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TRANSLATOR'S P R E F A C E 

The pamphlet of fifty-eight pages entitled Die 

Geschichte und die Wur2el des Sat2es von der Erhaltung 

der Arbeit.^ Vortrag gehalten in der k. bohm. Gesellschafl 

der Wissenschajten a m 15. N o v . i8yi von E. M a c h , Pro­

fessor der Physik an der Universitdt Prag was published 

at Prague in 1872, and a second—unaltered—edition at 

Leipzig (Barth) in 1909. T o this'second edition (pp, 

iv, 60) were added a short preface and a few notes by 

M a c h himself. This preface is translated below. 

Quite apart from the interest which must attach to 

the first sketch of a way of regarding science which has 

become of such great importance to students both of 

science and of the theory of knowledge, this pamphlet is 

quite essential to the thorough understanding of Mach's 

work. In the first place, it contains a reprint of Mach's 

article (1868) on the definition of mass, which is, per­

haps, his most important contribution to mechanics; 

and, in the second place, the discussion of the logical 

root of the principle of the conservation of energy is 

fuller than that in any of his later publications.' 

' In the title of this translation, Arbeit is translated by Energy, 
as this word conveys a better idea, at the present time, than the older 
and more literal equivalent of Work. In the text, on the other 
hand, the word Work will always be used, as it corresponds more 
closely to the terminology of science at the time of the first publication 
of this essay. 

' Thus, the questions connected with the uniqueness of determi­
nation of events are discussed and illustrated very fully in this essay, 

5 



6 TRANSLATOR'S PREFACE 

It is proper here to give some references to discus­

sions of Mach's point of view in science. 

A fairly good general account of Mach's various 

•works w a s given in Harald Hoflding's lectures on 

m o d e m philosophers held at the University of Copen­

hagen m 1902;^ and another account, with a hostile 

criticism, w a s given by T . Case in his article "Meta­

physics" in the n e w volumes wliich m a k e up the tenth 

edition of the Encyclopaedia Brilannica.^ Often valu­

able criticisms of Mach's position are to be found in the 

reviews of the first and second editions of the Analyse 

der Empfindu'igen written by C. Slumpf,^ Elsas,* 

Lucien Arrcat,' and W . R. Boyce Gibson.^ 

T h e last-named writer speaks' of the "generous 

and it was this essay ihat formed the starting-point of Petzoldl's 
development of the view involved. 

The essay "On the Principle of the Conservation of Energy" 
in Mach's Popular Scientific Lectures (3d ed.. Open Court Publishing 
Co., iSgS, pp. 137-185), though in many respects like the pamphlet 
of 1S72, is not nearly so complete £is it is—a remark made by Hans 
Klcinpeter {Die Erkenntitislheorie der Nalur/orscliung der Gcgenwart, 
Lcip.:ig, 1905, p. 150), who therefore pointed out the need for a 
reprint of this rare pamphlet. 

3 In the German translation, by F. Bendixen, of these lectures 
under the title: Moderne Philosophen (Leipzig, 1905), the part 
relating to Mach is on pp. 104-110. The section devoted to Maxwell, 
ilach. Hertz, Ostwald, and Avenarius is on pp. 97-127. 

•• Vol. X X X , pp. 665-667. Cf. also the references to Mach's 
work in Ludwig BoUzmann's article "Models" {ibid., pp. 788-790.) 

5 Deutsche Liiliralurzciiung, Xr. 27, 3. Juli, 1886. 

" Philosophische ilonalshejie, \'ol. XXIII, p. 207. 

' Rnue Philosophique, 18S7, p. 80. 

8 Hind, X.S., Vol. X, pp. 246-264 (No. 38, April, 1901). 

9 Ibid., p. 253. 
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recognition he [Mach] is always ready to give to any­

one w h o succeeds in improving upon his o w n attempts," 

and "his still more eager readiness to put fact before 

theory. With this eagerness to find out the truth is 

associated a corresponding ardour in developing and 

applying it when found." 

But philosophers seem hardly to have done Justice 

to Mach's work. M a c h himself, indeed, has repeatedly 

disclaimed for himself the n a m e of philosopher; yet, in 

a sense, any m a n w h o forms a general position from 

which to regard, say, science, is a philosopher.'° It 

must be acknowledged that the least satisfactory parts 

of Mach's writings arc those in which he discusses 

mathematical conceptions, such as numbers and the 

continuum; and in which he implies tliat logic is lO be 

founded on a psychological basis; but such things are 

unconnected with the greater part of his valuable work. 

There are three sets of notes to this translation. 

