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ITis fitting that before entering upon the 
business of the Section we should pause to 
take Of the losses which Our 

ment of science has recently sustained. 
The fame of Bertrand, apart from his offi- 
cial uosition as Secretarv of the French 
Academy of Sciences, was long ago univer- 
sally established by his classical treatise on 
the ' Infinitesimal Galculus ': i t  has been of 
late years sustained by the luminous expo- 
sition and searching oriticism of his books 
on the 'Theory of Probability7 and (Thermo- 
dynamics' and LElectricity.' The debt which 
we owe to that other veteran, G. Wiede-
mann, both on account of his own re- 
searches, which take us back to the modern 
revival of experimental physics, and for his 
great and indispensable thesaurus of the 
science of electricity, cannot easily be over- 
stated. By the death of Sophus Lie, follow- 
.ing soon after his return to a chair in his na- 
tive country Norway, we have lost one of 
the great constructive mathematicians of the 
century, who has in various directions fun- 
damentally expanded the methods and con-
ceptions of analysis by reverting to the 
fountain of direct geometrical intuition. In 
Italy the death of Beltrami has removed 
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an  investigator whose influence has been 
equally marked on the theories of tran-
scendental geometry and on the progress of 
mathematical physics. I n  our own country 
we have lost in D. E. Hughes one of the 
great scientific inventors of the age ; while 
we specially deplore the removal in his 
early prime, of one who has recently been 
well known a t  these meetings, Thomas 
Preston, whose experimental investigations 
on the relations between magnetism and 
light, combined with his great powers of 
lucid exposition, marked out for him a bril- 
liant future. 

Perhaps the most important event of gen- 
eral scientific interest during the past year 
has been the definite undertaking of the 
great task of the international coordina- 
tion of scientific literature ; and i t  may be 
in some measure in the prolonged confer- 
ences that were necessitated by that object 
that the recently announced international 
federation of scientific academies has had 
its origin. I n  the important task of ren- 
dering accessible the stores of scientific 
knowledge, the British Association, and in 
particular this Section of it, has played the 
part of pioneer. Our annual volumes have 
long been classical, through the splendid 
reports of progress of the different branches 
of knowledge that have been from time to 
time contributed to them by the foremost 
British men of science ; and our work in this 
direction has received the compliment of 
successful imitation by the sister Associa- 
tions on the Gontinent. 

The usual conferences connected with 
our department of scientific activity have 
been this year notably augmented by the 
very successful international congresses of 
mathematicians and of physicists which met 
a few weeks ago in Paris. The three vol- 
umes of reports on the progress of physical 
science during the last ten years, for which 
we are indebted to the initiative of the 
French Physical Society, will provide an  

admirable conspectus of the present trend 
of activity, and form a permanent record 
for the history of our subject. 

Another very powerful auxiliary to prog- 
ress is now being rapidly provided by the 
republication, in suitable form and within 
reasonable time, of the collected works of 
the masters of our science. We have quite 
recently received, in a large quarto volume, 
the mess of most importanf unpublished 
work that was left behind him by the late 
Professor J. C. Adams ; the zealous care of 
Professor Sampson has worked up into or- 
der the more purely astronomical part of 
the volume; while the great undertaking, 
spread over many years, of the complete 
determination of the secular change of the 
magnetic condition of the earth, for which 
the practical preparations had been set on 
foot by Gauss himself, has been prepared 
for the press by Professor W. G. Adams. 
By the publication of the first volume of 
Lord Rayleigh's papers a series of memoirs 
which have formed a main stimulus to the 
progress of mathematical physics in this 
country during the past twenty years has 
become generally accessible. The com-
pleted series will form a landmark for the 
end of the century that may be compared 
with Young's ' Lectures on Natural Philos- 
ophy' for its beginning. 

The recent reconstruction of the Univer- 
sity of London and the foundation of the 
University of Birmingham will, i t  is to be 
hoped, give greater freedom to the work 
of our University Colleges. The system 
of examinations has formed an admirable 
stimulus to the effective acquisition of that 
general knowledge which is a necessary 
part of all education. So long as the exam- 
iner recognizes that his function is a re- 
sponsible and influential one, which is to be 
taken seriously from the point of view of 
moulding the teaching in places where ex- 
ternal guidance is helpful, test by examina- 
tion will remain a most valuable means of 
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extending the area of higher education. 
Except for workers in rapidly progressive 
branches of technical science, a broad edu- 
cation seems better adapted to the purposes 
of life than special training over a narrow 
range ; and i t  is difficult to see how a reason- 
ably elastic examination test can be con- 
sidered as a hardship. But the case is 
changed when preparation for a specialized 
scientific profession, or mastery of the lines 
of attack in an unsolved problem, is the 
object. The general education has then 
been presumably finished ; in expanding 
departments of knowledge, variety rather 
than uniformity of training should be the 
aim, and the genius of a great teacher should 
be allowed free play without external tram- 
mels. It would appear that in this country 
we have recently been liable to unduly mix 
up two methods. We have been starting 
students on the special and lengthy, though 
very instructive, processes which are known 
as original research a t  an age when their 
time would be more profitably employed in 
rapidly acquiring a broad basis of knowl- 
edge. As a result, we have been extending 
the examination test from thegeneral knowl- 
edge to which i t  is admirably suited into 
the specialized activity which is best left to 
$he stimulus of personal interest. Informal 
contact with competent advisers, them-
selves imbued with the scientific spirit, who 
can point the way towards direct appreci- 
ation of the works of the masters of the 
science, is far more effective than detailed 
instruction a t  second hand, as regards grow- 
ing subjects that have not yet taken on an  
authoritative form of exposition. Fortu-
nately there seems to be now no lack of 
such teachers to meet the requirements of 
the technical colleges that are being estab- 
lished throughout the country. 

The famous treatise which opened the 
modern era by treating magnetism and 
electricity on a scientific basis appeared- just 
300 years ago. The author, William Gil- 

bert, M.D., of Colchester, passed from the 
Grammar School of his native town to St. 
John's College, Cambridge ;soon after tak- 
ing his first degree, in 1560, he became a 
Fellow of the College, and seems to have 
remained in residence, and taken part in its 
aEairs, for about ten years. All through his 
subsequent career, both a t  Colchester and 
afterwards a t  London, where he attained 
the highest position in his profession, he  
was an  exact and diligent explorer, first 
of chemical and then of magnetic and 
electric phenomena. I n  the words of the 
historian Hallam, writing in 1839, ' in ,his 
Latin t rea t i~e  on the 'Magnet,' he not only 
collected all the knowledge which others 
had possessed, but he became a t  once the 
father of experimental philosophy in this 
island'; and no demur would be raised if 
Hallam's restriction to this country were 
removed. Working nearly a century before 
the time when the astronomical discoveries 
of Newton had originated the idea of sttrac- 
tion a t  a distance, he established a complete 
formulation of the interaction of magnets 
by what we now call the exploration of 
their fields of force. His analysis of the 
facts of magnetic influence, and incidentally 
of the points in  which i t  differs from elec- 
tric influence, is virtually the one which 
Faraday reintroduced. A cardinal advance 
was achieved, at a time when the Coperni- 
can Astronomy had still largely to make its 
way by assigning the behavior of the com- 
pass and the dip needle to the fact that the 
earth itself is a great magnet,, by whose 
field of influence they are controlled. His 
book passed through many editions on the 
Continent within forty years; i t  won the 
high praise of mGalileo. Gilbert has been 
called ' the father of modern electricity ' by 
Priestley, and ' the Galileo of magnetism ' 
by Poggendorff. 

