaccurate. It was only" hen the phenomena of polari,ation 
and double refraction were explainecl that Laplace acknowledged 
the great p01rer of the undulatory theory, and with a remarkable 
inconsistency publicly stated his admiration for Fresnel's work, 
after a paper which is more unsatisfactory from a mathematicar 
point of view than anything else writ.ten by Freme!. The oppo
sition to the undulatory theory offered by the strictly mathewati
cal school no doubt prevent,cl its rapid acceptance by the general 
body oi scientific men, \ ut it is doubtful whtther its final snccess 
was delayed. On the contrary, Fresnel was spurred on to greater 
exertions, and the excitement caused by the violent views taken 
by the opposed parties rendered the question a burning one, 
which it was necessa,y to ,ettle definitely. The impartial obser
vers had, at the time of which we are speaking, one "rong argu
ment for suspending their judgment. One great cla ss of pheno
mena, now known under the title of phenomena of polarisation, 
were unexplained as yet, and it seemed doubtful to them whether 
the nndulatory theory could successfully overcome the difficulty. 
Then, as before, it was Young who first gave the physical ex
planation, while it was reserved for Fresnel again to show how 
the explanation was sufficient to account numerically for all the 
observed facts. 

Those who first started the idea of luminous undulations 
founded their belief in great part on the analogy between the 
phenomena of light and those of rnnnd. In a ;vave of sound 
each particle moves in the direction in which the waves are pro
pagated, and it ,,.as natural to make the same supposition for the 
waves of light. Yet the n,ass of unexplained facts forced Young 
to consider the alternative case of waves in which the motion is 
in a plane at right angles to the direction of propagation. The 
waves of water in which rnch a motion partly takes place may 
have given to Young the fir,t idea of a rnpposition which, is he 
showed, could account for many apparently sing-ular phenomena. 
But his want of ta,te for calculations as well as for experi
mental verification prevented him from reaping the full frnit s of 
his fertile ideas. Fresnel tells us that when he first conceived 
independently the idea of transverse vibrations he considend 
the supposition so contrary to received ideas on the nature of 
vibrations of elastic fluids, that he hesitated to adopt it, and he 
adds: "Mr. Young, more bold in his conjectures and less con
fiding in the views of geometers, pubfohed it before me, though 
he perhaps thought it after ire.'' But when once the question 
was raised, Fresnel applied to it the patient skill which, eirher 
by strict mathematical deductions or by happy guesses and 
assumptions surmounted all difficulties. The phenomena of 
double refraction and their connection "ith polarimtion were 
now explained, and all the varied phenomena of light seemed 
naturally to follow from the simple supposition of waves of 
transverse vibrations. Such a successful application of matl1e
matical calculations to the investigation of physical phenomena 
had not been beard of since the time of Newton, and could not 
fail in the end to produce its due effect. The suprorters of 
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Young and Fresnel became more numerous and confident, and 
the scientific societies duly acknow !edged the services rendered 
by both. Young was elected one of the eight foreign members 
of the French Academy, and Fresnel received the Rumford 
Medal of the Royal Society, which, however, only reached him 
on his deathbed. 

The undulatory theory now entered on a stage in which it 
could be taken up by the mathematician pure and simple, Its 
foundations had to be rendered more secure, and its consequences 
had to be worked out to a greater extent than even Fresnel had 
done. 

The scruples which hindered most of the French mathemati
cians from accepting Fresnel's views were shared by Poisso11, 
who dednced from his equations a result ap arently paradoxical. 
According to Fresnel's formulce, the centre of the shadow of a 
small circular disc formed by a luminous point should be as 
bright as if the disc were absent. But, however curious this 
result might be, it had been obseived just IOO years before 
Fresnel's time, and as that experiment had been complerely for
gotten, Poisson's theoretical conclusion had again to be subjected 
to the test of experiment, when it was found to be completely 
in accordance with fact. 