T h e first set, referred to by numerals in the body of the 

text, consists of the notes added by the author to the 

'o Through a reference in the Jahrbuch ilbcr die Fortschritte der 
Malhematik for 1904 (Bd. XXXV, p. 78) I learn that D. Wiktorov 
has published, in Russian, an exposition of Mach's philosophical 
views, in the periodical whose name, translated, is Questions oj Phi­
losophy and Psychology, No. 73 (1904, No. 3), pp. 228-313. 

J. Baumann {Arcltiv jiir systematische Philos., l\', 1897-1898, 
Heft I, October, 1897) gave an account of "Mach's philosophw" 
Cf. also Hor.igswald, Zur Kritik der Hach'schen Philosophic, Berlin, 
1903; and Mach, Erkenntnis und Irrlum, igo6, pp. vii-ix. Adolfo 
Levi ("11 fenomenismo empiristico," Riv. di Fil., T. I., 1909) 
analyzed the theories of knowledge of Mill, Avenarius, Mach, and 
Ostwald. 
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original edition; the second set consists of those added 

by the author to the reprmt of 1909;" and the third set, 

which contains some accoimt of later work by the author 

and others on subjects connected with the history and 

root of the principle of the conservation of work, has 

been added by the translator. Any other notes by the 

translator, added for the purpose of giving fuller refer­

ences, are enclosed in square brackets. 

Professor Jilach has been most k m d in carefully 

reading m y manuscript; and so I trust that not all of 

the fresliness, the force of conviction, and the humour 

of the original are lost in the present translation." 

Philip E. B. Jourdain 
The Manor House 
Broad WINDSOR 

Beaminsxer, Dorset 
November, 1909 

" These notes are translated, with the exception of one correcting 
a misprint in the original edition. 



AUTHOR'S PREFACE TO THE SECOND 
EDITION 

In this pamphlet, which appeared in 1872, I m a d e 

the first attempt to give an adequate exposition of m y 

epistemological standpoint—which is based on a study 

of the physiology of the senses—with respect to science 

as a whole, and to express it more clearly in so far as it 

concerns physics. In it both every metaphysical and 

every one-sided meclianical view of physics were kept 

away, and an arrangement, according to the principle 

of economy of thought, of facts—of what is ascertained 

by the senses—was recommended. T h e investigation 

of the dependence of phenomena on one anotlier was 

pointed out as the aim of natural science. T h e 

digressions, connected with this, on causality, space, 

and time, m a y then have appeared far from the point 

and hasty; but they were developed in m y later writ­

ings, and do not, perhaps, lie so far from the science 

of to-day. Here, too, are to be found the fundamental 

ideas of the Mechanik of 1883,'^ of the Analyse der 

Empfindungen of i886,'^ which was addressed prin-

" [Die Mechanik in ihrer Entivickelung hislorisch-kritisch dar-
gestellt, Leipzig, five editions from 1883 to 1904; English translation 
by T. J. McCormack under the title The Science oj Mechanics, Open 
Court Publishing Co., Chicago, three editions from 1S93 to 1907 (the 
third edition of this is quoted hereafter as Mechanics).] 

'i[Beitrage zur Analyse der Empfindungen, Jena, 1886; Eng. 
trans, by C. M. Williams under the title Contributions to the Analysis 
of-the Sensations, Open Court Publishing Co., Chicago, 1897. .\ 

9 



lO AUTHOR'S PREFACE 

cipally to biologists, in the Wiirmelehre of 1896,''' and in 

the Erkenntnis und Irrliim—a book which treats at 

length questions of the epistemology of physics—of 

1905." 

Certainly it is riglit that, in response to repeated 

demands, this work, which was out of print twelve 

years ago, should appear in an unaltered form. I could 

not have entertained sanguine expectations as to the 

immediate result of m y little work; indeed, m a n y years 

before, PoggendorlT had refused for his Annalen m y 

short essay on the definition of mass, which definition 

IS n o w generally accepted. Wlien M a x Planck wrote, 

fifteen years after I did, on the conservation of energy,"'' 

he had a remark directed against one of m y develop­

ments, without which remark one would have supposed 

that he had not seen m y pamphlet at all. But it was a 

ray of hope for m e when Kirciilioff'^ pronounced, in 

1874, the problem of mechanics to be the complete and 

simplest description of motions, and this nearly corre. 

second, much enlarged, German edition was published at Jena in 
1900 imder the title: Die Analyse der Emjifindungen und das Ver-
hd'.mis des Physischen zum Psychisclien; and a fifth edition appeared 
in 1906.] 

'* [Die Principien der Warmelehre hislorisch-kritisch entwichelt, 
Leipzig, 1S96; 2d ed., 1900. The 2d edition is hereafter referred to 
as Warmelehre.\ 

'? [Erkenntnis ur.d Irrlum. Skizzen zur Psychologic der Forschung, 
Leipzig, 1905; 2d ed., 1906.] 

