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Smnrthil~ore College, 41r. T,onis Fussell, 
in,tructl)r in electrical engineering anti Mr. 
Ross Mr. illarriott, instn~ctor in  mathematics, 
have 1)i.t.n protnoteci to assistant professor-
sljips. Mr. l1. 1,.Ward, who has been assis- 
tant at  P a l e  TTniyersity, has been appointed 
instructor in chemistry. 

91~.C;~:onocP. Ptrxc. of Ripon College, has 
becr~ made assistant professor of mathematics 
at the University of llinnesota. 

DR. Jos4r~ra.rT. RORER, of the Central 
ITigh School, Philadelphia, has been called to 
the hcadshiz) of the lnathernatical depar-trnent 
of the next. Williarn Perm IIigh School for 
Girls, of the satne city. 

T ~ I Echair of botany a t  Birmingham, vacant 
by the retirement of I'rofessor ITillhousc, has 
been filled by the appointnsent of Dr. (1. S. 
West, who for the past four years has been 
leaturer in botany a t  the university. 

bf1t. J &ME:: COLQUI~OUN P1l.D. ( h i p -  IRVINE, 
zig), D.Sc. (St. Andrenls), has been appointed 
to the clxair of cherrtiitry in the Fn ive r s i t~  of 
St. Andrcws in  place of Professor Purdie. 

THE FUNDAMENTAL I,A\VS O F  MATTER AND ENERGY 

To T I ~ EEIIITOROF SCIENCE:I n  a late num- 
ber of SCIICNCE(April 23, 1909) Professor 
Speyers has raised some objections to the sys- 
tem of non-Kewtonian mechanics which I 
recently published.' JThile soine of these ob- 
jections are due to nsisundrrstandi% of the 
n~eihod employed in developing the new sys-
tern, others of a n  (1  psiasi character are based 
apparently upon a certain feeling of repug-
nance to the view that the velocity of light in 
racuo possesses a unique significance, as the 
l i~n i t  of all possible velocities in  a material 
system. This fcelil~g, which has been expressed 
by numerous critics of non-Ne~~ltonianme-
chanics, I sllould like to discuss briefly. 1will 
telre this opportunity also to present in  a new 
anii perhaps sinipler may, tlle principles in- 
volvcd in the development of the new system 
of mechanics. 

Technology Qitnrlerly, June, I!)OS; Philosoph-
ical jll(ry(tcinc, 10, 705.  

We niay base our whole argument merely 
upon four empirical laws, of which the first 
two are universally accepted and form an 
essential part of the founclation of pl~ysical. 
science. 'I'he other two are more specific in 
character, but i t  is hardly likely that their 
~nl id i lyn ill be questioned by any one. 

The first is the law of conservation of mass. 
I f  a system gains in mass, its environment 
niust lose in  inass by t l ~ esame amonnt. 

The second law states that if the center of 
tnass of a gi~ren systeln is a t  rest, it can not 
be set in motion except through the agency 
of an  external force; in other words, if the 
ccntcr of Inass of an isolated systern is at  rest, 
i t  will remain at  rest. 

The third law was deduced by hlaxwell from 
electromagnetic principles, by Boltzrnann from 
thern~odynamics, and has been accurately veri- 
5eil experimentally by Nichols and Hull. I t  
concerns the mechanical impulse experienced 
during the absorption or emission of light. 
Tf a body emits a beam of parallel light, i t  
accluires momentum in the opposite direction 
and the momentum acquired is equal to E/'17; 

where E is the quantity of energy emitted, 
and B is the velocity of light. 

The fourth law has always been tacitly as- 
sumed and I natne i t  here only to show with 
particularity the whole empirical basis upon 
~vhich the system of non-Newtonian mechanics 
rests. This law states that if a body suffers 
a mere loss of energy through radiation, and 
if then the same antount of energy is returned 
to i t  by thermal conduction, or by an  electric 
heater, or by friction, or in any other such 
way, the systen~ will return to its original 
condition. 

Let us now consider, isolated in space, a 
body a t  rest. For an instant this body emits 
a beam of parallel light directly away froru its 
center of mass. As a consequence of the pres- 
sure of the emitted light, the body begins to 
rnove in the opposite direction, acquiring mo- 
mentum which is equal to E/V,  E being the 
energy of the srnall quantity of radiation 
~vhich is now traveling away from the original 
center of mass of the syste~~s with a velocity T7. 