When the British Association last met at 
Bradford in 1873, the modern theory which 
largely reverts to Gilbert's way of formula- 
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tion, and refers electric and magnetic phe- 
nomena to the activity of the ather  instead 
of attractions a t  a distance, was of recent 
growth ; i t  had received its classical expo- 
sition only two years before by the publi- 
cation of Clerk Maxwell's treatise. The 
new doctrine was already widely received 
in England on its own independent merits. 
On the Continent i t  mas engaging the stren- 
uous attention of HeImholtz, whose series 
of memoirs, deeply probing the new ideas 
in  their relation to the prevalent and fairly 
successful theories of direct action across 
space, had begun to appear in 1870. Dur-
ing many years the search for crucial ex- 
periments that would go beyond the results 
equally explained by both views, met with 
small success; it was not until 1887 that 
Hertz, by the discovery of the athereal 
radiation of long wave-length emitted from 
electric oecillators, verified the hypothesis 
of Paraday and Maxwell and initiated a 
new era in the practical development of 
physical science. The experimental field 
thus opened up was soon fully occupied 
both in this country and abroad ; and the 
borderland between the sciences of optics 
and electricity is now being rapidly ex-
plored. The extension of experimental 
knowledge was simultaneous with increased 
attention to directness of explanation ; the 
expositions of Eeaviside and Hertz and 
other writers fixed attention in a man-
ner already briefly exemplified by Max- 
well himself, on the inherent simplicity of 
the completed ~ t h e r e a l  scheme, when once 
the theoretical scaffolding employed in its 
construction and dynamical consolidation 
is removed ; while Poynting's beautiful 
corollary specifying the path of the trans- 
mission of energy through the a ther  has 
brought the theory into simple relations 
with the applications of electrodynamics. 

Equally striking has been the great mas- 
tery obtained during the last twenty years 
over the practical manipulation of electric 

power. The installation of electric wires 
as  the nerves connecting different regions 
of the earth had attained the rank of ac-
complished fact so long ago as 1857, when 
the first Atlantic cable was laid. I t  mas 
la~gelythe theoretical and practical diffi-
culties, many of them unforeseen, encoun- 
tered in carrying that great undertaking to 
a successful issue, that necessitated the 
elaboration by Lord Kelvin and his coad- 
jutors, of convenient methods and instru- 
ments for the ex+ct measurement of electric 
quantities, and thus prepared the foundation 
for the more recent practical developments 
in other directions. On the other hand, the 
methods of theoretical explanation have 
been in turn improved and simplified 
through the new ways of considering the 
phenomena which have been evolved in the 
course of practical advances on a large 
scale, such as the improvement of dynamo 
armatures, the conception and utilization of 
magnetic circuits, and the transmission of 
power by alternating currents. I n  our time 
the relations of civilized life have been al- 
ready perhaps more profoundly altered than 
ever before, owing to the establishment of 
practically instantaneous electric communi- 
cation between all parts of the world. The 
employment of the same subtle agency is 
now rapidly superseding the artificia,l recip- 
rocating engines and other contrivances for 
the manipulation of mechanical power that  
were introduced with the employment of 
steam. The possibilities of transmitting 
power to great distances a t  enormous ten- 
sion, and therefore with very slight waste, 
along lines merely suspended in the air, are 
being practically realized ; and the advan- 
tages thence derived are increased many 
fold by the almost automatic manner in 
which the electric power can be transformed 
into mechanical rotation a t  the very point 
where it is desired to apply it. The energy is 
transmitted a t  such lightning speed that a t  
a given instant only an exceedingly minute 
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portion of i t  is in actual transit. When 
the tension of the alternations is high, the 
amount of electricity that has to oscillate 
backwards and forwards on the guiding 
wires is proportionately diminished, and 
the frictional waste reduced. At the ter- 
minals the direct transmission from one 
armature of the motor to the other, across 
the intervening empty space, a t  once takes 
us beyond the province of the pushing and 
rubbing contacts that are unavoidable in 
mechanical transmission ; while the perfect 
symmetry and reversibility of the arrange- 
ment by whioh power is delivered from a 
rotatory alternator at  one end, guided by the 
wires to another place many miles away, 
where i t  is absorbed by another alternator 
with precise reversal of the initial stages, 
makes this process of distribution of energy 
resemble the automatic operations of nature 
rather than the imperfect material connec- 
tions previously in use. We are here deal- 
ing primarily with the flawless continuous 
medium whioh is the transmitter of radiant 
energy across the celestial spaces ; the part 
played by the coarsely constituted material 
conductor is only that of a more or less im- 
perfect guide which directs the current of 
zethereal energy. The wonderful nature of 
this theoretically perfect, though of course 
practically only approximate, method of 
abolishing limitations of locality with re-
gard to mechanical power is not diminished 
by the circumstance that its principle must 
have been in some manner present to the 
mind of the first person who fully realized 
the character of the reversibility of a 
gramme armature. 

I n  theoretical knowledge a new domain, 
to which the theory as expounded twenty 
years ago had little to say, has recently 
been acquired through the experimental 
scrutiny of the electric discharge in rarefied 
gaseous media. The very varied electric 
phenomena of vacuum tubes, whose electro- 
ly tic character was first practically estab- 

lished by Schuster, have been largely re- 
duced to order through the employment of 
the high exhaustions introduced and first 
utilized by Crookes. Their study under 
these circumstances, in  which the material 
molecules are so sparsely distributed as but 
rarely to interfere with each other, has 
conduced to eniarged knowledge and veri- 
fication of the fundamental relations in 
which the individual molecules stand to all 
electric phenomena, culminating recently 
in the actual determination, by J. J. Thom-
son and others following in his track, of the 
masses and velocities of the particles that 
carry the electric discharge across the ex- 
hausted space. The recent investigations 
of the czircumstances of the electric dissoci- 
ation produced in the atmosphere and in 
other gases by ultra-violet light, the RGnt- 
gen radiation, and other agencies, constitute 
one of the most striking developments in 
experimental molecular physics since Gra- 
ham determined the molecular relations of 
gaseous diffusion and transpiration more 
than half a century ago. This advance in 
experimental knowledge of molecular phe- 
nomena, assisted by the discovery of the 
precise and rational effect of magnetism on 
the spectrum, has brought into prominence 
a modification or rather development of 
Maxwell's exposition of electric theory, 
which was dictated primarily by the re- 
quirements of the abstract theory itself; 
the atoms or ions are now definitely intro- 
duced as the carriers of those electric 
charges which interact across the aether, 
and so pr'oduce the electric fields whose 
transformations were the main subject of 
the original theory. 

W e  are thus inevitably led, in electric 
and zethereal theory, as  in the chemis-
try and dynamics of the gaseous state 
which is the department of abstract phys- 
ics next in order of simplicity, to the con- 
eideration of the individual molecules of 
matter. The theoretical problems which 
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had. come clearly into view a quarter of 
a century ago, under Maxwell's lead, 
whether in the exact dynamical relations 
of mthereal transmission or in the more for- 
tuitous domain of the statistics of interact- 
ing molecules, are those around which at- 
tention is still mainly concentrated; but as 
the result of the progress in each, they are 
now tending towards consolidation into one 
subject. I propose-leaving further review 
of the scientific aspect of the recent enor- 
mous development of the applications of 
physical science for hands more competent 
to deal with the practical side of that sub- 
ject-to offer some remarks on the scope 
and validity of this molecular order of ideas, 
to  which the trend of physical explanation 
and development is now setting in so pro- 
nounced a manner. 

If i t  is necessary to offer an apology for 
detaining the attention of the Section on so 
abstract a topic, I can plead its intrinsic 
philosophical imp6rbance. The hesitation 
so long felt on the Continent in ,regard to 
discarding the highly developed theories 
which analyzed all physical actions into di- 
rect attractions between the separate ele- 
ments of the bodies concerned, in favor of a 
new method in which our ideas are carried 
into regions deeper than the phenomena, 
has now given place to eager discussion of 
the potentialities of the new standpoint. 
There has even appeared a disposition to 
consider that the Newtonian dynamical 
principles, which have formed the basis of 
physical explanation for nearly two cen-
turies, must be replaced in these deeper 
subjects by a method of direct description 
of the mere course of phenomena, apart 
from any attempt to establish causal rela- 
tions; the initiation of this method being 
traced, like that of the Newtonian dynamics 
itself, to this country. The question has 
arisen as to how far $he new methods of 
athereal physics are to be considered as an 
independent departure, how far they form 

the natural development of existing dynam- 
ical science. I n  England, whence the inno- 
vation came, i t  is the more conservative 
position that has all along been occupied. 
Maxwell was himself trained in the school of 
physics established in this country by Sir 
George Stokes and Lord Kelvin, in which 
the dominating idea has been that of the 
strictly dynamical foundation of all phys- 
ical action. Although the pupil's imagina- 
tion bridged over dynamical chasms, across 
which the master was not always able to 
follow, yet the most striking feature of Max- 
well's scheme was still the dynamical frame- 
work into which i t  was built. The more 
advanced reformers have now thrown over- 
board the apparatus of potential functions 
which Maxwell found necessary for the dy- 
namical consolidation of his theory, retain- 
ing only the final result as a verified de- 
scriptive basis for the phenomena. I n  this 
way all difficulties relating to dynamical 
development and indeed consistency are 
avoided, but the question remains as to horn 
much is thereby lost. I n  practical electro- 
magnetics the transmission of power is 
now the most prominent phenomenon ; if 
formal dynamics is put aside in the general 
theory, its guidance must here be replaced 
by some more empirical and tentative 
method of describing the course of trans- 
mission and transformation of mechanical 
energy in the system. 

