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He does not state whether there is any difference 
in elevation or in character of soil at the corners of 
this triangle; but, if there is none, then this observed 
difference of motion is highly interesting and impor
tant, and should be tested and verified in every possi
ble way by interchange of instruments, resetting of 
supports, etc., in order to be sure in every way that 
there is no local peculiarity of instrument or method 
of attachment to the soil. Doubtless this will have 
been fully attended to in Professor Milne's continu
ation of these interesting experiments. 

H. M. PAUL. 

A RECENT DISCUSSION OF THE AXIOMS 
OF MECHANICS. 

T H E logic of the physical sciences will al
ways remain a fascinating field for the philo
sophic inquirer, and doubtless also for the 
special student of those sciences. The recent 
efforts towards a ' reform in logic' in Germany 
have not left this field untouched ; and one of 
the first in importance, among the books that 
bear on the general topic, is the work whose 
title is given below. The author has quali
fied himself for the task by a lengtlry study of 
the histor}^ of the development of his science, 
and he has the power to suggest much more 
than he directly says. In short, we have here 
a man who combines definiteness with depth 
of thought; and his book, whether useful or 
not to the specialists in mechanics, is surely 
very suggestive to the student of logic. 

The author represents in his wa}T the new 
empiricism of Germany, — a doctrine that has 
grown up out of a study of Kant and the Eng
lish philosophy combined, and that as certainly 
points back again into the realm of specially 
philosophic discussion as it appears anxious to 
be forever beyond that realm. This new em
piricism is much more suggestive than the 
older empiricism of J . S. Mill. He had 
founded all inductive interpretation of nature 
on the causal principle, and the causal princi
ple itself again on an inductive interpretation 
of nature. The new empiricism escapes from 
this circle by assuming a relatively a priori 
principle in all induction, but seeks to remain 
empiricism still by making this principle no 
abstract axiom, but a sort of ultimate form or 
tendency of intelligence, viz., the tendency to 
conceive of the facts of experience in the most 
economical way. This interest in econon^ of 
thought shall, in the new empiricism, take the 
place of the old axiom of causality, an$, in 
fact, of all the mysterious axioms of past 
logicians. This tendency to economy is to be 
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the true a priori that Kant sought. I t is to 
give us no knowledge transcending experience, 
bat only a necessary presupposition concerning 
experience. What for bare experience would 
seem a confused mass, becomes for the scien
tific thinker, by virtue of this tendency to 
economy, a world of law. All the laws are 
indeed statements of empirical fact; but the 
statements never could assume this form save 
by virtue of the effort to economize thought. 

Such is the general statement of the new 
empiricism. Our author, for the most part,. 
confines his use of it to his special task, and 
lets general philosophy as much as possible 
alone. Yet he cannot but constantly suggest 
to the reader the philosophic problems peculiar 
to his method. For the rest, he lays claim in 
the preface to considerable relative originality 
in the development of his own doctrine. Be
fore Kirchhoff and Helmholtz applied to me
chanical science the general theories of the 
new empiricism, Mach had outlined his views 
in a published essay. He is thus entitled to 
individual credit, and open to separate criticism. 

Applied to mechanical science, the new em
piricism, as our author and Kirchhoff have 
expressed it, takes the form of declaring the 
purpose of mechanics to be, u the simplest 
possible description of the motions that are in 
the world." Thus at a stroke the science is 
to be freed from all mysterious elements. 
Those old ideas of force, of inertia, and the 
rest, are to be defined afresh in such a way as-
to conform to this logical theory. The science 
is to have its two perfectl}7 plain bases ; viz.,, 
experience of motion, of velocity, of direction, 
etc., and the effort to think this experience 
with the least effort and the greatest unity. 

The historical form that Mach gives to his 
doctrine makes it especially attractive and en
lightening ; and we hope for much good effect 
from this element in the book. Mechanical 
science, as Mach frequently repeats, had its 
origin -very plainly in the need of men whose 
handiwork, owing to its technical complexity, 
was difficult to describe to those new in the 
craft. The learner must be enabled to see the 
permanent elements of the experience of his 
craft beneath, and in all their endlessly various 
applications ; he must be brought to an c iiber-
sichtliche erfassung der thatsachen: ' hence 
the need of quite general and simple descrip
tions, applying to fundamentally important 
facts. Economy of description thus from the 
first becomes the artistic principle, as it were, 
of this technical instruction. 

If this is the origin and general method of 
the science in its embryonic stage, the origin 
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of  the nse of asioms appears, according to our 
author, i n  the fact that  the learner, from lon* 
habit (not,  a s  Mach thinks, from any npr iorz  9 

insigllt), has come to expect instinctively, and 
so  to  conceive very economically, certain simple 
sequences of facts. Purely for economic rea- 
sons, and not on philosophic g rou~lds ,  nor for 
that  matter with any philosophic justification, 
the teacher is disposed to seize upon these ele- 
mentary facts a s  the constituents into which 
more complex facts can he analyzecl, and by 
mllich these cases can be easily clescribed. 
These sirnpler sequences are cliosen simply 
because the learner already linoms of them, 
and can more reaclily grasp them. TVhen one 
calls then1 a prior i ,  one forgets how easily a 
puzzl i~lg qilestion can confi~se us about their 
meaning, and even about tlieir truth. Their 
self-evidence is the self-e~iclence of instinct, 
and  they are in no philosopliical sense m prior i .  