If the vclocity acquired by the body is v 



and its mass is now m', then according to the 
law stated above, 

E 
?YL'C = . (1) 

From our fundamental law concerning the 
center of mass, i t  is obvious that, when the 
body begins to move, some mass m,ust move in 
the opposite direction in order to keep the 
center of mass in its original position. But 
since nothing is moving in this direction ex- 
cept the small quant,ity of radiant energy 
which was emitted, this radiant energy must 
itself possess a mass m which is to the mass 
m' inversely as the distances, at any instant, 
of m and m' from the original center of mass. 
These distances are proportional to the two 
velocities and thus, 

Combining equations (1)and (2) gives 

Therefore a beam of light possesses a nlass 
which is equal to its energy divided by the 
square of the velocity of light. 

By the conservation law the mass associated 
with the radiant energy must come from the 
emitting body, the latter therefore loses mass 
in proportion to the energy it loses. On the 
other hand, if the same quantity of energy as 
was emitted is ilow returned to the body in 
some other way, say by thermal conduction, 
the original internal condition of the body 
being restored, it will regain its original mass. 
It is evident, therefore, that when a body gains 
energy in ally way, i t  simultaneously gains 
mass accorcling to the simple law 

This equation connecting the mass of a 
body with its content of energy is the basic 
equation of non-Newtonian mechanics. From 
this the other theorems follow at once. Thus 
it is obvious that if a body in motion has more 
energy than one at  rest, i t  must also have a 
greater mass. Hence, we are led clirectly, as 
shown in my paper, to the equation 

where m is the mass of the body moving with 
velocity v, and m, is its mass at  rest. 

This is the only equation of non-Newtonian 
mechanics that has been subjected to a direct 
experimental test. I n  my paper attention was 
called to the general agreement between the 
demands of equation (5) and the experiments 
of Kaufmann on the mass of the rapidly 
moving particles enlittecl by radium, but 
same of the differences betmeen the observed 
and calculated values seemed to some scien- 
tists too great to ascribe to experimental error. 
However, this question is now definitely settled 
by the recent work of Rucherer,2 who investi- 
gated the same problem by a more accurate 
method. His results on the change of mass 
with the velocity are in striking agreement 
with our equation. 

Since therefore non-Newtonian mechanics 
is based1 solely upon laws which have been 
universally accepted, and has been further 
verified directly by this decisive experimental 
test, the new system seems to be upon a thor- 
oughly secure experimental foundation. 

It is evident in equation (5) that m ap-
proaches infinity when v approaches the 
velocity of ligl~t. EIence a body moving as 
fast as light would have infinite mass and 
infinite energy. This is the conclusion which 
to some scientists has seemed incredible. They 
suggest that if we had started with an observa- 
tion on the pressure of sound instead of the 
pressure of light, we might have been led to 
the conclusiol~ that the velocity of sound is the 
maximum possible velocity. Of course, if this 
idea could be substantiated, i t  would be a very 
efficient reductio ad ahsurdum of the method. 
As a matter of fact, however, if we apply to 
sound energy the kind of reasoning that we 
have applied to radiant energy, we are brought 
neither to an absurdity nor to any result which 
is not readily predicted from the elementary 
principles of n~echanics. 

I t  is not that we have decided in advance 



to ascribe t o  the vclocity of light this unique 
position. Nature Eorcaes us to a conclusion 
and if this conclusion is incompati1)lc with our 
pr~conceivcd opinions, i t  i 4  the opinions that 
must be changed. 

Not many years ago, i t  was supposctl to be 
po~siblc to incr~ase  both heat and cold mith- 
out lirnit, bnt \kt: lro longer lrope to attain any 
tcmpcraturc bclom -273" C. 7'0 cool any body 
to the absolute wro would reqnire an infinite 
anlonnt of work. Now we find lilrcwisc tliat 
it -ccould take infinite work- to bring any body 
to the ~~eloci ty  as -273" C. of light, and just 
became recognized first as the lo~vcst posqible 
tearperaturc, then as tlic lowest conceivable 
tcmpcmtnre, so we must not only regard 
3 X 10" centimentcrs per scconrl as the high- 
est possible velocity, but we must so cliange 
our present iclcas that tllis shall be the highest  
c o ~ 1 c e i v d 7 e  celocity in a material system. 

