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corporate a worthy physical institute. 
And this institute could pilot the way in 
those things that pertain to the develop- 
ment of physical science. A reasonable 
number of promising sudents would fur- 
nish working material for the honored pro- 
fessors, and later they would spread the 
gospel. 

The publjcation of the work of such an 
institute would be a matter of detail and 
one that would take care of itself. I be-
lieve that a suddenly created national uni- 
versity with the proper ideals is an almost 
Herculean task. I-Towever, if several insti- 
tutes of the character of the proposed phys- 
ical institute could be founded one by one, 
these could later form a loose union for co- 
operation without waste of energy or loss 
of spirit. 

If my readers are inclined to admit the 
strength of the argument in this paper 
when i t  is considered in connection with 
the efforts of our state universities, but 
not when considered in connection with our 
endowed universities, they should be re-
minded that the latter type of institution 
has not succeecled in retaining such phys- 
icists as Rutherford, Jeans, Richardson and 
Maclaurin. Other foreign physicists have 
even declined to t ry our atmosphere. Our 
self-respect demands that we attempt to cre- 
ate one center of physical research to which 
eminent world physicists would be willing 
and happy to come. I believe that with 
the establishment of the physical institute 
we ehould soon have the spirit, intelligence, 
work and courage of the American univer- 
sity professor in physics raised to such an 
extent that men would be honored with 
salaries as well as with ranking titles, such 
that the fellowship of students would mean 
inspiration rather than a deadly burden, 
such that irregular administrative manage- 
ment would not be tolerated, and such that 

a correct public sense of values would be 
established. 

F. C. BROWN 
THE STAPEUNIVERSITY IOWAOF 

T n E  NEW MECHANICS 

INthe past decade, rumors have become 
current that physicists were attacking oriti- 
cally the ideas which have been accepted in 
mechanics since the time of Newton. Articles 
have appeared which assert that there are two 
mechanics, the Newtonian or classical, and 
the non-Newtonian or modern. And i t  must 
occur to many to ask whether this is to be a 
war of words, as has so often resulted from 
looking at the same thing from opposite sides, 
or whether we are living in a world perplexed 
by two rulers, for we have pretty generally 
submitted to the doctrine that we and the 
rest of the universe are parts of a mechanical 
machine. And i t  would be an additional per- 
turbation, in these already troublous times, to  
have to decide which governor to live under. 
While the laws of mechanics will probably be 
modified, still we are now certain that the 
changes will not affect problems involving 
matter in any of its ordinary aspects. The 
human race, in its present state of existence, 
will thus continue to conform to the laws of 
Newtonian mechanics; but we must be pre- 
pared for an early proclamation from Sir 
Oliver Lodge, the apostle of the science of 
spiritual mechanics, that death is merely the 
transfer of those complexes of the ether, called 
man, to a massive empty space governed by 
the laws of non-Newtonian mechanics-where 
our spirits move hither and thither with the 
velocity of light, and think with an energy 
comparable to the explosion of an atom. 

The real issues of this very important dis- 
cussion of the laws of mechanics are now 
fairly determined, and when the Soci6t.d 
Fraii~aise de Physique made them the sub- 
ject of a conference, no one could have been 
found better fitted to state the case than M. 
Paul Langevin, of the Coll&ge de France. 
Now that his opinions have been published, 
i t  is comparatively easy to present the ideas 
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ur~derlying the ncw mechanics as a survey of 
his articlc.1 

&I.Langevin begins his discussion with the 
statement that  the idea of mass has been the 
fundamental concept of mechanics since the 
time of Newton, and that it may be intro- 
duced in three different ways which correspond 
to thrce aspccts of inertia. R7e may dcfiiie 
mass as the coefficient of proportionality of 
force to change of velocity as derivell from 
the formula, force equals mass times accelera- 
tion (F=ma) ;  as capacity for impulse or 
quantity of motion, from the formula, momen- 
tum equals mass times velocity ( G  =mu) ; 
as capacity for kinetic energy, from the for- 
mula, kinetic energy equals one half mass times 
velocity squared (w ---- j~nv"). 

Rational mcchanics, to be consistent, ro-
quires that there must be perfect equality 
among thcse three definitions of mass, and 
that the Inass of any portion of matter must 
remain absolutely invariable for all velocities 
and for all changes of the body, whether due 
to physical, chemical or niechanical agents. 

By inertia we ordinarily mean the property 
which matter possesses of tending to preserve 
its state of rest or of uniform motion in a 
straight line; tliat is, matter resists any 
change of motion in snch a way that an ex- 
ternal action or force is nrcessarp to change 
the quantity or the direction of a motion. 
Newton based mechanics on this constant 
proportion between force and change of mo-
tion, or accc.leration; and hc defined mass to 
be the constant of this proportion. IIe thus 
assumes that mass, determined in any other 
manner, will give a consistent result with his 
definition. 

