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TRANSLATOR’'S PREFACE TO THE
SECOND ENGLISH EDITION.

SINCE the appearance of the first edition of the
present translation of Mach's Mechanics,* the views
which Professor Mach has advanced on the philoso-
phy of science have found wide and steadily increas-
ing acceptance. Many fruitful and elucidative con-
troversies have sprung from his discussions of the
historical, logical, and psychological foundations of
physical science, and in consideration of the great
ideal success which his works have latterly met with .
in Continental Europe, the time seems ripe for a still
wider dissemination of his views in English-speaking
countries. The study of the history and theory of
science is finding fuller and fuller recognition in our
universities, and it is to be hoped that the present ex-
emplary treatment of the simplest and most typical
branch of physics will stimulate further progress in
this direction.

The text of the present edition, which contains
the extensive additions made by the author to the

* Die Mechansk in ikrev Entwickelung kistovisch-kritisch dargestellt. Von
Dr. Ernst Mach, Professor an der Universitit zu Wien. Mit 257 Abbildungen.
First German edition, 1883. Fourth German edition, 19or. First edition of
the English translation, Chicago, The Open Court Publishing Co., 1893.
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latest German editions, has been thoroughly revised
by the translator. All errors, either of substance or
typography, so far as they have come to the trans-
lator’s notice, have been removed, and in many cases
the phraseology has been altered. The sub-title of
the work has, in compliance with certain criticisms,
also been changed, to accord more with the wording
of the original title and to bring out the idea that the
work treats of the principles of mechanics predomi-
nantly under the aspect of their development (Entwicke-
lung). To avoid confusion in the matter of references,
the main title stands as in the first edition.

The author’s additions, which are conmsiderable,
have' been relegated to the Appendix. This course
has been deemed preferable to that of incorporating
them in the text, first, because the numerous refer-
ences in other works to the pages of the first edition
thus hold good for the present edition also, and sec-
ondly, because with few exceptions the additions are
either supplementary in character, or in answer to
criticisms. A list of the subjects treated in these ad-
ditions is given in the Table of Contents, under the
heading ¢ Appendix” on page xix.

Special reference, however, must be made to the
. additions referring to Hertz's Mechanics (pp. 548-555),
and to the history of the development of Professor
Mach’s own philosophical and scientific views, notably
to his criticisms of the concepts of mass, inertia, ab-
solute motion, etc., on pp. 542-547, 555~574, and 579
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-583. The remarks here made will be found highly
elucidative, while the references given 'to the rich lit-
erature dealing with the history and philosophy of
science will also be found helpful.

As for the rest, the text of the present edition of
the translation is the same as that of the first. It has
had the sanction of the author and the advantage
of revision by Mr. C. s, Peirce, well known for his
studies both of analytical mechanics and of the his-
tory and logic of physics. Mr. Peirce read the proofs
of the first edition and rewrote Sec. 8 in the chapter
on Units and Measures, where the original was in-
applicable to the system commonly taught in this
country. )

THomasJ. McCormack.
LA SaLrg, InL., February, 1g902.



AUTHOR’S PREFACE TO THE TRANS-
LATION.

Having read the proofs of the present translation
of my work, Die Mechanik in ihrer Entwickelung, 1 can
testify that ghe publishers have supplied an excellent,
accurate, and faithful rendering of it, as their previous
translations of essays of mine gave me every reason to
expect. My thanks are due to all concerned, and
especially to Mr. McCormack, whose intelligent care
in the conduct of the translation has led to the dis-
covery of many errors, heretofore overlooked. I may,
thus, confidently hope, that the rise and growth of the
iceas of the great inquirers, which it was my task to
portray, will appear to my new public in distinct and
sharp outlines. E. MacH.

Pracug, April 8th, 1893.



PREFACE TO THE THIRD EDITION.

THAT the interest in the foundations of mechanics
is still unimpaired, is shown by the works published
since 1889 by Budde, P. and J. Friedlinder, H. Hertz,
P. Johannesson, K. Lasswitz, MacGregos, K. Pearson,
J. Petzoldt, Rosenberger, E. Strauss, Vicaire, P.
Volkmann, E. Wohlwill, and others, many of which
are deserving of consideration, even though briefly.