'^[Das Prinzip der Erhaltung der Energie, Leipzig, 1887; 2d ed., 
igog. The reference to Mach's work of 1872 is on p. 156 of the 
second edition.] 

'7 [Vorlesungen uber mathematische Physik, Bd. I, Mechanik, 
Leipzig, 1874; 4th ed., 1897.] 
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sponded to the economical representation of facts. Helm 

esteemed the principle of the economy of thought and the 

tendency of m y little treatise towards a general science of 

energetics. And, finally, though H. Hertz did not give 

an open expression of his sympathy, yet the utterances 

in his Mechanik of 1894'* coincide as exactly as is pos­

sible with m y o w n , " considering that Hertz was a sup­

porter of the mechanical and atomic physics and a 

follower of Kant. So those whose positions are near 

to mine are not the worst of men. But since, even at 

the present time, when I have almost readied the limit 

of h u m a n age, I can count on m y fingers those whose 

standpoint is more or less near to m y o w n ^ m e n like 

Stallo," W . K . Clifford, J Popper, W . Ostwald, K. 

Pearson,^' F. Wald, and P. D u h c m , not .to speak of the 

younger generation—it is evident that in this con­

nexion w e have to do with a very small minority. I 

cannot, then, share the apprehension that appears to 

lie behind utterances like tliat of M . Planck, = ̂  that 

'8 [Die Prinzipe der Meclianik, Vol. Ill of Hertz's Ges. Werke, 
Leipzig, 1894; Eng. trans, by D. E. Jones and J. T, Wallcy, under 
the title The Principles oj Mechanics, London, iSgy.] 

" [On Hertz's mechanics, see Mach, Mechanics, pp. 54S-555.] 
'"[The Concepts and Theories oj Modern Physics, 4th ed., Lon­

don, 1900.] 
"[The Grammar oj Science, London, 1892; 2d ed., 1900. The 

account of the laws of motion in W. K. Clifford's book: The Common 
Sense oj the Exact Sciences (London, 1885, 5th ed., 1907), which was 
completed by Pearson, agrees with Mach's views; but this statement 
was due, not to Clifford, but to Pearson, whose (see pp viii-ix of the 
work just mentioned) views were developed independently.] 

" [Die Einheit des physicalischen Weltbildes, Leipzig, 1909, 

PP' î -î -] 
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orthodox phj'sics has need of such a powerful speech 

in its defence. Rather do I fear that, with or without 

such speeches, the simple, natural, and indeed inevi­

table reflections which I have tried to stir up will only 

come into their rights very late. 

"Not every physicist is an epistemologist, and not 

even-one must or can be one. Special investigation 

claims a whole man, so also does the theory of knowl­

edge."-^ This must be m y answer to the excessively 

naive demand of a physicist who was justly celebrated 

and is now dead, that I should wait with m y analysis 

of the sensations tmtil we knew the paths of the atoms 

in the brain, from which paths all would easily result. 

T h e physicist who thinks tmder the guidance of a work­

ing hypothesis usually corrects his concepts sufficiently 

by accurate comparison of the theory with observation, 

and has little occasion to trouble himself with the psy-

cholog}' of knowledge. But whoever wishes to criticize 

a theory of knowledge or instruct others about it, must 

know it and have thought it out. I carmot admit that 

m y physicist critics have done this, as I will show with­

out difficulty at the proper place. 
E. Mach 

Vie;.-xa 
May, 1909 
'3 Analyse der Empfindungen, 5th ed., p. 255. 



THE HISTORY A N D T H E R O O T OF T H E 
PRINCIPLE OF T H E CONSERVA­

TION OF ENERGY 





INTRODUCTION 

H E w h o calls to mind the time when he obtamed his 

first view of the world from his mother's teaching 

will surely remember how upside-down and strange 

things then appeared to him. For instance, I recol­

lect the fact that I found great difficulties in two phe­

nomena especially. In the first place, I did not under­

stand how people could like letting themselves be ruled 

by a king even for a minute. T h e second difficulty 

was that which Lessing so deliciously put into an 

epigram, which m a y be roughly rendered: 

"One thing I've often thought is queer," 
Said Jack to Ted, "the which is 
"That wealthy folk upwn our sphere, 
"Alone possess the riches."* 

The many fruitless attempts of my mother to help me 

over these two problems must have led her to form a 

very poor opinion of m y intelligence. 

Everybody will remember similar experiences in his 

own youth. There are two ways of reconciling oneself 

with actuality: either one grows accustomed to the 

puzzles and they trouble one no more, or one learns to 

•"Es ist doch sonderbar bestellt," 
Sprach Hanschen Schlau zu Vetter Fritzen, 
"Dass nur die Reichen in der Welt 
"Das meiste Geld besitzen." 