But the most remarkable discovery made solely by calculation 
was the so-called conical refraction, theoretically deduced from 
Fresnel's wave surface by Sir Wm. Hamilton. That great 
mathe natician had found that a point, when looked at through a 
crystalline plate cut in a certain di1'ection, should appear not as . 
a point, but as a ring, and the fact was verified experimentally 
by Prof. Lloyd, This discovery has always been considered 
one of the greatest triumphs of mathematical physics, and justly 
ranks on equal terms with the discovery of the planet Neptune 
by Adams and Leverrier, It is necessary to remark, however, 
that strange and unexpected conclusions, especially when they 
have been arrived at after complicated mathematical transforma
tiotis, tempt us sometimes to exaggerate the additional support 
which their verification gives to the theory by means of which 
those conclusions have been reacheu. It is extremely unlikely 
that any theory should account for all the facts explained by 
Fresnel, and not also for all those discovered by his successors. 
As a matter of fact, Fresnel's wave surface is not the only one 
which has been suggested, but as they all contain the singular 
points at which the conical refraction is produced, this pheno
menon is no proof that Fresnel's equations are strictly correct. 
It often happens in mathematical explanations of physical phe
nomena that the equations originally deduced contain a series of 
constants which are then determined to fit the experiments. This 
process, which is perfectly legitimate, does however often prove 
only that the theory is successful in giving us a useful formula of 
interpolation, and need not be conclusive in favour of the ideas 
which have led to the formula. lu a considerable number of 
cases, such as the reflection of light from metals, and even the 
theory of double refraction, we have different formula, which all 
give, as far as we can test them, a sufficiently correct account of 
the facts, and none of them therefore prove anything in favour 
of the views which the different authors of the equations have 
put forward. 

Before leaving our consideration of the services rendered by 
mathematics t0 the undulatory theory, we must not .forget to 
notice the mathematical investigations by means of which its 
foundations have been placed on a safe dynamical basis. The 
investigations of Cauchy, those of Green, which followed, but 
especially those of Stokes, have secured for this theory such a 
firm support tbat even Laplace might have accepted it without 
further scruples. As a matter of history these investigations 
have done little towards the final victory of the theory. They 
came too late to affect the course of event,, but they have in
creased the confidence of mathematicians in physical theories, 
and have prepared the way for further investigations. 

As I have already remarked, it is one of the great objects of 
mathematical physics to investi~ate how far we can safely push 
certain assumptions and where a new hypothesis must be brought 
into play. And, indeed, when we ave carried our calculations 
as far as we can, when we have experimented and measured as 
much as we can, we find that tbe undulatory theory as it stands 
at present, though follo'ling up to a certain point with mar· 
vellous accuracy the true course of nature, shares the common 
fat a of all theories, and leaves a vast quantity of facts unex
plained and waiting for more complete investigations. Nor is 
this to be wondered at ; '- ur as,umpti ms as regards material 
media may in many cases give correct results and no donbt 

answer very well as a first approximation, but we arrive at a 
point where rnch a material medium can no longer be considered 
homogeneous, and here our conclusions must break .down; but 
it is to mathematics that we must look for the next great step. 
Tbe progress of the science of optics during this century has 
shown us how much mathematical calculation can help to esta
blish a great and impoi:;tant fact such as the existence of that all
pervading medium, the vibrations of which constitute light, and 
I may review more quicl;!y the recent progress of other branches 
of science. 

In the science of heat we do not require mathematical calcula
tions to show the superiority of the mechanical over the corpns
cular theory. Sir Humphy Davy's experiment shows conclusively 
that heat cannot be a substance, and Joule's experiments served 
further to illustrate tbe great advantages of the mechanical 
theory. The mathematical treatment of thermic problems was 
not required to establish a theory, but was suggested by practical 
C3nsiderations. The important question, how much work we 
ca:1 get out of a steam-engine first attracted mathematicians, and 
out of this question the present , cience of thermodynamics may 
be said to have arisen.1 Carnot, who gave the initial impulse to 
these mathematical investigations, assumed in his papers that 
heat was indestructible, though he seemed personally inclined to 
prefer the mechanical theory, which denied that indestructibility. 
Carnot's investigations were only gradually appreciated, and it 
was only when Clausius and Thomson corrected his theory so as 
to bring it into accordance with modern ideas, that general atten
tion was directed to the subject, It was found that so many 
important consequences of physical interest (as the lowering of 
the freezing-point of water by presrnre) followed out of Carnot's 
corrected reasoning that the mechanical theory now rapidly made 
its way, and thou;:h, as already mentioned, the proof of its truth 
rests on a perfectly simple experiment, mathematics must be 
considered to have had an important share in the final establish
ment of that theory. 