In Prof. Karl Pearson (Grammar of Science, Lon-
don, 1892), I have become acquainted with an inquirer
with whose epistemological views I am in accord at
nearly all essential points, and who has always taken
a frank and courageous stand against all pseudo-
scientific tendencies in science. Mechanics appears
at present to be entering on a new relationship to
physics, as is noticeable particularly in the publica-
tion of H. Hertz. The nascent transformation in our
conception of forces acting at a distance will perhaps
be influenced also by the interesting investigations of
H. Seeliger (‘ Ueber das Newton’sche Gravitations-
gesetz,” Sitsungsbericht der Miinchener Akademie, 1896),
who has shown the incompatibility of a rigorous inter-
pretation of Newton’s law with the assumption of an
unlimited mass of the universe.

VIENNA, January, 1897. E. Mach.
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ing these cases must ever remain the method at once
the most effective and the most natural for laying this
gist and kernel bare. Indeed, it is not too much to
say that it is the only way in which a real comprehen-
sion of the general upshot of mechanics is to be at-
tained.

I have framed my exposition of the subject agree-
ably to these views. It is perhaps a little long, but, on
the other hand, I trust that it is clear. I have not in
every case been able to avoid the use of the abbrevi-
ated and precise terminology of mathematics. To do
so would have been to sacrifice matter to form; for the
language of everyday life has not yet grown to be suf-
ficiently accurate for the purposes of so exact a science
as mechanics.

The elucidations which I here offer are, in part,
substantially contained’ in my treatise, Die Geschichte
und die Wurszel des Satzes von der Erhaltung der Arbeit
(Prague, Calve, 1872). At a later date nearly the same
views were expressed by KiRCHHOFF (Vorlesungen diber
mathemaltische Physik: Mechanik, Leipsic, 1874) and by
HewMuoLrz (Die Thatsachen in der Wakrnehmung,
Berlin, 1879), and have since become commonplace
enough. Still the matter, as I conceive it, does not
seem to have been exhausted, and I cannot deem my
exposition to be at all superfluous.

In my fundamental conception of the nature of sci-
ence as Economy of Thought,—a view which I in-
dicated both in the treatise above cited and in my
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pamphlet, Die Gestalten der Flissigkest (Prague, Calve,
1872), and which I somewhat more extensively devel-
oped in my academical memorial address, Die 6kono-
mische Natur der physikalischen Forschung (Vienna, Ge-
rold, 1882,—I no Ionger stand alone. I have been
much gratified to find closely allied ideas developed,
in an original manner, by Dr. R. AvENarius (Philoso-
phie als Denken der Welt, gemdss dem Princip des klein-
sten Kraftmaasses, Leipsic, Fues, 1876). Regard for
the true endeavor of philosophy, that of guiding into
one common stream the many rills of knowledge, will
not be found wanting in my work, although it takes a
determined stand against the encroachments of meta-
physical methods. .

The questions here dealt with have occupied me
since my earliest youth, when my interest for them was
powerfully stimulated by the beautiful introductions of
L AGRANGE to the chapters of his Analytic Mechanics, as
well as by the lucid and lively tract of JoLLy, Principien
der Mechanik (Stuttgart, 1852). If DUEHRING'S esti-
mable work, Kritische Geschichte der Principien der Me-
chanik (Berlin, 1873), did not particularly influence
me, it was that at the time of its appearance, my ideas
had been not only substantially worked out, but actually
published. Nevertheless, the reader will, at least on
the destructive side, find many points of agreement
between Diihring’s criticisms and those here expressed.

The new apparatus for the illustration of the sub-
ject, here figured and described, were designed entirely
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by me and constructed by Mr. F. Hajek, the mechani-
cian of the physical institute under my control.

In less immediate connection with the text stand
the fac-simile reproductions of old originals in my pos-
session. The quaint and naive traits of the great in-
quirers, which find in them their expression, have al-
ways exerted upon me a refreshing influence in my
studies, and 1 have desired that my readers should
share this pleasure with me.

E. Maci.

Pracuk, May, 1883.



PREFACE TO THE ' SECOND EDITION.