The direct recognition in some form, 
either explicitly or tacitly, of the part 
played by the ather  has become indispen- 
sable to the development and exposition of 
general physics ever since the discoveries of 
Hertz left no further room for doubt that this 
physical scheme of Maxwell was not merely 
a brilliant speculation, but constituted, in 
spite of outstanding gaps and difficulties, a 
real formulation of the underlying unity in 
physical dynamics. The domain of ab-
stract physics is in fact roughly divisible 
into two regionsi. I n  one of them we are 
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mainly concerned with interactions between 
one portion of matter and another portion 
occupying a different position in space ; 
such interactions have very uniform and 
comparatively simple relations; and the 
reason is traceable to the simple and uni- 
form constitution of the intervening me-
dium in which they have their seat. The 
other province is that in which the distri- 
bution of the material molecules comes into 
account. Setting aside the ordinary dy- 
namics of matter in bulk, which is founded 
on the uniformity of the properties of the 
bodies concerned and their experimental 
determination, we must assign to this re- 
gion all pheno'mena which a re  concerned 
with the uncoordinated motions of the 
molecules, including the range of thermal 
and in part of radiant actions; the only 
possible basis for detailed theory is the sta- 
tistical dynamics of the distribution of the 
molecules. The far more deep-seated and 
mysterious processes which are involved in 
changes in  the constitution of the individ- 
ual molecules themselves are mainly out- 
side the province of physics, which is com-
petent to reason only about permanent 
material systems ; they must be left to  the 
sciences of chemistry and physiology. Yet 
the chemist proclaims that he can deter-
mine only the results of his reactions and 
the physical conditions under which they 
occur ; the character of the bonds which 
hold atoms in their chemical combinations 
is at present unknown, although a large do- 
main of very precise knowledge relating, in 
some diagrammatic manner, to the topog- 
raphy of the more complex molecules has 
been attained. The vast structure which 
chemical science has in this way raised on 
the narrow foundation of the atomic theory 
is perhaps the most wonderful existing il-
lustration both of the rationality of natural 
processes and of the analytical powers of 
the human mind. I n  a word, the compli- 
cation of the material world is referable to 

the vast range of structure and of states of 
aggregation in the material atoms ; while 
the possibility of a science of physics is 
largely due to the simplicity of constitution 
of the universal medium through which the 
individual atoms interact on each other. 

The reference of the uniformity in the in- 
teractions a t  a distance between material 
bodies to the part played hy the ather  is a, 
step towards the elimination of extraneous 
and random hypotheses about laws of at- 
traction between atoms. I t  also places 
that medium on a different basis from mat- 
ter, in that its mode of activity is simple 
and regular, whereas intimate material in- 
teractions must be of illimitable complexity. 
This gives strong ground for the view that 
we should not be tempted towards explain- 
ing the simple group of relations which 
have been found to define the activity of 
the ather, by treating them as mechanical 
consequences of concealed structure in that 
medium ; we should rather rest satisfied 
with having attained to their exact dynam- 
ical correlation, just as geometry explores 
or correlates, without explaining, the de. 
scriptive and metric properties of space. 
On the other hand, a view is upheld which 
considers the pressures and thrusts of the 
engineer, and the strains and stresses in the 
material structures by which he transmits 
them from one place to another, to be the 
archetype of the processes by which all 
mechanical effect is transmitted in nature. 
This doctrine implies an expectation that 
we may ultimately discover something anal- 
ogolls to structure in the celestial spaces, 
by means of which the transmission of 
physical effect will be brought into line 
with the transmission of mechanical effec$ 
by material frame work. 

At a time when the only definitely ascer- 
tained function of the &her was the un- 
dulatory propagation of radiant energy 
across space, Lord Kelvin pointed out that, 
by reason of the very great velocity of prop- 



424 XCIENCE. [N. S. VOL. XII. NO.299. 

agation, the density of the radiant energy 
in the medium a t  any place must be ex- 
tremely small in comparison with the 
amount of energy that is transmitted in a 
second of time: this easily led him to the 
very striking conclusion that, on the hy- 
pothesis that the ether  is like material 
elastic media, i t  is not necessary to assume 
its density to be more than 10-'a of that of 
water, or its optical rigidity to be more 
than ten of that of steel or glass. Thus 
far the ather  would be merely an  impal- 
pable material atmosphere for the transfer- 
ence of energy by radiation, a t  extremely 
small densities but with very great speed, 
while ordinary matter would be the seat of 
practically all this energy. But this way 
of explaining the absence of sensible influ- 
ence of the sether on the phenomena of ma- 
terial dynamics lost much of its basis as 
soon as i t  was recognized that the same 
medium must be the receptacle of very high 
densities of energy in the electric fields 
around currents and magnets.* The other 
mode of explanation is to consider the ether  
to be of the very essence of all physical ac- 
tions, and to correlate the absence of ob- 
vious mechanical evidence of its interven- 
tion with its regularity and universality. 

On this plan of making the ether  the 
essential factor is the transformation of 
energy as well as its transmission across 
space, the material atom must be some 

*.We can here only allude to Lord ITelvin's recent 
most interesting mechanical illustrations of a solid 
ether interacting with material molecules and with 
itself by attraction a t  a distance : unlike the general- 
ized dynamical methods expounded in the text, 
which can leave the intimate structure of the material 
molecule outside the problem, a definite working 
constitution is there assigned to the molecular nu-
cleus. I t  is pointed out in a continuation that is to 
appear in the PhiEosopi~icalMagazine for September, 
that a density of ether of the order of only which 
would not appreciably affect the inertia of matter, 
would involve rigidity comparable with that of steel, 
and thus permit transmission of magnetic forces by 
stress ; this solid ether is, however, as usual, taken 
to be freely permeable to the molecules of matter. 