It seems impossible to speak of the services rendered by 
mathematics to the progress of our know ledge of heat without 
mentioning the great law of the dissipation of energy. No two 
sciences seem further apart than mathematics and metaphysics, 
yet mathematical propositions have often furnished material for 
metaphysical speculations on the workings of nature. Thus the 
many dynamical propositions involving minimum or maximum 
properties, such as the principle of least action, have been taken 
to show that nature always works with the least expenditure of 
force, and thus the important law of dissipation of energy, 
which asserts that the world must have a slow and gradual end, 
cLuld not fail to be used in the discussion of its sndden and 
abrupt beginning. These metaphysical speculations react again 
on the progress of physics, but it seems doubtful how far this 
indirect influence of mathematics has been heneficial ; at auy 
rate mathematicians cannot be held r~sponsible for such an ex
tension of their power. 

An offshoot of the mechanical theory of heat is the molecular 
theory of gases. The idea on which that theory is ba,ed is not 
new, but it remained a speculation merely until, chiefly through 
the lahours of Joule, the mechanical theory of heat was experi· 
mentally established, and its laws investigated. There is perhaps 
no branch of science in which mathematics has had such unex
pected results in forming and confirming our faith in purely 
physical conceptions. That matter is made up of atoms and 
molecules is an hypothesis which simplifies many physical and 
chemical problems. It may, on chemical grounds especially, be 
considered a highly probable hypothesis, but we c-,uJd hardly 
have obtained the confirmation amounting to proof which the 
idea has received of late years, without the mathematical treat
ment which it has received at tbe hands of Clerk Maxwell and 
those who have followed in his footsteps. One of the most 
astonishing results obtained by Maxwell is the one subsequently 
verified by experiment, that so long as Boyle's law is true, the 
coefficient of viscosity, as well as that of the thermal conductivity 
in a gao, is independent of the pressure. This fact alone, 
which could never have been obtained without the aid of mathe
matics, is a sufficiently strong foundation on which we may rest 
our belief in molecules. It would be extremely interesting to 
follow out the more recent developments of the mechanical 
theory of gases, and to show how both mathematics and the 
absence of mathematics have advanced its progress, but if it is 

r Foucault's investigations, though of enormous mathematical importance, 
cannot be saiJ to have had a direct influence on the progress of physics. 
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a o-ood rule to say nothi.ug but good of the dead, it is a better 
on~ to say nothing at all of the living. 

I have already alluded to the mathtmatical treatment of 
electricity aad magnElism. The aid of mathema ics here was 
not required to confirm a theory, tut rather to prepare the way 
for one. The complicated laws, regulating the attractions of 
electric and magnetic bodies, and of bodies canying electric 
currents, have by the aid of mathematics been reduced to their 
simplest form, and electrical units have been connected with 
the ordinary mechanical uni.ts. This interesting branch of 
physics will furnish us with an example of the services which 
mathematics has rendered in directing the efforts of ,experi
menters into the pro,er groove. We need cnly compare the 
magnetic mearnrements which were made during the last century 
with those made in our own time. While the early investiga
tions gave us only a series of numbers impossible to interpret 
without a large quantity of accessory data, which are generally 
omitted, modem measurements, even when made by non-mathe
maticians, have generally been suggested by mathematical calcu
lations and very often serve a useful purpose. 

I have hardly alluded, as yet, to the science of dyr.amics, 
which is the foundation of all applications of mathematics. Its 
progress has been s' eady since the time of Galileo, but all the 
marvellous results arrived at by N ewtcn and his followers, 
results which first showed the great fertility of .applied math_e
matics, are too familiar to need any Enumeration from me. The 
modem researches in hydrodynamics may perhaps not as yet 
have led to any definite result of ph}'sical interest, but they are 
rapidly progressing towards that end, and we may look forward 
to an increasing number of physical discoveries made by the aid 
of mathematics. 