IN consequence of the kind reception which this
Book has met with, a very large edition has been ex-
hausted in less than five years. This circumstance and
the treatises that have since then appeared of E. Wohl-
will, H. Streintz, L. Lange, J. Epstein, F. A. Miiller,
J. Popper, G. Helm, M. Planck, F. Poske, and others
are evidence of the gratifying fact that at the present
day questions relating to the theory of coghition are
pursued with interest, which twenty years ago scarcely
anybody noticed.

As a thoroughgoing revision of my work did not
yet seem to me to be expedient, I have restricted my-
self, so far as the text is concerned, to the correction
of typographical errors, and have referred to the works
that have appeared since its original publication, as
far,as possible, in a few appendices.

E. Mach.
PRrAGUE, June, 1888.
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THE present volume is not a treatise upon the ap-
plication of the principles of mechanics. Its aim is
to clear up ideas, expose the real significance of the
matter, and get rid of metaphysical obscurities. The
little mathematics it contains is merely secondary to
this purpose.

Mechanics will here be treated, not as a branch of
mathematics, but as one of the physical sciences. If
the reader’s interest is in that side of the subject, if
he is curious to know how the principles of mechanics
have been ascertained, from what sources they take
their origin, and how far they can be regarded as
permanent acquisitions, he will find, I hope, in these
pages some enlightenment. All this, the positive and
physical essence of mechanics, which makes its chief
and highest interest for a student of nature, is in ex-
isting treatises completely buried and concealed be-
neath a mass of technical considerations.

The gist and kernel of mechanical ideas has in al-
most every case grown up in the investigation of very
simple and special cases of mechanical processes; and
the analysis of the history of the discussions concern-
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THE number of the friends of this work appears to
have increased in the course of seventeen years, and
the partial consideration which my expositions have
received in the writings of Boltzmann, Féppl, Hertz,
Love, Maggi, Pearson, and Slate, have awakened in
me the hope that my work shall not have been in
vain. Especial gratification has been afforded me by
finding in J. B. Stallo (ZTke Concepts of Modern Physics)
another staunch ally in my attitude toward mechanics,
and in W. K. Clifford (Zectures and Essays and The
Common Sense of the Exact Sciences), a thinker of kin-
dred aims and points of view. -

New books and criticisms touching on my discus-
sions have received attention in ‘special additions,
which in some instances have assumed considerable
proportions. Of these strictures, O. Holder’s note on
my criticism of the Archimedean deduction (Denken
und Anschauung in der Geomelrie, p. 63, note 62) has
been of special value, inasmuch as it afforded me the
opportunity of establishing my view on still firmer
foundations (see pages 512-517). I do not at all dis-
pute that rigorous demonstrations ‘are as possible in
mechanics as in mathematics. But with respect to
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the Archimedean and certain other deductions, I am
still of the opinion that my position is the correct
one.

Other slight corrections in my work may have
been made necessary by detailed historical research,
but upon the whole I am of the opinion that I have
correctly portrayed the picture of the transformations
through which mechanics has passed, and presumably
will pass. The original text, from which the later in-
sertions are quite distinct, could therefore remain as
it first stood in the first edition. I also desire that no
changes shall be made in it even if after my death a
new edition should become necessary.

E. Macs.
VIENNA, January, 1gol.
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INTRODUCTION.

1. THaT branch of physics which is at once the old- Thescience
est and the simplest and which is therefore treated foaocham
as introductory to other departments of this science,
is concerned with the motions and equilibrium of
masses. It bears the name of mechanics.

2. The history of the development of mechanics,
is quite indispensable to a full comprehension of the
science in its present condition. It also affords a sim-
ple and instructive example of the processes by which
natural science generally is developed.

An instinctive, irreflective knowledge of the processes Instinctive

. . R knowledge.
of nature will doubtless always precede the scientific, ‘
conscious apprehension, or investigation, of phenom-
ena. The former is the outcome of the relation in
which the processes of nature stand to the satisfac-
tion of our wants. The acquisition of the most ele-
mentary truth does not devolve upon the individual
alone: it is pre-effected in the development of the race.