IS 
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understand them by the help of history and to consider 

them calmly from that point of view. 

Quite analogous difficulties lie in wait for us when 

w e go to school and take up more advanced studies, 

when propositions which have often cost several thou­

sand years' labour of thought are represented to us as 

self-evident. Here too there is only one way to enlight­

enment: historical studies. 

T h e following considerations, which, if I except m y 

reading of Kant and Plerbart, have arisen quite inde­

pendently of the influence of others, are based upon 

some historical studies. T h e reason why, ui discussion 

of these thoughts with able colleagues of mine, I could 

not, as a rale, come to agreement, and why m y col­

leagues always tended to seek the ground of such 

"strange" views in some confusion of mine, was, with­

out doubt, that historical studies are not so generally 

culti\-ated as they should be.' 

However this m a y be, these thoughts, which, as the 

notes and quotations from m y earlier writings show, 

are not of very recent date, but which I have held since 

the year 1862, were not suited for discussion with m y 

colleagues—I, at least, soon tired of such discussions. 

With the exception of some short notices written on the 

occasion of other works and in journals little read by 

physicists, but which m a y suffice to prove m y independ­

ence, I have published nothing about these thoughts. 

I In fact, I have kno%\-n only one man, Josef Popper, with whom 
I could discuss the views exposed here without rousing a horrified 
opposition. Popper and I, indeed, arrived at similar views on many 
points of physics independently of one another, which fact I take 
pleasure in mentioning here. 
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But now, smce some renowned mvestigators have 

begtm to set foot in this provmce, perhaps I, too, may 

bring m y small contribution to the classification of the 

questions with which we are concerned. I must protest 

at once against this investigation being considered a 

metaphysical one. W e are accustomed to call concepts 

metaphysical, if we have forgotten how we reached them. 

One can never lose one's footing, or come into collision 

with facts, if one always keeps in view the path by which 

one has come. This pamphlet merely contains straight­

forward reflections on some facts belonging both to 

natural science and to history. 

Perhaps the following lines will also show the value 

of the historical method in teaching. Indeed, if from 

history one learned nothing else than the variability of 

views, it would be invaluable. Of science, more than 

anything else, Heraclitus's words are true: " O n e can­

not go up the same stream twice." Attempts to fix 

the fair moment by means of textbooks have always 

failed. Let us, then, early get used to the fact that 

science is unfinished, variable. 

Whoever knows only one view or one form of a view 

does not believe that another has ever stood in its 

place, or that another will ever succeed it; he neither 

doubts nor tests. If we extol, as we often do, the 

value of what is called a classical education, we can 

hardly maintain seriously that this results from an eiglit-

years' discipline of declining and conjugating. W e 

believe, rather, that it can do us no harm to know the 

point of view of another eminent nation, so that we can, 

on occasion, put ourselves in a different position from 
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that in which we have been brought up. The essence 

of classical education is historical education. 

But if this is correct, we have a much too narrow 

idea of classical education. Not the Greeks alone 

concern us, but all the cultured peojile of the past. 

Indeed there is, for the investigator of nature, a special 

classical education which consists in the knowledge of 

the historical development of his science. 

Let us not let go the guiding hand of history. His-

torv" has made all; historj' can alter all. Let us expect 

from histor}- all, but first and foremost, and I hope this 

of m y historical investigation, that it may not be too 

tedious. 



n 

ON THE HISTORY OF THE THEOREM OF 
THE CONSERVATION OF WORK 

THE place given to the law of the conservation of 

energy in m o d e m science is such a prominent 

one that the question as to its validity, which I will try 

to answer, obtrudes itself, as it were, of itself. I have 

allowed myself, in the headline, to call the law that of 

the conservation of work, because it appeared to m e 

to be a name which is understood by all and prevents 

wrong ideas. Let us call to mind the considerations, 

laden with misunderstandings, of the great Faraday 

on the "law of the conservation of force," and a well-

known controversy which was not much poorer in ob­

scurities. O ne should say "law of the conservation of 

force" only when one, with J. R. Alaycr, calls "force" 

what Euler called "ejforl" and Poncelct "travail." 

Of course, one cannot find fault with Mayer, who did 

not get his concepts from the schools, for using his own 

peculiar names. 

Usually the theorem of the conservation of work is 

expressed in two forms: 

I. i^s:mv'-l^ZmVo'^ f'S(Xdx-¥ydy+Zdz); or 

2. It is impossible to create work out of nothing, or to con­
struct a perpeluum mobile. 

19 
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This theorem is usually considered as the flower of 

the mechanical view of the world, as the highest and 

most general theorem of natural science, to which the 

thought of many centuries has led. 