kind of permanent nucleus that retains 
around itself an ~ t h e r e a l  field of physical 
influence, such as, for example, a field of 
strain. We can recognize the atom only 
through its interactions with other atoms 
that are so far away from it as  to be prac- 
tically independent systems ; thus our di- 
rect knowledge of the atom will be con-
fined to this field of force which belongs to 
it. Just  as the exploration of the distant 
field of magnetic influence of a steel mag- 
net, itself concealed from view, cannot tell 
us anything about the magnet except the 
amount and direction of its moment, so a 
practically complete knowledge of the field 
of physical influence of an atom might be 
expressible in terms of the numerical values 
of a limited number of physical moments 
associated with it, without any revelation 
as to its essential structure or constitution 
being involved. This will a t  any rate be 
the case for ultimate atoms if, as is most 
likely, the distances a t  which they are kept 
apart are large compared with the diam- 
eters of the atomic nuclei ; i t  in fact forms 
our only chance for penetrating to definite 
dynamical views of molecular structure. 
So long as we cannot isolate a single mol- 
ecule, but must deal observationally with 
an innumerable distribution of them, even 
this kind of knowledge will be largely con- 
fined to average values. But the last half- 
century has witnessed the successful appli- 
cation of a new instrument of research, 
which has removed in various directions 
the limitations that had previously been 
placed on the knowledge to which i t  was 
possible for human effort to  look forward. 
The spectroscope has created a new as-
tronomy by revealing the constitutions and 
the unseen internal motions of the stars. 
I t s  power lies in the fact that it does take 
hold of the internal relaticns of the indi- 
vidual molecule of matter, and provides a 
very definite and detailed, though far from 
complete, analysis of the vibratory motions 
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that are going on in i t  ; these vibrations 
being in their normal state characteristic 
of its dynamical constitution, and in their 
deviations from the normal giving indi- 
cations of the velocity of its movement 
and the physical state of its environment. 
Maxwell long ago laid emphasis on the fact 
that a physical atomic theory is not com- 
petent even to contemplate the vast mass 
of potentialities and correlations of the 
past and the future, that biological theory 
has to consider as  latent in a single organic 
germ containing at most only a few million 
molecules. On our present view we can 
accept his position that the properties of 
such a body cannot be those of a, ' purely 
material system,' provided, however, we 
restrict this phrase to apply to physical 
properties as here defined. But an exhaust- 
ive discovery of the intimate nature of the 
atom is beyond the scope of physics ; ques-
tions as  to whether it must not necessarily 
involve in itself some image of the com-
plexity of the organic structures of which 
i t  can form a correlated part must remain 
a subject of speculation outside the domasin 
of that science. It might be held that 
this conception of discrete atoms and con- 
tinuous zether really stands, like those of 
space and time, in intimate relation with 
our modes of mental apprehension, into 
which any consistent picture of the external 
world must of necessity be fitted. I n  any 
case i t  would involve abandonment of all 
the successful traditions of our subject if 
we ceased to hold that our analysis can be 
formulated in a consistent and complete 
manner, so far as i t  goes, without being 
necessarily an exhaustive account of phe-
nomena that are beyond our range of ex- 
periment. Such phenomena may be more 
closely defined as those connected with the 
processes of intimate combination of the 
molecules : they include the activities of 
organic beings which all seem to depend on 
change of molecular structure. 

If, then, we have so small a hold on the 
intimate nature of matter, i t  will appear 
all the more strilcing that physicists have 
been able precisely to divine the mode of 
operation of the intangible zether, and t@ 
some extent explore in i t  the fields of phys- 
ical influence of the molecules. On con- 
sideration we recognize that this knowledge 
of fundamental physical interaction has 
been reached by a comparative proceps. 
The mechanism of the propagation of light 
could never have been studied in the free 
&her of space alone. I t  was possible, 
however, to determine the way in which 
the characteristics of optical propagation 
are modified, but not wholly transformed, 
when i t  takes place in a transparent ma-
terial body instead of empty space. The 
change in fact arises on account of the 
mther being entangled with the network of 
material molecules ; but inasmuch as the 
length of a single wave of radiation covers 
thousands of these molecules the wave-
motion still remains uniform and does not 
lose its general type. A wider variation of 
the experimental conditions has been pro- 
vided for our examination in the case of 
those substances in which the phenomenon 
of double refraction pointed to a change 
of the athereal properties which varied in 
different 'directions ; and minute study of 
this modification has proved sufficient to 
guide to a consistent appreciation of the 
nature of this change, and therefore of the 
mode of athereal propagation that is thus 
altered. I n  the same way, i t  was the 
study and development of the manner in 
which the laws of electric phenomena in 
material bodies had been unraveled by 
Amphe and Faraday, that guided Faraday 
himself and Maxwell-who were impressed 
with the view that the a ther  was a t  the 
bottom of i t  all-in their progress towards 
an  application of similar laws to ather  
devoid of matter, such as would complete 
a scheme of continuous action by consist- 
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ently interconnecting the material bodies 
and banishing all untraced interaction 
across empty space. Maxwell in fact chose 
to finally expound the theory by ascribing 
60 the ether  of free space a dielectric con- 
stant and a magnetic constant of the same 
type as had been found to express the prop- 
erties of material media, thus extending 
tho seat of the phenomena to all space on 
the plan of describing the activity of the 
ether  in terms of the ordinary electric 
ideas. The converse mode of develop-
ment, starting with the free ather  under 
the directly dynamical form which has 
been usual in physical optics, and intro- 
ducing the influence of the material atoms 
through the electric charges which are in- 
volved in their constitution,* was hardly 
employed by him; in  part, perhaps, be- 
cause, owing to the necessity of correlating 
his theory with existing electric knowledge 
and the mode of its expression, he seems 
never to have reached the stage of mould- 
ing i t  into a completely deductive form. 

The dynamics of the ather, in fact the 
recognition of the existence of an ether ,  
has thus, as  a matter of history, been 
reached through study of the dynamical 
phenomena of matter. When the dynamics 
of a material system is worked up to its 
purest and most general form, i t  becomes 
a formulation of the relations between the 
succession of the configurations and states 
of motion of the system, the assistance of 
a n  independen* idea of force not being 
usually required. We can, however, only 
attain such a compact statement when the 
system is self-contained, when its motion 
is not being dissipated by agencies of fric-

*In  1870 Maxwell, while admiring the breadth of 
the theory of Weber, which is virtually based on 
atomic charges combined with action a t  a distance, 
still regarded i t  as irreconcilable with his own theory, 
and left to the future the question as to why ' theories 
apparently so fundamentally opposed should have so 
large a field of truth common to both.'-Scientific 
Papers, IT., p. 228. 

tional type, and when its connections can 
be directly specified by purely geometrical 
relations between the co-ordinates, thus 
excluding such mechanisms as rolling con- 
tacts. The course of the system is then 
in all cases determined by some form or 
other of a single fundamental property, 
that any alteration in any small portion of 
its actual course must produce an  increase 
in the total 'Action ' of the motion. I t  is to  
be observed that in employing this law of 
minimum as regards the Action expressed 
as an integral over the whole time of the 
motion, we no more introduce the future 
course as  a determining influence on the 
present state of motion than we do in 
drawing a straight line from any point in 
any direction, alt'hough the length of the 
line is the minimum d i s t anc~  between its 
ends. I n  drawing the line piece by piece 
we have to make tentative excursions into 
the immediate future in order to adjust 
each element into straightness with the 
previous element ; so in tracing the next 
stage of the motion of a material system 
we have similarly to secure that i t  is not 
given any such directions as  would unduly 
increase the Action. But whatever views 
may be held as to the ultimate significance 
of this principle of action, its importance, 
not only for mathematical analysis, but as  
a guide to physical exploration, remains 
fundamental. When the principles of the 
dynamics of material systems are refined 
down to their ultimate common basis, this 
principle of minimum is what remains. 
Hertz preferred to express its contents in  
the form of a principle of straightness of 
course or path. I t  will be recognized, on 
the lines already indicated, that  this is 
another mode of statement of the same 
fundamental idea ; and the general equiva- 
lence is worked out by Hertz on the basis 
of Hamilton's development of the prin-
ciples of dynamics. The latter mode of 
statement may be adaptable so as  to avoid 
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the limitations which restrict the connec- 
tions of the system, a t  the expense, how- 
ever, of introducing new variables ; if, in- 
deed, it does not introduce gratuitous com- 
plexity for purposes of physics to attempt 
to do this. However these questions may 
stand, this principle of straightness or di- 
rectness of path forms, whenever i t  applies, 
the most general and comprehensive for- 
mulation of purely dynamical action : i t  
involves in itself the complete course of 
events. I n  so far as we are given the alge- 
braic formula for the time-integral which 
constitutes the Action, expressed in terms 
of any suitable coordinates, we know im- 
plicitly the whole dynamical constitution 
and history of the system to which it ap-
plies. Two systems in which the Action is 
expressed by the same formula are mathe- 
matically identical, are physically precisely 
correlated, so that they have all dynamical 
properties in common. When the struc-
ture of a dynamical system is largely con- 
cealed from view, the safest and most direct 
way towards an exploration of its essential 
relations and connections, and in fact to- 
wards answering the prior question as to 
whether i t  is a purely dynamical system a t  
all, is through this order of ideas. The 
ultimate tdst that a system is a dynamical 
one is not that we shall be able to trace 
mechanical stresses throughout it, but that 
its relations can be in some way or other 
consolidated into accordance with this prin- 
ciple of minimum Action. This definition 
of a dynamical system in terms of the 
simple principle of directness of path may 
conceivably be subject to objection as too 
wide ; i t  is certainly not too narrow ; and 
i t  is the conception which has naturally 
been evolved from two centuries of study 
of the dynamics of material bodies. I t s  
very great generality may lead to the ob- 
jection that we might completely formulate 
the future course of a system in its terms, 
without having obtained a working famili- 

arity with its details of the kind to which 
we have become accustomed in the analysis 
of simple material systems ; but our choice 
is a t  present between this kind of formu- 
lation, which is a real and essential one, 
and an empirical description of the course 
of phenomena combined with explanations 
relating to more or less isolated groups. 
The list of great names, including Kelvin, 
Maxwell, Helmholtz, that have been asso- 
ciated with the employment of the prin- 
ciple for the elucidation of the relations of 
deep-seated dynamical phenomena, is a 
strong guarantee that we shall do well by 
making the most of this clue, 