In point of fact, it is necessary to make a dis- Mechanical
tinction between mechanical experience and mechan- **?*"*"***
ical science, in the sense in which the latter term is at
present employed. Mechanical experiences are, un-
questionably, very old. If we carefully examine the
ancient Egyptian and Assyrian monuments, we shall
find there pictorial representations of many kinds of
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Theme- implements and mechanical contrivances; but ac-

chanical

knowledge counts of the scientific knowledge of these peoples

of antiquity

are either totally lacking, or point conclusively to a

very inferior grade of attainment. By the side of

1814

Have we
underrated
it?

highly ingenious ap- ~

pliances, we behold
the crudest and rough-

| est expedients em-

ployed—as the use of
sleds, for instance, for
the transportation of
enormous blocks of
stone. All bears an
instinctive, unperfec-
ted, accidental char-
acter.

So, too, prehistoric
graves contain imple-
ments whose construc-
tion and employment
imply no little skill
and much mechanical
experience. Thus,long
before theory was
dreamed of, imple-
ments, machines, me-
chanical experien-
ces, and mechanical
knowledge were abun-
dant.

3. The idea often
suggests itself that
perhaps the incom-
plete accounts we pos-
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sess have led us to underrate the science of the ancient
world. Passages occur in ancient authors which seem
to indicate a profounder knowledge than we are wont
to ascribe to those nations. Take, for instance, the
following passage from Vitruvius, De Architectura,
Lib. V, Cap. 111, 6:

¢ The voice is a flowing breath, made sensible to A passage
«‘the organ of hearing by the movements it produces fog V™
«in the air. It is propagated in infinite numbers of
¢scircular zones - exactly as when a stone is thrown
¢“into a pool of standing water countless circular un-
¢¢dulations are generated therein, which, increasing
“as they recede from the centre, spread out over a
«¢ great distance, unless the narrowness of the locality
‘“or some obstacle prevent their reaching their ter-
<« mination ; for the first line of waves, when impeded
‘¢ by obstructions, throw by their backward swell the
¢succeeding circular lines of waves into confusion.
«Conformably to the very same law, the voice also
¢¢ generates circular motions ; but with this distinction,
¢¢ that in water the circles, remaining upon the surface,
¢rare propagated horizontally only, while the voice is
spropagated both horizontally and vertically."”

Does not this sound like the imperfect exposition Controvert-
of a popular author, drawn from more accurate disqui- idineesT
sitions now lost? In what a strange light should we
ourselves appear, centuries hence, if our popular lit-
erature, which by reason of its quantity is less easily
destructible, should alone outlive the productions of
science? This too favorable view, however, is very
rudely shaken by the multitude of other passages con-
taining such crude and patent errors as cannot be con-
ceived to exist in any high stage of scientific culture.

(See Appendix, L., p. 509.)
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4 THE SCIENCKE OF MECHANICS,

4. When, where, and in what manner the develop-
ment of science actually began, is at this day difficult
historically to determine. It appears reasonable to
assume, however, that the instinctive gathering of ex-
periential facts preceded the scientific classification of
them. Traces of this process may still be detected in
the science of to-day; indeed, they are to be met with,
now and then, in ourselves. The experiments that
man heedlessly and instinctively makes in his strug-
gles to satisfy his wants, are just as thoughtlessly and
unconsciously applied. Here, for instance, belong the
primitive experiments concerning the application of
the lever in all its manifold forms. But the things
that are thus unthinkingly and instinctively discovered,
can never appear as peculiar, can never strike us as
surprising, and as a rule therefore will never supply an
impetus to further thought.

The transition from this stage to the classified,
scientific knowledge and apprehension of facts, first be-
comes possible on the rise of special classes and pro-
fessions who make the satisfaction of definite social
wants their lifelong vocation. A class of this sort oc-
cupies itself with particular kinds of natural processes.
The individuals of the class change; old members
drop out, and new ones come in. Thus arises a need
of imparting to those who are newly come in, the
stock of experience and knowledge already possessed ;
a need of acquainting them with the conditions of the
attainment of a definite end so that the result may be
determined beforehand. The communication of knowl-
edge is thus the first occasion that compels distinct re-
flection, as everybody can still observe in himself.
Further, that which the old members of a guild me-
chanically pursue, strikes a new member as unusual
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and strange, and thus an impulse is given to fresh re-
flection and investigation.