I will n o w try to show: 

Firstly, that this theorem, in the second form, is by 

no means so new as one tends to believe; that, indeed, 

almost all eminent investigators had a more or less 

confused idea of it, and since the time of Stevinus and 

Galileo, it has sen-ed as the foundation of the most 

important extensions of the physical sciences. 

Secondly, that this theorem by no means stands and 

falls with the mechanical view of the world, but that 

its logical root is incomparably deeper in our mind than 

that view. 

In the first place, as for the first part of m y assertion, 

the proof must be drawn from original sources. Al­

though, now, Lagrange, in his celebrated historical 

introductions to the sections of the Mccaniqiie analy-

tique,' repeatedly refers to the development of our 

theorem, one soon finds, if one takes the trouble to con­

sult the originals themselves, that in his exposition this 

theorem does not play the part which it played in fact. 

Although, now, the following facts, with the exception 

of a few, coincide with tliose mentioned by Lagrange, 

•we derive from the important passages, gi\'en in exlenso, 

another view than that which is found in Lagrange's 

work. 

I [The first edition of this work was published at Paris in 1788 
(i vol.) under the title Mlchanique analitique, the second at Paris, 
1811-1813 (2 vols.), the third (ed. J. Bertrand), 1853, and the fourth 
(ffiu-.TM, XI, XII, ed. G. Darboux), 1893.] 
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Let me emphasize only some points: 

Simon Stevinus, in his work Hypomnemata mathe-

matica, T o m . IV, D e statica, of 1605,' treats of the 

equilibrium of bodies on inclined planes. 

Over a triangular prism A B C , one side of which, 

A C, is horizontal, an endless cord or chain is slimg, 

to which at equal distances 

apart fourteen balls of 

equal weight are attached, 

as represented in cross-

section in Fig. I. Since 

we can imagine the lower 

symmetrical part of the 

cord A B C taken away, 

Stevinus concludes that 

the four balls on A B hold 

in equilibrium the two balls on B C. For if the equilib­

rium were for a m o m e n t disturbed, it could never subsist: 

the cord would keep moving roimd forever in the same 

direction—we should have a perpetual motion. H e says: 

But if this took place, our row or ring of balls would come 
once more into their original position, and from the same cause 
the eight globes to the left would again be heavier than the six 
to the right, and therefore those eight would sink a second time 
and these six rise, and all the globes would keep up, of them" 
selves, a continuous and unending motion, which is jalse.' 

' Leiden, 1605, p. 34. [According to Moritz Cantor {Vorlesungtn 
iiber Geschichte der Malhematik, H, 2. Aufl., Leipzig, 1900, p. 572), 
this work was first published in 1586, and a Latin translation, by 
Snellius, appeared in 1608. Cf. also Cantor, ibid., pp. 576-577.] 

3 "Atqui hoc si sit, globorura series sive corona eundera situm 
cum priore habebit, cademquc de causa octo globi sinistri pondero-
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Ste\-inus, now, easily derives from this principle 

the laws of equilibrium on the inclined plane and nu­

merous other fruitful consequences. 

In the chapter "Hydrostatics" of the same work, 

p. 114, Ste\-inus sets up the following principle: 

"-A.quam datam, datum sibi intra a q u a m locum ser-

\-are"—a given mass of water preserves within water 

its given place. This principle is demonstrated as 

follows (see Fig. 2 ) : 

For, assuming it to be possible by natural 
'?• *• means, let us suppose that A docs not preserve 

the place assigned to it, but sinks down to D. 
This being posited, the water which succeeds 
A will, for die same reason, also flow dowTi to 
D; A will be forced out of its place in D; 
and thus this body of water, for the conditions 
in it are ever3'where the same, will set up a 
perpetual motion, which is absurd.^ 

F r o m this all the prmciples of hydrostatics are de­

duced- O n tliis occasion Stevinus also first develops 

the thought so fruitful for m o d e m analytical mechanics 

that the equilibrium of a system is not destroyed by 

the addition of rigid connexions. A s w e know, the 

principle of the conser\-ation of the centre of gravity is 

n o w sometimes deduced from d'Alembert's principle 

siores erunt sex de.xtris, ideoque rursus octo illi descendent, sex illi" 
ascendent, istique globi ex sese continuum el aetcrnum motum efficient, 
quod est jalsum." 

