
hence the two aqsertions about Force are arliitrary and may be 
laid down as a (partial) defiuition of that Icrm. 

From this definition all f he tileot ems of dynamics may be cle- 
duced, as fro111 Newton's laws ot motion. The t l~eo~etusof  stattcs 
may also be cleduc-eci. the only difliculty h .wg the principle of 
vtrtual ~xork.  This clifiiculty, hoii~eoel, di-appears as soon as the 
term "geonretiical conditions" is plopelly defined, 

\Ve have then a s v ~ nboll? d j  namici, To gi.r e it a bubjectire 
meaning we have to conceit e a real de~~otatrotl t a~ms.  I tfor it., 
is not. however, necessary to give a real drnotat:on to Foire if xi7e 
can do so to ?lass, for we may still regard Force a? mc~elya nmut. 
for the product of mas- hi acceleration, or (which i a  the same 
tilling) aa the timc-flux of rnoinentum. To give the l h e o r ~  an 
objectixe application it is necesqary to shon- that wlrat we call 
nlateltal particles not ouly occupy p\hltions irliich at(. continooa.: 
one valued functions of ~vl iat  we call Time. but alzo posse>'. a 
cprtain charactertitic whicll ie not a function of space or iime, and 
which may be called Mass. Then, T\ hethtr n e  attach a u j  deno- 
tative meaning tq Force or not, \re can discuss the foicrs or 
?tresses t h ~ t  n lwl  be postulated 11rtiveen ~ a r i o u s  particles of 
matter. The magnitudes vt these mill in geneial depend on tbe 
axes we assume by which to clricrioine poiitions, and :~lso 011 the 
masses a,signeil to the otlx.il;us particles. 'Che axes and masses 
are therefore as5umed in such a may as to mal~e  the resulting 
system of stresses the simplest possi!,Ie. For example, i t  iq pen- 
erally assumccl t l ~ a t  the stress betneen any tivo particles (11rni1-t- 
ishes as the diotancc bet\veen them iucxreaaes, ancl mav be neglected 
if this distance is very glrat.  Hence In asLronorxly theattrartiorrs 
of the fixed starq on the plancis may generally be neglcctcd, and 
we may discuss the solar systetn alone. It is fullher shown that 
t l ~ e  systenl of stresses bct\veei~ the sun and planets is simplest 
when a certain plane is takcn as " t l ~ rinrari,iblc plme." But we 
do not really k,zo?v that the stresses thu, dcduced are the actual 
ones, or inileecl that there is any actual plicnomenon correspond- 
ing to what we call *tress at  all. An1 plane might be chosen as 
the "invariabKe" one, at t h r  cost of h a ~ i n y  to postxxiate a inore 
complicatecl systein of stresses. TXrt> cannot dctermine fixed di- 
rcctions dynamically, any more than kinematically, exc?pt by 
making a~sumistions which ale really arbillary about the stresses 
bet ween certain particles. 

As Profpssor llIacGrrgor points oul, the Ian7 of the conser\ration 
of mechanical energy \\auld flow from the assumption that 
stresses are function= of the distances bein-ecn the particles on 
which they act. But this would not lnclucle the general law of 
conservation of encrgy until all enerpy \%as shown to be mechani- 
ral energy. And eTen then, on the abotc assun~plion, tire tern1 
conservation of energy would be rather misieadiilg; for the kinetic 
energy is not conservecl unles'; the tell11 potcntittl energy is rucrely 
uiecl as a cloalr to hide our ignorance of kinetic enelgies tvhich 
for the moinent have pawed beyond our ken. For example, a few 
years ago it  might have been said t!ral 'ix~henwc project a keeper 
away from an clectro-magnel, the kinetic energy ~vibh \rhich it 
starts becomes converted into potential by the  time it stops, just 
as nhen we throw a btone into the air. But if, xvhile the lieeprr 
is a t  a distance frorn the magnet, thc c.ulrent is s'ivitch~d off, that 
potential energy is crholishcd! The true vie\\- is. ho\\ever, that 
there never was any ~oten t ia t  energy at all. the energy oL' tllP 
flying keeper had its equivalent in a n  incrcase in the electric car- 
rent round the magnet- a kinetic, not a potential. energy. And 
I have no doubt that some (lay science will chow a similar ex- 
planation to hold wit11 respect to gracitation anc! other actions a t  
a distance. When Chat day comes the term '' potentlrtl energy" 
nlay be banished to the hmbo of once useful things." 