‘When we wish to bring to the knowledge of a per- Involves
son any phenomena or processes of nature, we have oacription.
the choice of two methods : we may allow the person to
observe matters for himself, when instruction comes
to an end ; or, we may describe to him the phenomena
In some way, so as to save him the trouble of per-
sonally making anew each experiment. Description,
Liowever, is only possible of events that constantly re-
cur, or of events that are made up of component
parts that constantly recur. That only can be de-
scribed, and conceptually represented which is uniform
and conformable to law; for description presupposes
the employment of names by which to.designate its
elements ; and names can acquire meanings only when
applied to elements that constantly reappear.

5. In the infinite variety of nature many ordinary A onitary
events occur ; while others appear uncommon, per- of natare.
plexing, astonishing, or even contradictory to the or-
dinary run of things. As long as this is the case we
do not possess a well-settled and unitary conception of
nature. Thence is imposed the task of everywhere
seeking out in the natural phenomena those elements
that are the same, and that amid all multiplicity are
ever present. By this means, on the one hand, the
most economical and briefest description and com-
munication are rendered possible; and on the other, The nature

. . . of know!-
when once a person has acquired the skill of recog- edge.
nising these permanent eléments throughout the great-
est range and variety of phenomena, of seeing them in
-the same, this ability leads to a comprekensive, compact,
consistent, and facile conception of the facts. When once
we have reached the point where we are everywhere
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able to detect the same few simple elements, combin-

thoughts to ing in the ordinary manner, then they appear to us as

facts.

The econ-
omy of
thought.

Further de-

velopment
of these
ideas.

things that are familiar; we are no longer surprised,
there is nothing new or strange to us in the phenom-
ena, we feel at home with them, they no longer per-
plex us, they are explained. 1t is a process of adaptation
of thoughts to facts with which we are here concerned.

6. Economy of communication and of apprehen-
sion is of the very essence of science. Herein lies
its pacificatory, its enlightening, its refining element.
Herein, too, we possess an unerring guide to the his-
torical origin of science. In the beginning, all economy
had in immediate view the satisfaction simply of bodily
wants. With the artisan, and still more so with the
investigator, the concisest and simplest possible knowl-
edge of a given province of natural phenomena—a
knowledge that is attained with the least intellectual
expenditure—naturally becomes in itself an econom-
ical aim ; but though it was at first a means to an end,
when the mental motives connected therewith are once
developed and demand their satisfaction, all thought
of its original purpose, the personal need, disappears.

To find, then, what remains unaltered in the phe-
nomena of nature, to discover the elements thereof
and the mode of their interconnection and interdepend-
ence—this is the business of physical science. It en-
deavors, by comprehensive and thorough description,
to make the waiting for new experiences unnecessary ;
it seeks to save us the trouble of experimentation, by
making use, for example, of the known interdepend-
ence of phenomena, according to which, if one kind of
event occurs, we may be sure beforehand that a certain
other event will occur. Even in the description itself
labor may be saved, by discovering methods of de-




INTRODUCTION. 7

scribing the greatest possible number of different ob: Their pres-
jects at once and in the concisest manner. All this will :il::nd:‘e:r:l.y
be made clearer by the examination of points of detail propartory
than can be done by a general discussion. It is fitting,
however, to prepare the way, at this stage, for the

most important points of outlook which in the course

of our work we shall have occasion to occupy.

7. We now propose to enter more minutely into the proposed
subject of our inquiries, and, at the same time, without Jastemnt.
making the history of mechanics the chief topic of
discussion, to consider its historical development so
far as this is requisite to an understanding of the pres-
ent state of mechanical science, and so far as it does
not conflict with the unity of treatment of our main
subject. Apart from the consideration that we cannot
afford to neglect the great incentives that it is in our
power to derive from the foremost intellects of all Theincen-

tives de-

epochs, incentives which taken as a whole are more rived from
contact

fruitful than the greatest men of the present day are with the
able to offer, there is no grander, no more intellectually Foo ot the
elevating spectacle than that of the utterances of the world.
fundamental investigators in their gigantic power.
Possessed as yet of no methods, for these were first

created by their labors, and are only rendered compre-
hensible to us by their performances, they grapple with

and subjugate the object of their inquiry, and imprint

upon it the forms of conceptual thought. They that

know the entire course of the developme