In tracing the history of some of our modern theories, I have 
followed the usual plan of presenting the history ,Jf science as 
illustrated by the discoveries of our great scientific men. It is 
necessary, however, to draw attention to the fact, and I have 
tried to keep this point in view throughout this discourse, that it 
is not always the most conclusive arguments which carry the day, 
and that secondhand thinkers have often had a more potent in
fluence in shaping the course of scientific history than those to 
whom we now justly ascribe the greater merit of discovery. In 
cur hist0rical studies, therefore, we ought to direct our attention 
not less to that which has influenced public opinion, than to the 
actual soundness and originality of each discoverer. 

If we ransack old books of science we often come across 
passao-es of long-forgotten writings, in which, when they are 
prope~ly construed, \>hen new meanings are given to old words 
and obscure expressions are freely translated, we may trace a 
faint prophetic glimmering of a modern theory. Such passages 
have a p~culiar charm for the student of scientific history; they 
are often the only reward for much patient and otherwise use
less reading, and are interesting as showing the almost boundless 
ingenuity both of him 'Aho made the statement and of him who 
interpreted its meaning. But those who are fond of this process 
of exhumation onght not to forget that two parties are necessary to 
every advance in science-the one that makes it and the one that 
believes in it, and the course of history is as much affected by 
the second class as by the first. 

'' A jest's prosperity lies in the ear 
Of him that hears it, never in the tongue 
Of him that makes it.·~ 

A scientific man, in so far as he influences the progress of 
sc·ence, cannot be far ahead of his time, and though his writings 
may be read and admired centuries after his death, he will have 
written in vain if he has not been appreciated by his contem
poraries or by those who immediately followed them. For our 
present purpose, then, we must consider not so much those 
mathematical arguments which appear now to us the most con
clusive ones, but such as did appear conclusive to those whose 
opinion they were meant to affect. But if we try to discover 
what arguments have had the greatest power in removing old 
preju ices and in causing a solid advance in science, we find that 
they have often been of the most flimsy nature. Analogies, 
sometimes not even good ones, have succeeded where solid 
reasoning has failed, prejudices have been overcome only by 
other prejudices, and a rough illustration of a point of secondary 
importance may have made a previously obscure theory l_ook 
more familiar, though not more clear, to the popular mmd. 
What, for instance, has the existence of Jupiter's four satellites 
to do with the question whether the earth turns round the sun 
or the sun round the earth? Yet the discovery of these satellites 

has produced a greater revcluticn in favour of the Copernican 
theory than anything ehe that Galileo wrote on the subject. 

If we look at the history of science from the point of view 
suggested by these considerations, we find that in addition to the 
legitimate influence of mathematics which we have traced, its 
practical effects, through less reasonable cause,, have often been as 
powerful. The stattment that in science authority is of 110 ava,l 
against argnment, is one the proof of which must be lnoked for 
in the future, rather than in the past. There can be little dourt 
that authority has had a great effect in all scientific revolutions, 
and the authcrity of mathematicians was always greater than 
that of other men of ,ci.ence. Men are thoroughly convinced in 
one of two ways only; either by a trnin of reasoning which th, y 
can fully appreciate, or by one which is entirely above their 
comprehension. To those "ho are particularly amenable to the 
second kind of proof, mathematics has always been a magic 
power. Many results first obtained by the help of advanced 
mathematics have since been deduced by more elementary rea
soning, but it seems questionable whether the original author 
would have been as successful in overcoming the inertia of hi, 
contemporaries, if he had confined himself to language intelligible 
to 1he greater number of his reeder,. It is no douLt due to this; 
cause that mathematical papers have brought wifh them more 
widespread convincing power than we should now feel inclined 
to accord to them. The papers of Young, in which he avoided 
mathernm:ical symbols, may appear to us sufficient to establi-h 
the nndulatory theory of light; the arguments of Sir Humphry 
Davy, the experiments of Joule, may ,eeni absolutely conclnsive 
in favour of the mechanical theory of heat; but although the 
mathematical investigations of Freme!, Clausius, and Thomson 
could be appreciated only by a much smaller number of readers, 
they had a more powerful influence in turning the scale of public 
opin:on in favour of the rnodern ideas. It seems sometimes 
almost as if it required an experimentalist to cmvince a mathe
matician, and a mathunatician to convince the general world. 
It is impossible to enter into greater detail or to exemplify more 
amply the assertions which l have made without touching on 
delicate and controversial matters, cut on the present occasion it 
seemed to me to be specially fitting to point out that the course 
of science is as much affected by the appreciative faculty 
of receptive minds as by the creative faculty of the discoverer. 