It  will bp seen, therefo~e. that I differ froin Professor l\lac<:regor 
chiefly in denj ing '' the nou-relatire character of Force." Pro-
fessor >lacGregor says, " it is easy to show that if ~t [the third law 
of motion] hold for one point of refcrcnce, it cannot hold for an- 
other hat ing an acceleration relative to the firat." I shoulcl like 
to see his proof; but if he refers accelerations to a single point, I 
can well understand that he should arrive at  ~esu l t s  inconsistetlt 
with mine. For, a$ I have shown, the apparently absolute de- 
terrninatiow~sof direction depend in reality on arbitrary aesu tnptions 
as to  stresses. IIaving nlade thcae arbitrary assumphons, rt may 

well be iuipossible to further make arbitrarily the assumptions in- 
volved in the third law of motion. 

1cannot quite follow Bis paragraph beginning " I t  nray easily 
Ile proved that the stress between two particles is proportional to 
tlrc product, by the sun1 of their masses into their relathe accel- 
eration." There seems to be some misprint; but how a single 
particle could in any case exert all the forces acting on a system 
of particles, I cannot unclerstand, unless the words -.equal and 
opposite" in the third law of motion are not held to imply that 
the forces act in the line joining the particles, mhrcli, moreover, 
is distinctly ~mplied in the Professor's law ot stress. In any case 
the difficulty referred to above comes in again, viz., that we can- 
not determine directions absolutely, or po-itions by reference to a 
single point. 

In conclusion. I should like to point out that it seems incon- 
venient, even if Profesior 81acGregor's views be accepted on other 
points, to incalude in one law of fillem, two statements resting on 
such very different eviclence as that forces may be considered to be 
attractions or repulsions, and that their mag~iitudes depend solely 
on the distances between the particles on which they act. I t  
x~ould give a student a very false notion of the fondatnental hy- 
potheses of tljnaniics to teach him that he nus st acczpt or reject 
both these aqsertions together. EDWARDT. DIXON. 

Cambridge, Eng., Auc 20. 

The Fundamental Hypothesis of Abstract Dynamics. 

Pmomssorz Hos1r1;us points out (Xcimrce, Bug. 26, p 123) tllat 
for the conservation of energy the necessary and sufficient con- 
dition is that 2Pdr sball be a perfect differential of a function 
of the quantities r, Y being the stress I~et ' i~een any t\vo particles 
of the system, anrl r their distance; and that tlie condition that 
each P shall be a function of the corresponding r only, which I 
suggested for adoption as a fourth law of motxon, with a view to 
the dednclion of the law of the conservation of energy (Scietzce, 
Bug. 5, p. 74), while sufficient, is not necessary. 

There are three reasons which influence me in selecting for the 
fourth law an for the hypothesis which is more than ~ufficiet~t 
maill purpoie in making the selection, viz., (1) that it is capable 
of simple physical expression, ( 2 )  that it is already known to hold 
in the case of several natural forces, and (3) that the additional 
a~sunlption involved in it, over and above that necessary for the 
ilcduction of the conservation of energy, is one 'i~hicli is, I think, 
invariably marle in investigtitions on the laws of natural forces. 

What the additional assumption is, is ~eadily seen. In  a system 
of two particles A and 6,2Pdr becomes P d r ;  and in this case 
it  is both necessary and sufficient for the conservation of energy 
tint the single stress acting shall be a function of the distance 
AL3 only. If we add a third particle, C, to the system, conserva- 
tion no longer requires that the stress betn ecn A and B shall be a 
function of the distance A B  only, though it is secured if that con- 
dition is fulfilled. Thus the proposed law assumes, in addition to 
\\hat is required for conservat~on, that the stress between A and B 
ie not changrd by the fact that other stresses have besun to act 
between A and C and between B and C. The proposed law there- 
fore involves an assu~nption similar to that implied in Nenrton's 
spcoucl law. As Newton's law assiiiries that a force produces tho 
same accele~ation in a pa~ticle whether other forces act on it or 
not, so the proposed law assutnes that, the stress between two 
particles is the same whether or not there are othcr stresses acting 
lsetwoen then1 and other particles. 

That this additional assumption llolds ia the case of sonlenatural 
forces has been abundantly verified, and in investigations into 
the laws of forces not yet determined, so far as my lrnow71edge of 
si~cll investigations goes, the same assumption is always made. 
Thls being so, we xvould seem to be warranted in adoptiug, tenta- 
tirely of course, as a fourth law of motion an hypothesis in whicl~ 
t11is assumption is implied. The proposed law cannot be said to  
have received anything like the verification that Newton's laws 
llare received. But of the lnany deductions which have been 
made from it, none have been contradicted, while mailg have been 
corroborated, by experience. J. G. BIACGIE~GOR. 

Shubenacadie, N.S., Sopt. 2. 