Are we then justified in treating the ma- 
terial molecule, so far as revealed by the 
spectroscope, as  a dynamical system com- 
ing under this specification ? I t s  intrinsic 
energy is certainly permanent and not sub- 
ject to dissipation ; otherwise the molecule 
would gradually fade out of existence. The 
extreme precision and regularity of detail 
in  the spectrum shows that the vibrations 
which produce i t  are exactly synchronous 
whatever be their amplitude, and in so far 
resemble the vibrations of small amplitude 
in material systems. As all indications 
point to the molecule being a system in a 
state of intrinsic motion, like a vortex ring, 
or a stellar system in astronomy, we must 
consider these radiating vibrations to take 
place around a steady state of motion 
which does not itself radiate, not around a 
state of rest. Now not tlie least of the 
advantages possessed by the Action prin- 
ciple, as a foundation for theoretical phys- 
ics, is the fact that its statement can be 
ada,pted to systems involving in their con- 
stitution permanent steady motions of this 
kind, in such a way that only the variable 
motions superposed on them come into con- 
sideration. The possibilities as  regards 
physical correlation of thus introducing 
permanent motional states as well as per- 
manent structure into the constitution of 
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our dynamical systems h v e  long been em- 
phasized by Lord Kelvin ;* the effective 
adaptation of abstract dynamics to such 
systems was made independently by Kelvin 
and Routh about 1877 ; the more recent 
exposition of the theory by Helmholtz has 
directed general attention to what is un- 
doubtedly the most significant extension of 
dynamical analysis which has taken place 
since the time of Lagrange. 

Beturning to the molecules, i t  is now 
verified that the Action principle forms a 
valid foundation throughout electrodynam- 
ics and optics; the introduction of the 
ather  into the system has not affected its 
application. I t  is therefore a reasonable 
hypothesis that the principle forms an al- 
lowable foundation for the dynamical analy- 
sis of the radiant vibrations in the system 
formed by a single molecule and surround- 
ing a the r ;  and the knowledge which is 
now accumulating, both of the orderly 
grouping of the lines of the spectrum and 
of the modifications impressed on these 
lines by a magnetic field or by the density 
of the matter immediately surrounding the 
vibrating molecule, can hardly fail to be 
fruitful for the dynamical analysis of its 
constitution. But let i t  be repeated that 
this analysis would be complete when a 
formula for the dynamical energy of the 
molecule is obtained, and would go 110 

deeper. Starting from our definitely lim- 
ited definition of the nature of a dynamical 
system, the problem is merely to correlate 
the observed relations of the periods of 
vibration in a molecule, when i t  has come 
into a steady state as  regards constitution 
and is not under the influence of intimate 
encounter with other molecules. 

I t  may be recalled incidentally that the 
generalized Maxwell-Boltztnann principle 

* For a classical exposition see his Brit. Assoc. Ad-
dress of 1884 on ' Steps towards a Kinetic Theory of 
Mahter,' reprinted in 'Popular Lectures and Ad- 
dresses,' vol i. 

of the equable distribution of the acquired 
store of kinetic energy of the molecule, 
among its various possible independent 
types of motion, is based directly on the 
validity of the Action principle for its dy- 
namics. I n  the demonstrations usually 
offered the molecule is considered to have 
no permanent or constitutive energy of in- 
ternal motion. It can, however, be shown, 
by use of the generalization aforesaid of 
the Action principle, that no discrepancy 
will arise on that account. Such intrinsic 
kinetic energy virtually adds on to the po- 
tential energy of the system; and the re- 
maining or acquired part of the kinetic 
energy of the molecule may be made the sub- 
ject of the same train of reasoning as before. 

Let us now return to the general ques- 
tion whether our definition of a dynamical 
system may not be too wide. As a case in 
point, the single principle of Action has 
been shown to provide a definite and suffi- 
cient basis for electrodynamics ; yet when, 
for example, one armature of an electric 
motor pulls the other after i t  without ma-
terial contact, and so transmits mechanical 
power, no connection between them is in- 
dicated by the principle such as could by 
virtue of internal stress transmit the pull. 
The essential feature of the transmission of 
a pull by stress across a medium is that 
each element of volume of the medium 
acts by itself, independently of the other 
elements. The stress excited in any ele- 
ment depends on the strain or other 
displacement occurring in that element 
alone; and the mechanical effect that is 
transmitted is considered as an  extraneous 
force applied a t  one place in the medium, 
and passed on from element to element 
through these internal pressures and trac- 
tions until i t  reaches another place. We 
have, however, to consider two atomic elec- 
tric charges as being themselves some Bind 
of strain configurations in the &her ; each 
of them already involves an atmosphere of 
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strain in the surrounding s the r  which is 
part of its essence, and cannot be con-
sidered apart from i t  ; each of them essen- 
tially pervades the entire space, though on 
account of its invariable character we con- 
sider i t  as  a unit. Thus we appear to be 
debarred from imaginiGg the zether to act 
as  an elastic connection which is merely 
the agent of transmission of a pull from 
the one nucleus to the other, because there 
are already stresses belonging to and con- 
stituting an intrinsic part of the terminal 
electrons, which are distributed all along 
the medium. Our action criterion of a dy- 
namical system, in fact, allows us to reason 
about an electron as a single thing, not- 
withstanding that its field of energy is 
spread over the whole medium ; i t  is only 
in material solid bodies, and in problems 
in which the actual sphere of physical ac- 
tion of the molecule is small compared 
with the smallest element of volume that 
our analysis considers, that the familiar 
idea of transmission of force by simple 
stress can apply. Whatever view may 
ultimately command itself, this question is 
one that urgently demands decision. A 
very large amount of effort has been ex-
pended by Maxwell, Helmholtz, Heaviside, 
Hertz and other authorities in the attempt 
to express the mechanical phenomena of 
electrical action in terms of a transmitting 
stress. The analytical results up to a cer- 
tain point have been promising, most strik- 
ingly so a t  the beginning, when Maxwell 
established the mathematical validity of 
the way in which Faraday was accustomed 
to represent to himself the mechanical in- 
teractions across space, in terms of a ten- 
sion along the lines of force equilibrated by 
an  equal pressure preventing their expan- 
sion sideways. According to the views 
here developed, that ideal is an impossible 
one ; if this could be established to general 
satisfaction the field of theoretical discus- 
sion would be much simplified. 