*".\ igitur (si ullo modo per naturam fieri possit), locum sibi 
tributum non servato, ac delabatur in D; quibus positis aqua quae 
ipfi A succedit eandem ob causam deffluet in D, eadcmque ab alia 
islinc e.xpclletur, atque adeo aqua haec (cum ubique eadcm ratio sit) 
motum inslilue! perpeluum, quod absurdum juerit." 

file:///-are
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with the help of that remark. If we were to repro­

duce Stevinus's demonstration to-day, w e should have 

to change it slightly. W e find no difficulty in imagin­

ing the cord on the prism possessed of unending uni­

form motion, if all hindrances are thought away, but 

we should protest against the assumption of an accel­

erated motion or even against that of a uniform mo­

tion, if the resistances were not removed. Moreover, 

for greater precision of proof, the string of balls might 

be replaced by a hea\y homogeneous cord of infinite 

flexibility. But all this docs not affect in the least llie 

historical value of Stevinus's thouglits. It is a fact 

that Stevinus deduces apparently much simpler trutlis 

from the principle of an impossible perpetual motion. 

In the process of thought which led Galileo to his 

discoveries at the end of the sixteenth century, the fol­

lowing principle plays an important part: that a body 

in virtue of the velocity acquired in its descent can 

rise exactly as high as it fell. This prmciple, which 

appears frequently and with much clearness in Galileo's 

thought, is simply another form of the principle of 

excluded perpetual motion, as we shall see it is also 

with Huygens. 

Galileo, as we know, arrived at the law of uniformly 

accelerated motion by a priori considerations, as that 

law which was the "simplest and most natural," after 

having first assumed a different law which he was 

compelled to reject. T o verify his law he p>erformed 

experiments with falling bodies on inclined planes, 

measuring the times of descent by the weights of the 

water which flowed out of a small orifice in a large 



24 CONSERVATION OF ENERGY 

vessel In this experiment he assumes, as a fundamental 

principle, that the velocity acquired in descent d o w n an 

inclined plane always corresponds to the vertical height 

descended through, a conclusion which for h i m is the 

immediate outcome of the fact that a body which has 

fallen d o w n one inclined plane can, with the velocity it 

has acquired, rise o n another plane of any inclination 

only to the s a m e vertical height. This principle of 

the height of ascent also led him, as it seems, to the 

law of inertia. Let us hear his o w n masterly words 

in the Dialogo terzo (Opcre, Padova, 1744, T o m . III). 

O n ])age-96 w e read: 

I take it for granted that the velocities acquired by a body 
in descent down planes of different inclinations are equal if the 
heights of those planes are equal.' 

Then he makes Salviati say in the dialogue:* 

VCha.t you say seems verj' probable, but I wish to go farther 
and by an experiment so to increase the probabilitj' of it that it 

s"Accipio, gradus velocitatis ejusdem mobilis super diversas 
planorum inclinationes acquisitos tunc esse aequalcs, cum eorundem 
planorum elevationes aequales sint." 

*"Voi molto prcbabilmente discorrete, m a ollre al veri simile 
voglio con una esperienza crescer tanto la probability, che poco gli 
manchi all'agguagliarfi ad una ben necessaria dimostrazione. Figura-
tevi questo foglio essere una parete eretta al orizzonte, e da un chiodo 
fitto in essa pendere ima palla di piombo d'un'oncia, o due, sospesa 
dal sottil filo A B lungo due, o tre braccia perpendicolare all'orizzonte, 
e nclla parete segnate una linea orizzontale D C segante a squadra il 
perpendicolo A B, il quale sia lontano dalla parete due dita in circa, 
trasfcrcndo poi il filo A B colla palla in A C, lasciata essa palla in 
libcrta, la quale primieramentc vedrcte sccndere dcscrivendo 
I'arco C B U, e di tanto trapassare il termine B, che scorrendo per 
I'arco B D sormontera fino quasi alia segnata parallela C D, restando 
di per vernirvi per piccolissimo inter\'allo, toltogli il precisamente 
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shall amount almost to absolute demonstration. Suppose this 
sheet of paper to be a vertical wall, and from a nail driven in it 
a ball of lead weighing two or three ounces to hang by a very 
fine thread A B four or five feet long. (Fig. 3.) O n the wall 
mark a horizontal line D C perpendicular to the vertical A B, 