It is given to few only to take an active and successful part in 
the prcduction of scientific work, The young man who begins 
life with the idea of making a name as a scientific discoverer i.s 
like the little girl in Punch who intended to become a profes
sional beauty. They may both be successful, but if so, it will 
depend as much on the ready appreciation of their contempo
raries as ou themselves, The advance of science takes place 
through many channels, and each generation has its own part to 
play. Particular ideas, particular faculties are wanted at par
ticular times, and no one ca1i foretell where success will be. 
Men who are now quoted as shining lights would have passed 
away unnoticed had they }ived at other times, and many a life 
has been one of patient but unsuccessful work, because its ener
gies were devoted to a subject which was barren, or at least lay 
fallow for a time. No one, for instance, who has attempted to 
read through J. B. Mori.nus' work (and I doubt whether any one 
has ever got beyond the attempt) can fail to notice in him quali
ties which might have made a successful discoverer. In his 
method of determining longitudes by lunar distances Mori.nus 
has left us a lasting legacy. During the greater part of his life, 
however, his energies were devoted to the study and application 
of astrology, and all the labour spent on that subject was thrown 
away, although he did his best to make his own prophecies co"?e 
true, and, having predicted the end of the world for a certam 
year, went through with his share of the proceedings, and died 
a natural death at the appointed time. A priori, there was no 
reason why astrology when married to mathematics should not 
have produced a healthy progeny, and looking especially to the 
state of science at the time, we can have little fault to -find with 
the old astrologers; it is only the long and sad experience of 
their failure and disappointment that has given us the right to 
laugh at their unproductive efforts. 

History then does not teach us any royal road to success. But 
more important for the ultimate progress of truth than a solitary 
success is the training of the faculty which enables the scientific 
man to judge correctly, and to appreciate the results of those 
who strike out new roads and extend the boundaries of know
ledo-e, It seems to me to be one of the chief objects of an 
institution like this to bring up men, who, by con•cientious con-
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sideration of scientific speculations, may help to give that solidity 
and elasticity to public opinion which is necessary for the rapid 
advance of science. 

lf 1 say that the study of applied mathematics is pre·eminently 
fitted for the improvement of an acute and correct Judgment, I 
onlv express a ,entiment which, I am sure, is felt by each of 
my.colleasues for bis o\\n subject. \\ here so many attempts 
are made, let us hope that cne may have the desired effect. 

i./.\'IVERSJTY AND EDUCATIOl1rAL 
INTELLIGENCE 

CAMBR!DGE.-The Smith's prizes were adjudged as follows :
The first to Mr. Herman, of Trinity Colle6e, the Senior 
\\'rangler; the second to Mr. Yeo, of St. John's College, the 
Secc,nd Wrangler. 

Mr. W. F. 1{. \\'elden, B.A., of St. John',; College, has been 
norninated to study at the Zoobgi.:al Station at Naples Lll June 
I, 1882. 

Among the subjects for which Downing College offers minor 
:ochuhrships of from 40/. to 70!. per annum (examination June 
6) are Chemistry, Physics, Physiology, Comparative Anatomy, 
and Botany. No candidate will be examined in more than three 
subjects and two of them rnnst be chosen from the first three 
named. ' Great weight will be given to special proficiency in 
one rnbject. The scholarships a:e open to non-collegia~e 
students, or to those 'I\ ho have resided less than one tenn m 
any college. In June, also, the College offers one foundation 
Scholarship in Natural Science, open t<;> all members of the 
University who have not kept more than six terms. 

Prof. Stuart ha; been eleeted a '.\fember of the Council of the 
Senate until November 7, 1884, in the place of Prof. Cayley, 
resi,.rned. 