This view that the atom of matter is, so 
far as reggrds physical actions, of the na- 
ture of a structure in the ather  involving 
an atmosphere of athereal strain all around 
it, not a small body which exerts direct 
actions a t  a distance on other atoms accord- 
ing to extraneous laws of force, was practi- 
cally foreign to the eighteenth century, 
when mathematical physics was modelled 
on the Newtonian astronomy and domi- 
nated by its splendid success. The scheme 
of material dynamics, as  finally compactly 
systematized by Lagrange, had therefore no 
direct relation to such a view, although i t  
has proved wide enough to include it. The 
remark has often been made that i t  is prob- 
ably owing to Faraday's mathematical 
instinct, combined with his want of ac-
quaintance with the existing analysis, that 
the modern theory of the ather  obtained a 
start from the electric side. Through his 
teaching and the weight of his authority, 
the notion of two electric currents exerting 
their mutual forces by means of an inter- 
vening medium, instead of by direct at- 
traction across space, was a t  an  early period 
firmly grasped in this country. I n  1845 
Lord Kelvin was already mathematically 
formulating, with most suggestive success, 
continuous elastic connections, by whose 
strain the fields of activity of electric cur- 
rents or.  of electric distributions could be 
illustrated ; while the exposition of Max- 
well's interconnected scheme, in the earlier 
form in which i t  relied on concrete models 
of the electric action, goes back almost to 
1860. Corresponding to the two physical 
ideals of isolated atoms exerting attraction 
a t  a distance, and atoms operating by atmos- 
pheres of athereal strain, there are, a s  
already indicated, two different develop-
ments of dynamical theory. The original 
Newtonian equations of motion determined 
the course of a system by expressing the 
rates a t  which the velocity of each of its 
small parts or elements is changing. This 



method is still fully applicable to those 
problems of gravitational astronomy in 
which dynamical explanation was first suc- 
cessful on a grand scale, the planets being 
treated as point-masses, each subject to the 
gravitational attraction of the other bodies. 
But the more recent development of the 
dynamics of complex systems depends on 
the fact that analysis has been able to re- 
duce within manageable limits the number 
of varying quantities whose course is to be 
explicitly traced, through taking advantage 
of those internal relations of the parts of 
the system that are invariable, either 
geometrically or dynamically. Thus, to 
take the simplest case, the dynamics of a 
solid body can be confined to a discussion 
of its three components of translation and 
its three components of rotation, instead of 
the motion of each element of its mass. 
With the number of independent co-ordi-
nates thus diminished when the initial 
state of the motion is specified the suhse- 
quent course of the complete system can be 
traced; but the course of the changes in 
any part of i t  can only be treated in relation 
to the motion of the system as a whole. 
I t  is just this mode of treatmant of a sys-
tem as a whole that is the main character- 
istic of modern physical analysis. The way 
in which Maxwell analyzed the interactions 
of a system of linear electric currents, 
previously treated as if each were:made up 
of small independent pieces or elements, 
and accumulated the evidence that they 
formed a single dynamical systhm, is a 
trenchant example. The interactions of 
vortices in fluid form a very similar prob- 
lem, which is of special note in  that the 
constitution of the system is there com-
pletely known in advance, so that the two 
modes of dynamical exposition can be com- 
pared. I n  this case the older method 
forms independent equations for the mo- 
tion of each material element of the fluid, 
and so requires the introduction of the 
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stress-here the fluid pressure-by which 
dynamical effect is passed on to it from the 
surrounding elements : i t  corresponds to a 
method of contact action. But Helmholtz 
opened up new ground in the abstract dy- 
namics of continu?us media when he  recog- 
nized (after Stokes) that, if the distribu- 
tion of the velocity of spin a t  those plaoes 
in the fluid where the motion is vortical be 
assigned, the motion in every part of the 
fluid is therein kinematically involved. 
This, combined with the theorem of La-
grange and Cauchy, that the spin is always 
confined to the same portions of the fluid, 
formed a starting-point for his theory of 
vortices, which showed how the subsequent 
course of the motion can be ascertained 
without consideration of pressure or other 
stress. 

The recognition of the permanent state of 
motion constituting a vortex ring as a de- 
termining agent as regards the future course 
of the system was in fact justly considered 
by Helmholtz as one of his greatest achieve- 
ments. The principle had entirely eluded 
the attention of Lagrange and Cauchy and 
Stokes, who were the pioneers in this fun- 
damental branch of dynamics, and had 
virtually prepared all the necessary ana-
lytical material for Helmholtz's use. The 
main import of this advance lay, not in the 
assistance which is afforded to the develop- 
ment of the complete solution of special 
problems in fluid motion, but in the fact 
that  i t  constituted the discovery of the 
types of permanent motion of the system, 
which could combine and interact with each 
other without losing their individuality,* 
though each of them pervaded the whole 
field. This rendered possible an  entirely 
new mode of treatment ; and mathema- 
ticians who were accustomed7 as in as-
tronomy, to aim directly a t  the determina- 

Q We may compare G. W. Hill's more recent in-
Groduction of the idea of permanent orbits into phys- 
ioal astronomy. 
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tion of all the details of the special case of 
motion, were occasionally slow to appre-
hend the advantages of a procedure which 
stopped a t  formulating a description of the 
nature of the interaction between various 
typical groups of motions into which the 
whole disturbance could be resolved. 

The new train of ideas introduced into 
physics by Faraday was thus consolidated 
and emphasized by Helmholtz~s investi- 
gations of 1858 in the special domain of 
hydrodynamics. I n  illustration let us con- 
sider the fluid medium to be pervaded by 
permanent vortices circulating round solid 
rings as cores ; the older method of analysis 
would form equations of motion for each 
element of the fluid, involving the fluid 
pressure, and by their integration would 
determine the distribution of pressure on 
each solid ring, and thence the way i t  
moves. This method is hardly feasible 
even in the simplest cases. The natural 
plan is t o  make use of existing simplifica- 
tions by regarding each. vortex as a perma-
nent reality, and directly attacking the 
problem of its interactions with the other 
vortices. The energy of the fluid arising 
from the vortex motion can be expressed in 
terms of the positions and strengths of the 
vortices alone; and then the principle of 
Action, in the generalized form which in- 
cludes steady motional configurations as  
well as constant material configurations, 
affords a method of deducing the motions 
of the cores and the interactions between 
them. If the cores are thin they in fact 
interact mechanically, as  Lord Kelvin and 
Kirchhoff proved, in the same manner as 
linear electric currents would do ; though 
the impulse thence derived towards a direct 
hydro-kinetic explanation of electro-mag- 
netics was damped by the fact that repul- 
sion and attraction have to be interchanged 
in the analogy. The conception of vortices, 
once i t  has been arrived at, forms the 
natural physical basis of investigation, al-

though the older method of determining a 
distribution of pressure'-stress throughout 
the fluid and examining how i t  affects the 
cores is still possible ; that stress, however, 
is not simply transmitted, as  i t  has to main- 
tain the changes of velocity of the various 
portions of the fluid.' But if the vortices 
have no solid cores we are a t  a loss to know 
where even this pressure can be considered 
as applied to them; if we follow up the 
stress, we lose the vortex ; yet a fluid vor- 
tex can nevertheless illustrate an  atom of 
matter, and we can consider such atoms as 
exerting mutual forces, only these forces 
cannot be considered as transmitted 
through the agency of fluid pressure. The 
reason is that the vortex cannot now be 
identified with a mere core bounded by a 
definite surface, but is essentially a config- 
uration of motion extending throughout 
the medium. 

Thus we are again in  face of the funda- 
mental question whether all attempts to 
represent the mechanical interactions of 
electro-dynamic systems, as transmitted 
from point to point by means of simple 
stress, are not doomed to failure ; whether 
they do not, in fact, introduce unnecessary 
and insurmountable difficulty into the 
theory. The idea of identifying an atom 
with a state of strain or motion, pervading 
the region of the ather  around its nucleus, 
appears to demand wider views as to what 
oonstitutes dynamical transmission. The 
idea that any small portion of the primor- 
dial'medium can be isolated, by merely in- 
troducing tractions acting over its surface 
and transmitted from the surrounding parts, 
is no longer appropriate or consistent; a 
part of the dynamical disturbance in that 
element of the medium is on this hypothe- 
sis already classified as  belonging to, and 
carried along with, atoms that are outside 
it but in its neighborhood-and this part 
must not be counted twice over. The law 
of Poynting relating to the paths of the 
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transmission of energy is known to hold in 
its simple form only when the electric 
charges or currents are in a steady state; 
when they are changing their positions or 
configurations their own fields of intrinsic 
energy are carried along with them. 