arrivarvi dall'impedimento dell'aria, e del filo. Dal che possiamo 
veracemente concludere, che I'impeto acquistato nel punto B dalla 
palla nello scendere per I'arco C B, fu tanto, che basto a risospingcrsi 
per un simile arco B D alia medesima altczza; fatta, e ])iu volte 
rcitcrata cotale esperienza, voglio, che fiechiamo nella parete rascnte 
al perpendicolo ̂ 4 B un chiodo come in E, ovvero in F, che sporga in 
fuori cinque, o sei dita, e questo acciocchii il filo A C tornando come 
prima a riportar la palla C per I'arco C B, giunta che ella sia in B, 
inoppando il filo nel chiodo E, sia costrctta a camminare per la circon-
ferenza B G descritta intorno al centro E, dal che vcdrcmo qucllo, 
che potril far quel medesimo impeto, che dianzi concepizo nel medc-
simo termine B, sospinse I'istesso mobile per I'arco E D all'al-
tezza dell'orizzontale C D. Ora, Signori, voi vedrete con gusto 
condursi la palla all'orizzontale nel punto G, e I'istesso accadere, 
I'intoppo si mctesse piu basso, come in F, dove la palla descriverebbe 
I'arco B J, terminando sempre la sua salita precisamente nella linea 
C D, e quando I'intoppe del chiodo fusse tanto basso, che I'avanzo 
del filo sotto di lui non arivasse all'altezza di C D (il che accadereblic, 
quando fusse piu vicino all punto B, che al segamento dell' .4 B 
coll'orizzontale C D ) , allora il filo cavalcherebbe il chiodo, e segli 
avolgerebbe intorno. Questa esperienza non lascia luogo di dubitare 
della veriti del supposto: imperocche esscndo Ii due archi C B, D B 
equali e similmento posti, I'acquisto di momento fatto per la scesa 
nell'arco C B, e il medesimo, che il fatto per la scesa dcll'arco D B; 
ma il momento acquistato in B per I'arco C B e potente a risospingere 
in su il medesimo mobile per I'arco B D; adunque anco il momento 
acquistato nella scesa D B h eguale u. quello, che sospigne I'istesso 
mobile pel medesimo arco da B in D, sicche universalmente ogni 
momento acquistato per la scesa dun arco e eguale a quello, che 
jiub far risalire I'istesso mobile pel medesimo arco: m a i momenti 
(ulti che fanno risalire per tutti gli archi B D, B G, B J sono eguali, 
rxiicht- son fatti dal istesso medesimo momento acquistato per la 
scesa C B, come mostra I'esperienza: adunque tutti i momenti, che si 
acquistano per le scese negli archi D B, G B,J B sono eguali." 
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which latter ought to hang about two inches from the wall. If 
now the thread .-1 B with the ball attached take the position A C 
and the ball be let go, you will see the ball first descend through 
the arc C B and passing beyond B rise through the arc B D almost 
to the level of the line C D , being prevented from reaching it 
exactly b\- the resistance of the air and the thread. From this 
we may truly conclude that its impetus at the point B, acquired 
by its descent through the arc C B, is sufficient to urge it through 
a similar arc B D to the same height. Having performed this 
experiment and repeated it several times, let us drive in the wall, 

in the projection of the 
Fig. 3. vertical A B, as at E or 
. at /•", a nail five or six 

inches long, so that the 
thread A C, canying as 
before the ball through 
the arc C B , at the 
moment it reaches the 
position A B, shall strike 
the nail E, and the ball 
be thus compelled to move 
up the arc B G described 
about E as centre. Then 
we shall see what the 

same impetus will here accomplish, acquired now as before 
at the same point B, which then drove the same moving 
body through the arc B D to the height of the horizontal C D. 
N o w , gentlemen, you will be pleased to see the ball rise to the 
horizontal line at the point G, and the same thing also happen if the 
nail be placed lower as at F, in which case the ball would describe 
the arc B J , always terminating its ascent precisely at the line 
C D . If the nail be placed so low that the length of thread below it 
does not reach to the height oiC D (which would happen if F were 
nearer^ than to the intersection oi A B with the horizontal C D ) , 
then the thread will \^^nd itself about the nail. This experiment 
leaves no room for doubt as to the truth of the supposition. For 
as the two arcs C B , D B are equal and similariy situated, the 
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momentum acquired in the descent of the arc C B is the same 
as that acquired in the descent of the arc D B ; but the momentum 
acquired at B by the descent through the arc C B is capable of 
driving up the same moving body through the arc B D ; hence 
also the momentum acquired in the descent D B is equal to that 
which drives the same moving body through the same arc from 
B to D, so that in general every momentum acquired in the 
descent of an arc is equal to that which causes the same moving 
body to ascend through the same arc; but all the momenta which 
cause the ascent of all the arcs B D , B G , B J are equal since they 
are made by the same momentum acquired in the descent C B, 
as the experiment shows: therefore all the momenta acquired 
in the descent of the arcs D B , G B , J B are equal. 