After the foregoing summary, we may fairly 
assert that  in one respect, a t  any rate, JIach 's  
method is  praiseworthy ; and that  is, in  i ts  
tendency to get rid of the nij  sterious elernent 
of his science. T1711atever one m a -  liolcl about 
the a pr ior i  in  general, there is no doubt that  
me have had cnongh ancl too mucll of the 
purely mystical a prior i .  I f  there is any 
f i~ndamental  rat io~lal  truth a t  the bottom of 
science, if science is  more than a mere aggre- 
gation of facts, this rational basis, when we 
come to s tate  it ,  m ~ ~ s t  be as  frank and honest 
and  manly a principle as  the most common-
place adherent of the empirical philosophy 
could desire. T h e  old-fasliionecl a priori,  i n  
science, in morals, in  religion, nserl to  be 
represented as  a n  arrogant ancl intolerant 
thing, mysterious in  i ts  manner of speech, 
violent ancl (logmatic in its defence of i ts  own 
clain~s.  T!le Englisll empiricists usecl to  hate 
this aristocratic a prior i ,  anct they shrewdly 
suspectecl i t  t o  be a humbug. What  they 
gave us in i ts  place, however, was a vague and 
unphilosophic doctrine of science, that  jou  
co~llcl oillj  seem to understancl, so long a s  you 
clicl not examine into its meaning. 

&facll's view avoids the mystery of the old 
a priori.  I-Ie leaves us still the mystery of the 

ciple of the economy of thought is o11c that  
any intelligent pupil, with a few enlpirical 
facts before him, could be got  to  understancl. 
But, a s  manj- not estraorclinarily stupid pupils 
have so often felt, the mysterious mag in which 
sucli axioms a s  the ' principle of sufficient 
reason ' usecl to a p p e : ~ ,  aiinlessly wandering 
t o  and fro in the text-hoolis, coulcl not but per- 
plex, witho~lt  in  any wise helping, the young 
mincl. T h a t  even to-day, when tlie enlpirical 
methocls in elementary ineclianics are so well 
developed ancl so  generally used, the ' princi-
ple of sufficient reason ' is  occasionally called 
in  to help teacliers and test-books out of dif- 
ficult places, -this fact is surely a ' s~lfficie~lt 
reasoil ' in itself for a careful stody of s~rcll  
books a s  Illacll's. Tliere are mang teachers 
of elementary nlechanics to-clay, who, while 
abhorring metapllj sics, and constantlj  glorify- 
ing experience, never know or can tell just 
what o ~ ~ g l l t  principle of to be cloile with that  ' 
s~~ff icientreason,' a hich, however, as  i t  osecl 
to  be aljpliecl when it  held sway in elementary 
mechanics, was the l r~ost  Inisera bly ' metaphys-
ical '  of a11 confusecl statements. The  no st 
ardent believer in the rational a pr ior i  n i~ l s t  
therefore delight to  fincl, in s ~ ~ c l l  asa book 
Mach's, the fo~rnclation laic1 for future philo- 
sophic inquiry in the clear ancl sensible empiri- 
cism of the author, tentative and transient 
thougll this doctrine itself may prove. Only 
hen the n g u e  aucl m ~ s t i c a l  have been ban- 

ishecl from the mere ternls and axioms of the 
science, can a p1~ilosol)hic s t~ lden t  hope sac-
cessfcrlly to  grapple with the question, < <  IIow 
is empirical science, with certain and fisecl 
results, possible a t  a l l ?  " Every one is  there- 
fore interested i n  sucll undertakings a s  our 
author's,  vhether  one is stuclent of n~echanics  
o r  of logic, or teacher of either ; for  every one 
is interesteel in plain ancl fraiik thinking, free 
from appenls to merely mystical principles. 

I11 concluding, we must call special attention 
to our author's cliscussion of the question of 
absolute and relative motion, which he seems 
t o  LISto have treated mith marvellous skill ; anti 
thus me are obliged unmill~llgly t o  leave a book 
tllat is so  full of learning and suggestion. 

corresponclence of external nature to  our f ~ ~ n -  
damental interests in the simplicity of its phe- 
nomena. Yet  this mystery has the look of the 
genuine philosophic problem, The  new einpir- 
icisrn is not ancl can not be final ; but i t  prom- 
ises to prove a n  excellent beginning, and one 
can a t  least conlrnend it  to those instr~lctors 
in  elementary mechanics who still puzzle tlieir 
pupils mith their use of the old-fashionecl, 
mystical n pr ior i .  Mach's fi~nilamental prin- 

TfIE SATAI-iE-DIINCE OF TIIE AfOQ UIS.  

CAPT.BOCIZI~E a most in- has given ns here 
teresting account of his experience among the 
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