It is not surprising, considering the pre- 
vious British familiarity with this order of 
ideas, that the significance for general phys- 
ics of Helmholtz's doctrine of vortices was 
eagerly developed in this country, in the 
form in which i t  became embodied through 
Lord Kelvin's famous illustration of the 
constitution of the matter, as consisting of 
atoms with separate existence and mutual 
interactions. This vortex atom theory has . 
been a main source of physical suggestion 
because i t  presents, on a simple basis, a 
dynamical picture of a n  ideal material sys- 
tem, atomically constituted, which could go 
on automatically without extraneous sup- 
port. The value of such a picture may 
be held to lie, not in any supposition that 
this is the mechanism of the actual world 
laid bare, but in the vivid illustration i t  
affords of the fundamental postulate of 
physical science, that mechanical phenom- 
en% are not parts of a scheme too involved 
for us to explore, but rather present them- 
selves in definite and consistent correlations, 
which we are able to disentangle and appre- 
hend with continuously increasing precision. 

I t  would be a n  interesting question to 
trace the origin of our preference for s 
theory of transmission of physical action 
over one of direct action a t  a distance. I t  
may be held that i t  rests on the same order 
of ideas as supplies our conception of force ; 
that the notion of effort which we associate 
with change of the motion of a body in- 
volves the idea of a mechanical connection 
through which that effort is applied. The 
mere idea of a transmitting medium would 
then be no more an ultimate foundation for 
physical explanation than that of force 
itself. Our choice between direct distance 

action and mediate transmission would 
thus be dictated by the relative simplicity 
and coherence of the accounts they give of 
the phenomena: this is, in fact, the basis 
on which Maxwell's theory had to be judged 
until Hertz detected the actual working of 
the medium. Instantaneous transmission 
is to all intents action a t  a distance, except 
in so far as  the law of action may be more 
easily formulated in terms of the medium 
than in a direct geometrical statement. 

I n  connection with these questions i t  may 
be permitted to refer to the eloquent and 
weighty address recently delivered by M. 
Poincar6 to the International Congress of 
Physics. M. Poincar6 accepts the principle 
of Least Action as a reliable basis for the 
formulation of physical theory, but he im- 
poses the condition that the results must 
satisfy the Newtonian law of equality of 
action and reaction between each pair of 
bodies concerned, considered by themselves; 
this, however, he would allow to be satisfied 
indirectly, if the effects could be traced 
across the intervening s the r  by stress, so 
that the tractions on the two sides of each 
ideal interface are equal and opposite." As 
above argued, this view appears to exclude 
ab initio all atomic theories of the general 
type of vortex atoms, in which the energy 
of the atom is distributed throughout the 
medium instead of being concentrated in a 
nucleus; and this remark seems to go to 
the root of the question. On the other 
hand, the position here asserted is that re- 
cent dynamical developments have permit- 
ted the extension of the principle of Action 
to systems involving permanent motions, 
whether obvious or latent, as part of their 
constitution; that on this wider basis the 

* Cf. also Hertz on the electro-magnetic equations, 
8 12, Wied. Ann., 1890. The problem of merely re- 
placing a system of forces by a statical stress is widely 
indeterminate, and therefore by itself unreal ; the 
actual question is whether any such representation 
can be coordinated with existing dynamics. 
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atom may itself involve a state of steady 
disturbance extending through the medium, 
instead of being only a local structure act- 
ing by push and pull. The possibilities of 
dynamical explanation are thus enlarged. 
The most definite type of model yet imag- 
ined of the physical interaction of atoms 
through the s the r  is, perhaps, that which 
takes the s the r  to be a rotationally elastic 
medium after the manner of MacCullagh 
and Rankine, and makes the ultimate atom 
include the nucleus of a permanent ro-
tational strain-configuration, which as a 
whole may be called an electron. The 
question how far this is a legitimate and 
effective model stands by itself, apart from 
the dynamics which i t  illustrates; like all 
representations i t  can only cover a limited 
ground. For instance, i t  cannot claim to 
include the internal structure of the nucleus 
of an atom or even of an electron ; for pur- 
poses of physical theory that problem can 
be put aside, i t  may even be treat,ed as in- 
scrutable. All that is needed is a postulate 
of free mobility of this nucleus through the 
ather. This is definitely hypothetical, but 
i t  is not a n  unreasonable postulate because 
a rotational s the r  has the properties of a 
perfect fluid medium except where differen- 
tially rotational motions are concerned, and 
so would not react on the motion of any 
structure moving through it except after 
the manner of an  apparent change of iner- 
tia. It thus seems possible to hold that 
such a model forms an allowable represen- 
tation of the dynamical activity of the 
s ther ,  as  distinguished from the complete 
constitution of the material nuclei between 
which that medium establishes connection. 

At any rate, models of this nature have 
certainly been most helpful in Maxwell's 
hands toward the effective intuitive grasp 
of a scheme of relations as  a whole, which 
might have proved too complex for abstract 
unravelment in detail. When a physical 
model of concealed dynamical processes has 

served this kind of purpose, when its con 
tent has been explored and estimated, and 
has become familiar through the introduc- 
tion of new terms and ideas, then the lad- 
der by which we have ascended may be 
kicked away, and the scheme of relations 
which the model embodied can stand forth 
in severely abstract form. Indeed many 
of the most fruitful branches of abstract, 
mathematical analysis itself have owed 
their start in this way to concrete pbysical 
conceptions. This gradual transition into 
abstract statement of physical relations 
in fact amounts to retaining the essen-
tials of our working models while eliminat- 
ing the accidental elements involved in 
them ; elements of the latter kind must 
always be present because otherwise the 
model would be identical with the thing 
which i t  represents, whereas we cannot 
expect to mentally grasp all aspects of the 
content of even the simplest phenomena. 
Yet the abstract standpoint is always at-
tained through the concrete ; and for pur- 
poses of instruction such models, properly 
guarded, do not perhaps ever lose their 
value; they are just as legitimate aids as  
geometrical diagrams, and *hey have the 
same kind of limitations. I n  Maxwell's 
words, (for the sake of persons of these 
different types scientific truth should be 
presented in different forms, and should be 
regarded as equally scientific whether i t  
appear in the robust form and the vivid 
coloring of a physical illustration, or in the 
tenuity and paleness of a symbolical ex-
pression.' The other side of the picture, 
the necessary incompleteness of even onr 
legitimate images and modes of representa- 
tion, comes out in the despairing opinion of 
Young ('Chromatics,' 1817), a t  a time 
when his faith in the undulatory theory of 
light had been eclipsed by llalus's dis-
covery of the phenomena of polarization 
by reflection, that this difficulty 'will 
probably long remain, to mortify the van- 
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i ty  of an ambitious philosophy, completely 
unresolved by any theory' : not many 
years afterwards the mystery was solved by 
Fresnel. 

This process of removing the intellectual 
scaffolding by which our knowledge is 
reached, and preserving only the final 
formula which express the correlations 
of the directly observable things, may 
moreover readily be pushed too far. I t  
asserts the conception that the universe 
is like an  enclosed clock that i t  wound 
up to go, and that accordingly we can ob- 
serve that i t  is going, and can see some 
of its more superficial movements, but not 
much of them ; that thus, by patient obser- 
vation and use of analogy, we can compile7 
in merely tabular form, information as to 
the manner in which i t  works and is likely 
to go on working, a t  any rate for some time 
to come; but that any attempt to probe 
the underlying connection is illusory or il- 
legitimate. As a theoretical precept this 
is admirable. It minimizes the danger of 
our ignoring or forgetting the limitations of 
human faculty, which can only utilize the 
imperfect representations that the external 
world impresses on our senses. On the 
other hand such a reminder has rarely been 
required by the master minds of modern 
science, from Descartes and Newton on-
wards, whatever their theories may have 
been. I t s  danger as a dogma lies in its ap- 
plication. Who is to decide without risk 
of error, what is essential fact and what is 
intellectual scaffolding ? To which class 
does the atomic theory of matter belong? 
That is, indeed, one of the intangible things 
which i t  is suggested may be thrown over- 
board, in sorting out and classifying our 
scientific possessions. I s  the mental idea 
or image, which suggests, and alone can 
suggest, the experiment that adds to our 
concrete knowledge, less real than the bare 
phenomenal uniformity which i t  has re- 
vealed ? I s  it not, perhaps, more real in 

that the uniformities might not have been 
there in the absence of the mind to perceive 
them ? 