The remark relative to the pendulum may be ap­

plied to the inclined plane a n d leads to the law of in­

ertia. W e read o n p. 124:' 

It is plain now that a movable body, starting from rest at A 
and descending down the inclined plane A B, acquires a velocity 
proportional to the in­
crement of its time: K- • 
the velocity possessed 
at B is the greatest of 
the velocities acquired, 
and by its nature 
immutably impressed, 
provided all causes of new acceleration or retardation are taken 
away: I say acceleration, having in view its possible further 
progress along tlie plane extended; retardation, in view of the 

7 "Constat jam, quod mobile e.\ quietc in A descendens per A B, 
gradus acquirit velocitatis juxta temporis ipsius incrementum: 
gradura vero in B esse maximum acquisitorum, et suaptc natura 
immutabiliter impressum, sublatis scilicet causis accelerationis novae, 
aut retardationis: accelerationis inquam, si adhuc super extenso 
piano ulterius progrederetur; retardationis vero, dum sui>cr planum 
acclive B C fit rcflexio: in horizontal! autem G H aequabilis motus 
juxta gradum velocitatis ex .4 in B acquisitae in infinitum cxtenderetur. 
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possibility of its being reversed and made to mount the ascend­
ing plane B C . But in the horizontal plane G H its equable 
motion, according to its velocit>' as acquired in the descent from 
A to B, will be continued ad infinitum. (Fig. 4.) 

Huygens, upon whose shoulders the mantle of Gali­

leo fell, formed a sharper conception of the law of inertia 

a n d generalized the principle respecting the heights of 

ascent which was so fruitful in Galileo's hands. H e 

employed this principle in the solution of the prob­

lem of the centre of oscillation and was perfectly clear in 

the statement that the principle resj^ecting the heights 

of ascent is identical with the principle of excluded 

j>erpetual motion. 

T h e following important passages then occur (Hu-

genii, Horologium oscillatoriuw, pars seciinda). H y ­

potheses: 

If gravit}' did not e.xist, nor the atmosphere obstruct the 
motions of bodies, a body would keep up forever the motion once 
impressed upon it, with equable velocity, in a straight line.* [See 
note I, p. 75.] 

In part four of the Horologium; De centro oscilla-

tionis w e read: 

If any number of weights be set in motion by the force of 
gravity, the common centre of gravity of the weights as a whole 
cannot possibly rise higher than the place which it occupied when 
the motion began. 

That this h\-pothesis of ours may arouse no scruples, we 
will state that it simply means, what no one has ever denied, 
that hea\-}- bodies do not move upwards.—And truly if the dc-
viseis of the new machines who make such futile attempts to 

8 "Si gravitas non esset, ncque acr motui corporum ofiiiceret, 
unumquodque eonim, acceptum semel motum continuaturum velocl-
tate aequabili, secundum lineam rectam." 
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construct a perpetual motion would acquaint themselves with 
this principle, they would easily be brought to see their errors 
and to imdeistand that the thing is utteriy impossible by mechani­
cal means.' 

There is possibly a Jesuitical mental reservation 

contauied in the words "mechanical means." O n e 

might b e led to believe from t h e m that H u y g e n s held 

a non-mechanical perpetual motion as possible. 

T h e generalization of Galileo's principle is still 

m o r e clearly put in Prop. I V of the s a m e chapter: 

If a pendulum, composed of several \yeights, set in motion 
from rest, complete any part of its full oscillation, and from that 
point onwards, the individual weights, with their common con­
nexions dissolved, change their acquired velocities upwards and 
ascend as far as they can, the common centre of gravity of all will 
be carried up to the same altitude with that which it occupied 
before the beginning of the oscillation.'" 

On this last principle, now, which is a generaliza­

tion, applied to a system of masses (see note 2, p. 80), 

» "Si pondera quotlibet, vi gravitatis suae, moveri incipiant; 
non posse centrum gravitatis ex ipsis compositae altius, quam ubi 
incipicnte motu reperiebatur, ascendere. 

"Ipsa vero hypothesis nostra quominus scrupulum moveat, nihil 
aliud sibi veile ostendemus, quam quod nemo unquam ncgavit, 
gravia nempe sursum non ferri.—Et sane, si hac eadem uti scirent 
novorum operum machinatores, qui motum perpetuum irrito conatu 
moliuntur, facile suos ipsi errores deprehendcrent, intelligcrentque 
rem eam mechanica ratione hand quaquam possibilem esse." 

•°"Si pendulum e pluribus ponderibus compositum, atque e 
quiete dimissum, partem quamcunque oscillationis integrae confecerit, 
atque inde porro intelligantur pondera ejus singula, relicto communi 
vinculo, celeritates acquisitas sursum convertere, ac quousque 
possunt ascendere; hoc facto centrum gravitatis ex omnibus com­
positae, ad eandem altitudinem reversum erit, quam ante inceptam 
oscillafionem obtinebat.'' 