'the Burney prize for the present year. is to be given for an 
e,;;ay on the following snbject: "The Teleological argument 
for the exi,tence of an intelligent and moral First Cause, as 
affected by recent Scientific Investigation." 

!\Ir. MacALster is lectnring at St. John's College on Methods 
of I'hysical Diagnosis for medical students he6inning chemical 
work. Dr. Gaskell is lecturing on Respiration; Mr. Lea will 
lectnre in March on I'hysiological Chemistry. 

THE Chair of Aariculture at the Royal Agricultural College, 
Cirencester, vacant "at the close of the present Session, has been 
offered to ,md accepted by Mr. Herbert J. Little, of Coldham 
Hall, Wi,beach. -

SCIENTIFIC SERIALS 
]'ournai of the Asiatic Society of Bengal, vol. l. part 2, No. 4 

(December 21, r88r), contains: \V, 1'. Blanford, notes_ on an 
apparentlv undescribed species of Varanus from Tenassenm and 
notes on 'other reptiles and amphibia.-T. \VoA-l\fason and L. 
de Niccviile, second part of rhopalocero_us. lepidoptera from 
Pm t :Ulair, Andaman Islands, with descnpt10ns and notes on 
llew or little-known species and varieties (plate 14). This last 
adds t., enty-two species to the fauna .-Geoffery Nevill, de
;cription of a new species of IZostcllaria frol1:1 the B~y of Bengal 
(R. ddicatula).-\Y. T. Blanford, a numencal estimate of the 
species of animals, chiefly land and fresh-water, hitherto recorded 
from British lnaia and its dlpendencies: Mammals 405, Birds 
1681, Reptiles 514, Batrachia about IOo, Fi,hes 1357, Mollusca 
lane! and fre,h>1 ater, about 1000, Coleoptera, 4780, Hymenoptern 
850, Lepidoptera 4620, Hemiptera about 650, N_europtera ab~nt 
350, Diptera 500 (?) Onhoptera 350 (?) Arachmda 120, Myria
poda 50, Crustacea, land and fresh-water,. 100. A glance at 
there fivures and a comparison of them with tbe number of 
species "known of the Arthropod oraers in Europe will show 
Ano-L-In<lian naturalists how much there i.; yet to be done 
bef~re the fauna of this great country approaches a complete 
enumeration.-]. Wood-Mason, on Euripus cinna111011,eu.,, a 
1,cw species from North-Ea,.t Jndia (plate 4). 

Annalen der Pl,y,ik und Chemie, No. 1, 1882.-Determina
tion of temperature-changes in expansion and contraction of 
metal wire.s, and the medrnnical equivalent of heat, by H. 
Ha(!a.-Discussi,ms on the Fourier-I'oisson theory of heat-con
duction, by \V. Hergesell.-O,1 the rela•ion of the freezing-p::ii,it 
of salt-solutions to their laws of tension, by F. Kolaeck. - l{e
marks on Herr Wullner's note on the spectra of hydrogen and 
acetylene, by B. Hasselberg.-Fresnel's interference-phenomena 
treated theoretically and experimentally, by H. Struve.-On the 

application of the telephcme to cle:er;:niui.ig the resistance of 
galvanic elements and batteries, by E. Less.-On the ex.i,;tcnce 
of a dialectric polarisation in electro! ytes, by R. Colley. -0,. 
the differential pulley, by C. Bohn. -Theory of refraction on a 
geometrical basis, by A. Kerber.-On the electric resistance of 
gases, by E. Edlund.-Remarks on Herr F. Auerbach's second 
paper on magnetic reaction, by G. \\'iedemann.-On an apparatus 
for representing the phenomena of geysers, by the same.-On 
the Wheatstone bridge, by K. F. Slotte. 

Archives des Sciences Pltysiques et l\aturelles, January, 1882.
Experimental researches on the action of poirnns on molluscs, 
by E. Yung. -Memoir on the new registering barometer of the 

·Meteorological Observatory of Lausanne, by H. Dufourand H. 
Amstein.-The landslip'at Elm, by A. Heim.-Researches on 
the ethers of right tartaric acid, by A. l'ictet. 