And since the timc of Newton, every trea- 
tise on physics has begull with this assump- 
tion, that inertia is the fundamental property 
of matter, in tlic scnsc that i t  can not be ex-
pressed in simpler terms. Indeed, for more 
than two centuries, i t  has been held to be the 
essential doctrine of mechanics, that  a phys- 
ical phcnoinenon was satisfactorily explained 
only when i t  was reduced to a typo of motion 

XI?. Langevin, "Jr'inortie de 1'Energie st ses 
consequences," Le Journal de Physique, July, 
1913. 

governed by the lams of this rational mechan- 
ics, and particularly by the law of inertia. 

But  now, after a searching criticism of tho 
postulates of rncchanics, many physicists have 
come to the conclusion that  inertia is not a 
fundamental property of substance, and they 
claim to have proved that i t  can be rccluced to 
siinpler terms by the laws of electromagnetism, 
whit-h show evit3rnce of being simpler and 
more filndainental than the laws of dynamics. 

First. because it can be proved that inertia 
is not invariable, since the quantity of mass, 
as mcasnrcd by the three definitions given 
above, ceases to be the sarne wlien the velocity 
of matter is riot sinall compared to the veloc- 
ity of light. 

Furthermore, although for small velocities 
the thrce definitions of mass agree and assign 
to a given portion of matter a definite initial 
or " stntio~iary'' mass, na,, yet even this initial 
mass depends on the yli.ysical and chemical 
state of the ~ y s t e m  arid also varies for each 
change of state which is accon~panied by an  
interchange of energy with an  outside body. 

This evic1entl.v means that, if a body radi- 
ates heat, light or electro-magnetic waves to 
other bodies, or if a body unitcs with another 
to form a new chemical con~pound, then the 
mass of the body in pap11 case changes. The 
relation between this change of mass and the 
changc of encrqy is found to be a very simple 
one, as the change of mass equals the change 
of encr,v divided by the velocity of light 
squared, or 1.2 

9% -m' =-----
TO -wf. 

It follows because of tlie law of the conserva- 
tion of cnergy that in a systern of bodies whoso 
separate parts mutually exchange eeliergy, the 
masses of the separate parts vary, but the 
total mass of all the parts added together re-
mains constant, if the system as a whole does 
not change its total quantity of energy. Tlius 
the law of conservation of ma5s is merged into 
the more fundamerital law of con.;ervation of 
energy. 

The inadequacy of mechanics became appa- 
rent when physicists attempted, without suc-
cess, to explain electro-magnetic and optical 
phenomena from the accepted mechanical laws. 
We now see, as Professor Einstein has shown 
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by the principle of relativity, that an essential 
error mas introduced when the formulze of 
dynamics and those of electromagnetism were 
assumed to lead to the same conceptions of 
space and time. According to the new me-
chanics, our ideas of time and space, obtained 
from mechanical notions, are only approxi- 
mately true, while those derived from the laws 
of electromagnetism are correct. The result 
is many physicists of the new school are now 
seeking for an interpretation of inertia from 
the laws of electromagnetism rather than to 
continue to explain the laws of electromagnct- 
ism by mechanics. These laws of electro-
magnetism have the advantage of great sim- 
plicity of form which may qualify them to 
serve as the fundamental principle of all 
physical laws. 

The germ of these new views of electro-
magnetism is to be found in the work of Fara- 
day and M m e l l .  Their true experimental 
foundation is Rowland's experiment, per-
formed in 1878, when he found that an electric 
charge, if it, be carried through space with a 
high velocity, acts like an electric current in  
that it creates about itself a magnetic field. 
Three years later, J. J. Thomson showed that, 
if an electrified body moves through space, 
i t  not only creates a magnetic field in the sur- 
rounding space. but also that this magnetic 
field is a form of mechanical energy; from the 
law of the conservation of energy, this energy 
must be acquired a t  the expense of an equal 
amount of energy localized in the free space 
about the bocly. Now i t  can be shown rigor- 
ously that this "magnetic" energy has all 
the characteristics of a kinetic energy, since 
it is proportional to the square of a velocity 
ancl contains a factor which corresponds with 
the mass as given in the third of our former 
definitions. This supplementary inertia of 
electromagnetic origin results solely from the 
fact that the body is electrified, and i t  is an  
addition to the stationary or initial mass 
which was denoted by m,. 

The result is the same if we consider the 
second definition of mass, as a capacity for 
impulse or momentum. So soon as a body is 
electrified and moves, i t  develops a supple-
mentary capacity for momentum which agrees 

with the supplementary capacity for energy 
which has just been described. Poincar6, in 
order to preserve the fundamental law of the 
conservation of momentum, has shown that i t  
is necessary to localize a quantity of momen-
tum in space just as we were forced to localize 
a quantity of energy in space. Thus the 
fundamental consequence of rational mechan- 
ics, requiring the three definitions of mass to 
agree, is not satisfied for all cases of motion. 