I n  closing I shoulil lilre to motlify one of 
the statements in my previous paper. It was 
there intiinated that the equations of non-
Newtonian mechanic3 offered a means of de- 
termining absolute motion thro~x,:h space. 111 

a recent paper by Mr. Tolrnan and myselfs 
it is shovn, on lhe other hand, that  these 
equaiionr ~naintain tllcir full validity no mat- 
ter 1~11at point is arbitrarily chosen as a point 
of rest. GII,BERTN. LEWIS 

RVSIT TAROR L T ~ R YOFLRCII 

PHYSIC AT^ C'IID,MIRTEY, 
IIassacrrnsclTrrsINSTI~J'LTI~:or TI?cIITOLOGY, 

June 19, I909 

SOME Tl1IER'IlS I N  IIIGNCR EDUCATION 

To TIIE OF I was veryEDITOR SCIRNC'E: 
muc l~  interested in the articlc hy Mr. Marx 
entitled " Some Trends in Higher Education," 
which appearerl in thc issue of Scrmcr;: of 
May 14. Whilc I believe that such investiga- 
tions are of value, i t  seems to me that thi.: 
article and others of a lilie nature, which hare 
been appearing recently, show the nccd for 
more accurate and rcliablc statistics relating 
to higher education. Tn the great rnajo~tity of 
cases the writers have all too often been inti- 

s "Thc Principlr of Relativity and Non-Kew-
tonisn Mcchnnicr," I'roc. 4 incr.  Acnd., .June, 1909. 
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maf ely acqnaintetl ~3ith only one inqtihrtion. 
7 7I11ry IIRVC realized that in the casc of this 
institution, svell k n o ~ ~ a  hadto them, a l lo~~nnce  
to Irc inacle for the pnl~lished statistics, but 
lllcy have not s h o ~ ~ n  cc,u:ll generosity to those 
I~lbtitutionsconcerning which they Bnc~v little 
or nothing, and have accepted all statistics at 
Fnce raluc. All llersnns connccted wit11 uni- 
vc.rsities Inlorn very well, for exainple, how 
little I r u ~ l  i.; to be placcd in the avemge com- 
l):~r:iti~-etables r cg~rd ing  thc total nurnbe~ of 
\tndcnts at the various institutions of learn- 
inq. Kcarly every larger nnivcrsity, bg means 
of dne selection ant1 snpp~ession, has rnnde out 
a good casc a t  one time or >mother in the 
attempt to show that i t  is the I a rg~s t  univer- 
c,ity in this country. These mrthotls savor 
very much of some of the atlvcrtising indulged 
in by insurance companies, but universities- 
and tliosc ~vri t ing about thein ought to have 
a somewhat more scientific standard. 

Nr. hlarx's articlc is not decoid of many 
of the faults to which I have allucled. To 
rite just one instance: take, for example, the 
last column of table 4 on page 784. This 
table is supposecl to give the average salary per 
meinher of the instruction staff, but surely no 
orlc having an intelligent knowledge of higher 
cdacation in America can suppose that the 
a1:ernge salary per year at Johns IIoplcins is 
$1,226, or a t  Northwestern $835, or a t  Minne- 
sota $867, or a t  Toronto $881. 

It is not surpriqing to find the most erro-
neous conceptions prevailing about the admin- 
istration of our universities, when even a re-
sponsible paper l i l i ~  SCIENCRpublishes figures 
such as these noted without further explana- 
tion. Such looseliess of statement does great, 
injustice to many ;la institution. I n  the Col- 
lege of 1,iberaS Art3 at Northvestern Univer- 
iity, where the salaries average lower than 
they do in the professional schools of the same 
iartitution, the inqtruction stafT consists of 
fifty-nine persons. Their salaries for the year 
1009-10 will amount to $117,450. This is an 
average annual salary of almost $2,000 per 
individual. It is a fact that no teacher in the 
university, who is paid a t  all, receives for a 
year's work so small a sum as $836. The lom- 