Zeitschrift fur wissmschajtliche Zoologir, vol. xxxvi., part 3 
(December 30, 1881), contains :-Dr. G. Haller, on the structure 
vf the Sarc,ptidae (bird parasites- ·Dermaleichidae), plates 24 
and 25 -\V. Mau, on Sco!o,oios armigcr, O.F. M., being a con
tribution to a knowledge of the anatomy and hi,tology of the 
Annelids, plate 26 and 27.-Elias Metscbnikoff, comparative 
anatomy studies :-(1) Entoderm formation in the Geryonida,; 
(2) on some stages of the parasite of Cannarina, plate 28.
Dr. August Gruber, on Dimorpha mutans, a transition form 
(Mischform) between the Fhgellates and Helio20.1, plate 29,
Dr. August Gruber, a contribution to a know~edge of the 
Amreba, plate 30,-Prof. Herbst, the natural history of the 
badger.-l:'rof. A . .Biitschli, contribution to a knowledge of the 
skeleton of the RadiJ!arians, especially that of the Cyrtida,, 
plate 31-33. 

Rivista Scientifico-lndustriale, January 15.-On radiophony, 
by A, Volta.-Two specimens of tourmaline and beryl from 
Elba (with chromolithographs), and Elban microlilc, by A. 
Corsi.-Imects in winter, by P. Bargagli.-A mean., of facili
tating the preparation of some insects, by I'. Stefanelli. 

SOCIETIES AND ACADEMIES 
LONDON 

Royal Society, January 26.-" The Influence of Stress and 
Strain Oil the Action of Physical Forces." By He1bc1t Tomlm
son, D.A. Communicated by l'r0f. \\'. Grylls Adams, M.A., 
F,l{,S. Part IL Electrical Conductivity. (Abstract.) 

The temporary alteration of eledricai cmductivity which can 
be produced by longitudinal traction was measured for all the 
metal wires used in Part I., both in the bard-drawn and annealed 
condition, and, iu addition, for carbJn and nickel. 

The electrical resistances of all the substances whic.h were 
examined, were, with the ell<ception of nickel, incrca.,ed by tem
porary longitudinal stress. \Vith nickel, however, of whic.h 
metal a wire nearly chemically pure \vas at length mth difficulty 
procured (through the kindness of Messrs. Johnson, Matthey, 
and Co.), the resistance was found to dimi11i,!t under !Jngi
tudinal stress nc,t carried beyond a certain point; lmt after this 
point had been attained, further stress began to inccease the 
resistance. The effect on nickel appears still more remarkable 
when we reflect that the change of dimensions produced by the 
stress, JJamely, increase of length and diminutiJn of section, 
would incr-eas~ the re,istance. 

The specific resistances of all the su ·,stances, except nickel and 
aluminium, were increased by tempotary I ,ngitud1111l stress. 
With aluminium and nickel the specific resistances\\ ere dimi
nished by stress not carried beyond a certain lirn,t. 

One of the most remarkable features discernible in the results 
is the similarity of the order of the metaL t J 1 hat of the ocder of 
"rotational coefficients" of metal; recently i;iven by l'rof. Hall 
(NATURE, vol. xxiv. p. 46; abstract of a note read by Prof K 
IL Hall at the meeting of the British Associatim at Ycrk); 
indeed so striking is the relationship in the ca,c of the metals 
iron, zinc, ,alumini,1m, and nickel, that there WJnld app:ar tJ be 
llJ doubt that a series of exµcrime"rts made with a view of 
determining the effects of mechanical stcess r,ncl straln on the 
"rots.tional coefficients" would be of the gre1tcst value. 

Another point to be noticed is that the alteratiJn of the specific 
resistances of the all ,ys brass, platinu:n-siher, and German
silver, is much less than that. of t1e several cJnstituents o.' these 
alloys, and at frr,t sight there \\OuLl a;•pear to be some relatim 
between the alteratio1, of resistance caused by chmge of te_n
perature and tint due to mechanical str=; but it has been 
proved by these and other experi,lll:nh that the iucrea:,e of re
sistance cansed by rise of temp:ratuce is i.1 sJ:ne cases one 
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