These ideas have affected our notions of 
space. Maxwell deduced as a consequence of 
theory that rapid and periodic variations in 
the electrical charge of a body should be prop- 
agated through space with the velocity of light. 
The existence of these electromagnetic radia- 
tions was verified experimentally by ISertz, and 
in the hands of his successors this new form of 
radiation has attained great importance under 
the name of wireless telegraphy. A theoretical 
consequence of this radiation is the now gen- 
erally accepted belief that light is merely a 
type of electromagnetic radiation of exces-
sively rapid vibration. To transfer the phe- 
nomena of light from a mechanical to an  
electromagnetic manifestation of energy was 
to shake profoundly the belief in the funda- 
mental and universal nature of mechanical 
energy. 

Another very important principle of ra-
tional mechanics was embodied in  Newton's 
third law of motion, that to every action there 
is an equal and oppositely directed reaction. 
But we have not been able to male  the forces 
created by an electrified body in motion con- 
form to this law. This is especially evident 
when radiation also occurs. Let us suppose 
that an incandescent body is giving off light 
(i. e., electromagnetic radiation) uniformly 
in all directions. By reason of symmetry this 
radiation exerts no resultant force on the 
source. But  if the perturbation, in the form 
of a wave, encounters an obstacle at a distance, 
then we know, both from theory and from 
experiment, that the ol~stacle will be subjected 
to a force due to its absorbing a part of the 
radiant energy. This pressure of light pushes 
the obstacle in the direction of the propagation 
of the light, and the action thus exerted on the 
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distant body is not compensated by a reaction 
appearing a t  the source or on any other por- 
tion of matter. We thus have cases of actions 
without reactions, if matter alone is con-
sidered. 

I t  must be clearly understood tliat the dis- 
crepancies involved in the results of the ra- 
tional mechanics, which have been cited, do 
not becorne appreciable except undcr unusual 
conditions. We can still consider mass as an 
absolute const:~nt and the equations of dynam- 
ics as exact, unlcss matter has a velocity ex- 
ceeding 16,000 miles a second, or for changes 
of state which involve enormous cluantities of 
energy, such as those associated with radio- 
active bodies or those which accompany the 
formation of he chemical atom. At the pres- 
ent day we have made no progress in attain- 
ing any of these conditions, for even in the 
case of radio-active bodies we should need to 
find a method of liberating their energy in 
honrs rather than in hundreds of years. Thus 
the problem would have remained academic, if 
theorists had not advanced the hypothesis that 
electricity is atomic in nature and that the 
electron, as the least portion of electricity is 
called, ordinarily attains a velocity which docs 
exceed a velocity of 18,000 miles a second; 
that radiation must be explained as a transfer 
of an entity, energy, through space; and that 
the cl~emical atom of the radio-active elements 
decomposes spontaneously and of a31 other 
elements is theoretically decomposable with 
the evolution of an enormous amount of 
energy. All of these theoretical cases would 
make the discrepancies between the laws of 
mechanics sipifi tant .  

I t  would exceed the limits and the purpose 
of this article to attempt to follow M. L ~ n g e -
vin in  his exposition of the properties of elec- 
tricity and of matter, of inertia. of radiant 
energy, and of the principle of relativity. 
After all, these abstruse questions are proper 
for the discussions of specialists as they deal 
with the nature of matter in a state quite 
outside the limits of observation. I3ut how- 
ever the hypotheses of electrons and the ether 
a a y  impress the world as being matter of defi- 
nition and words rather than of substance, yet 

from them follow conclusions which can be 
tested experimentally. And the conclusions to 
be drawn from the new mechanics are inter- 
esting. 

For example, from the assumption that the 
mass of a body varies when i t  gives out heat 
or light, we nnlst conclnde tlrat if a pol~nd of 
water at  32' Fahrenheit were heated to 21Z0, 
its inertia or mass w o ~ ~ l d  Unfor-be greater. 
tunately, when we calculate the increase of the 
niass for this or for any practicable healing 
of a body, we find that i t  is entirely too small 
to mcasure. 

Again, let us put a known mass of hydrogen 
and oxygen in a closed vessel and cause them 
to unite to form ~vatcr. Since the union of 
these gases liberates an immense amount of 
energy in the form of heat which will bca 
radiated from the walls of the vessel, the mass 
of the water must be less than the combined 
masses of the two gases. But rinfortunately 
again, the calculated decrease in mass is only 
a five-billionth part and thus entirely too 
small to mcasure. 