No time is now left for review of the 
methods of molecular dynamics. Here our 
knowledge is entirely confined to steady 
states of the molecular system : i t  is purely 
statical. I n  ordinary statics and the dy- 
namics of undisturbed steady motions, the 
form of the energy function is the suf- 
ficient basis of the whole subject. This 
method is extended to thermo-dynamics by 
making use of the mechanically available 
energy of Rankine and Kelvin, which is a 
function of the bodily configuration and 
chemical constitution and temperature of 
the system, whose value cannot under any 
circumstances spontaneously increase, while 
it will diminish in any operation which 
is not reversible. I n  the statics of sys-
tems in equilibrium or in steady motion, this 
method of energy is a particular case of 
the method of Action ; but in its extension 
to thermal statics i t  is made to include 
chemical as  well as configurational changes, 
and a new point appears to arise. Whether 
we do or do not take i t  to be possible to 
trace the application of the principle of 
Action throughout the process of chemical 
combination of two molecules, we certainly 
here postulate that the static case of that 
principle, which applies to steady systems, 
can be extended across chemical combina- 
tions. The question is suggested whether 
extension would also be valid to trans- 
formations which involve vital processes. 
This seems to be still considered an open 
question by the best authorities. If i t  be 
decided in the negative a distinction is in- 
volved between vital and merely chemical 
processes. 

I t  is now taken as established that vital 
activity cannot creata energy, a t  any rate 
in the long run which is all that can from 
the nature of the case to be tested. I t  
seems not unreasonable to follow the anal- 
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ogy of chemical actions, and assert that it 
cannot in the long run increase the mechan- 
ical availability of energy-that is, con-
sidering the organism as an  apparatus for 
transforming energy without being itself in 
the long run changed. But we cannot es- 
tablish a Carnot cycle for a portion of an 
organism, nor can we do so for a limited 
period of time ; there might be creation of 
availability accompanied by changes in the 
organism itself, but compensated by de- 
struction and the inverse changes a long 
time afterwards. This amounts to assert- 
ing that where, a s  in a vital system or 
even in a simple molecular combination, 
we are unable to trace or even assert com-
plete dynamical sequence, exact thermody- 
namic statements should be mainly confined 
to the activity of the existipg organism as 
a whole; i t  may transform inorganic ma-
terial without change of energy and with- 
out gain of availability, although any such 
statements would be inappropriate and un- 
meaning as regards the details of the proc- 
esses that take place inside the organism 
itself. 

I n  any case i t  would appear that there is 
small chance of reducing these questions 
to direct dynamics; we should rather re-
gard Carnot's principle, which includes the 
law of uniformity of temperature and is 
the basis of the whole theory, as a property 
of statistical type confined to stable or per- 
manent aggregations of matter. Thus no 
dynamical proof from molecular considera- 
tions could be regarded as valid unless i t  
explicitly restricted the argument to per- 
manent systems; yet the conditions of 
permanency are unknown except in the 
simpler cases. The only mode of discus- 
sion that is yet possible is the method 
of dynamical scatistics of molecules intro- 
duced by Maxwell. Now statistics is a 
method of arrangement rather than of de- 
monstration. Every statistical argument 
requires to be verified by comparison with 

the facts, because i t  is of the essence of 
this method to take things as fortuitously 
distributed except in so far as we know the 
contrary; and we simply may not know 
essential facts to the contrary. For ex-
ample, if the interaction of the ather  or 
other cause produces no influence to the 
contrary, the presumption would be that 
the kinetic energy acquired by a molecule 
is, on the average, equally distributed among 
its various independent modes of motion, 
whether vibrational or translational. As-
suming this type of distribution to be once 
established in a gaseous system, the dy- 
namics of Boltzmann and Maxwell show 
that i t  must be permanent. But its as-
sumption in the first instance is a result 
rather of the absence than of the presence 
of knowledge of the circumstances, and 
can be accepted only so far as i t  agrees with 
the facts; our knowledge of the facts of 
specific heat shows that i t  must be re-
stricted to modes of motion that are homol- 
ogous. I n  the words of Maxwell, when 
he first discovered in 1860, to his great 
surprise, that in a system of colliding rigid 
atoms the energy would always be equally 
divided between translatory and rotatory 
motion, i t  is only necessary to assume, in* 
order to evade this unwelcome conclusion, 
that ' something essential to the complete 
statement of the physical theory of mo-
lecular encounters must have hitherto es- 
,taped us.' 

Our survey thus tends to the result, that 
as regards the simple and uniform phe-
nomena which involve activity of finite 
regions of the universal ether ,  theoretical 
physics can lay claim to constructive func- 
tions, and can build up a definite scheme ; 
but in the domain of matter the most that  
i t  can do is to accept the existence of such 
permanent molecular systems as present 
themselves to our notice, and fit together 
'an outline plan of the more general and 
universal features in their activity. Our 
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well-founded belief in the rationality of 
natural processes asserts the possibility of 
this, while admitting that the intimate de- 
tails of atomic constitution are beyond our 
sc~ut iny  and provide plenty of room for 
processes that transcend finite dynamical 
correlation. 

JOSEPHLARMOR. 

INLAND BIOLOGICAL LABORATORIES. 

THE following informal notes have been 
received concerning the season's work in 
various summer laboratories and experi- 
ment stations : 

Of the research work carried out on the 
Great Lakes under the auspices of the Uni- 
ted States Fish Commission, Professor Reig- 
hard says : The work has been purely re- 
search work and i t  was understood from 
the start that it should be of a fundamental 
scientific character rather than directed to- 
ward the immediate solution of questions 
of supposed practical importance. 

The funds available have not permitted 
of carrying on the work for more than two 
months of each summer. During the sum- 
mers of 1898 and 1899 i t  was carried on 
chiefly a t  Put  in Bay, Ohio, (an island in 
the western end of Lake Erie, at  which 
there is a hatchery of the Commission). 
By removing the internal fittings of the 
hatchery i t  was temporarily converted into 
a laboratory for each summer's use. This 
laboratory has been in every way amply 
equipped. There is gas and water, a small' 
steamer and a supply of other boats. I t  is 
intended that work should begin on the 
first of July, but owing to delay in appro- 
priation bills and to other causes it may 
happen, as it did this year, that no authori- 
zation for the commencement of the work 
can be issued until the end of June or even 
the early part of July. Supplies must then 
be ordered, arrangements made with work- 
ers and the hatchery converted into a lab: 
oratory. The difficulty involved in under- 

taking to do this after the first of July for 
work which is to continue only two months, 
led this year to the trial of a different plan. 
Instead of opening the Put  in Bay labora- 
tory an effort is being made to carry on the 
work by means of individual investigators 
or small parties working independently. I t  
is hoped that work carried on in this way 
can be continued over a longer period, even 
during a part of the college year. 

The investigations carried on a t  the lab- 
oratory (and elsewhere during the present 
summer) are as follows : 

BOTANICAL WORK. 

1. The Algce of Lake Erie.-Dr. Julia W. 
Snow has been engaged during each of the 
three seasons and is now engaged in the 
determinetion of the alga of the Lake and 
in,working out their life histories by means 
of cultures. As many of them assume dif- 
ferent forms under different conditions, i t  is 
necessary to cultivate them and no final 
identifications are possible until the life 
history of each is known. This is of course 
a labor of years and involves a considera- 
tion of the relation of the various a lga  
groups to the nutritive substances contained 
in the water, that is, i t  leads into bio-chem- 
istry. It is expected that results already 
obtained will be made ready for publication 
during the coming year. 

2. The larger Aquatic Plants.-During the 
first season Mr. A. J. Pieters of the Depart- 
ment of Agriculture a t  Washington under- 
took a study of the larger aquatic plants 
with the purpose of determining whether 
they are wholly dependent on the water for 
nutrition or partly on the soil. Mr. Piet- 
ers7 results are now in press. H e  did not 
get much further than a determination of 
the various soils present on the Lake bottom 
and the relation of the plants to them. 
During the second season and during the 
present season Mr. R. H. Pond, an assist- 
ant  in Botany a t  the University, has car- 