Lastly, the radio-active bodies give off an 
amount of energy much greater in proportion 
to the mass acting than can be obtained by 
any chemical or other process. We might 
I~ope to measure the decrease of mass in these 
cases, but we can not, because these bodies 
give off their energy far  too slowly. 

Such, in  the main, is M. Langevin's exposi- 
tion of the new ideas in mechanics. Thcre is 
not the least doubt that this rigorous search- 
ing of the classical mecllanics has been a most 
important advance in science, and we are eer- 
tain to find its laws must be revised in  order 
to make them conform to the more rigorous 
exactness w1lic.h is now required of mathema- 
ticians. But i t  is equally certain the laws of 
mechanics have withstood this criticism 
extraordinarily well, in so far  as they have 
been unshaken when we are dealing with mo- 
tions which can be attained by bodies of seu- 
sible 

2 That is, Newton's laws of dynamics ale rigor-

ous when bodice of tangible size, acting in meas-
urable sp:rces and times, are investigated. They 
are approximations for  exceptional cascs; in much 
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. The divergence of the new and the old 

mechanics occurs only for actions of separate 

electrons, of unattainable velocities, of energy 

existing in the chemical atom, and of radiant 

energy in empty space unassociated with 

matter. Now there are mans men of science 

who think these problems are metaphysical, i n  

that they do not deal with measurable bodies 

or with phenomena capable of experimental 

verification. And there is a great likelihood 

that problems of such a nature are incapa-

ble of scientific soIution and are apt to drift 

into a discussion more of definitions and of 

words than of objective facts. 

. The warning which was given by PoincarB, 

shortly before he died, is one to be heeded by 

the over-zealous. 


If, however, in some years, its rival (the new 
meclianics) triumphs, I shall venture to point out 
a pedagogic error that a numbw of teachers, in 
France a t  least, will not escape. These teachers 
will find nothing more important, in teaching ele- 
mentary mechanics to their scholars, than to in- 
f o m ~  them that this mechanics has had its day, 
that a new mechanics where the notions of mass 
and of time have a wholly different value re-
places it; they will look down upon this lapsed 
mechanics that the programs force them to teach 
and will make their scholars feel the contempt 
they have for it. Yet I believe that Chis dis- 
dained classic mechanics will be as necessary as 
now, nr~d that whoever does not know it thor- 
oughly can not understand the new mechanics. 

LOUIST. MORE 

GEORGE FESTINGHOUSE 

MY acquaintance with Mr. Westinghouse 
commenced in  the spring of 1867 in Pitts- 
burgh. He was a t  that time introducing to 
tlie railroads a patent car replacer and a 
double-headed railroad frog, both of his inven- 
tion. These were being manufactured by 
Messrs. Anderson, Cook & Company, crucible 
steel manufacturers, I being employed by the 
same company. H e  was doing the selling-at 
the same time making his first acquaintance 
the same way as his more universal law of gravita-
tion is accurate for ponderable bodmies but fails for 
intangible molecular bodias. 

with railroad men, so valuable to him in later 
years. We lived a t  the same hotel and later 
on, after we were both married for about a year, 
we lived in the same house on Penn Avenue, 
next door to where the great Westinghouse 
Building now stands, and, being of congenial 
tastes, our  acquaintance ripened into a warm 
friendship which continued up to the time of 
his death. 

During this time he often talked of the idea 
of operating tlie brakes of a railroad train by 
compressed air, one of the greatest advantages 
of which he thought would bB the putting of 
the full control of all movements of the train 
into the hands of the engineer. I l e  had wit- 
nessed a collision between two trains and saw 
the necessity of some better apparatus for con- 
trolling their specd than what was then in use. 
Not having the money to pay the expense of 
the first equipment, which only amounted to 
$750, he gave a very substantial interest in the 
patent to one of the men who was afterward 
associated with him, in return for the neces- 
sary capital. This gentleman made over. 
$2,000,000 out of this interest i n  the Brake 
Company within the next twenty-five years. 

H e  soon had all the details of the new in- 
vention worked out and the first train equipped. 
I t  was first tried on an accommodation train 
on the P. C. & St. L. Railroad, running west 
from Pittsburgh. It was a success from the 
very first, preventing a bad wreck and prob- 
ably saving several lives within a week after 
its installation. 

A company was soon formed and the manu- 
facture of the brakes was commenced within a 
few months. H e  added from time to time im- 
provement after improvemerit until in 1856 he 
brought out the automatic quick-action brake. 
The greatest rival of the air  brake a t  that  time 
was an electric brake. After studying this 
problem for some time, Mr. Westinghouse an-
nounced to his associates that he had con: 
ceived the idea of an improvement in  the air  
brake that would make its operation quicker 
than the electric. No one could understand 
how this could be true, but when the brake 
was constructed and put in operation they 
found it was a fact. 


