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NOTES. 

1 (P. 5.) This letter is dated June 30, 1784, and others, written before 
the specification was drawn up, extend as far as the 22nd July of the same 
year. The specification is, however, dated April 28th, 1784, an inconsistency 
in Muirhead which seems to require explanation. 

2 (P. 9.) Through 113 chapters he is compelled to employ long descrip­
tions for what we express by the word pump. For example: Chap. 1 :­
" Cette cy est une sorte de machine, par laquelle facilement et sans point de 
bruit l'on peut faire monter l'eau d'une fontaine ou d'un fleuve a une propor­
tionnee haulteur . . . . Chap. xvii. : Ceste autre faiyon de machine, par la­
quelle l'on faict pareillemeni monter l'eau d'un lieu des en hault •. . .• Chap. 
lvii. : L'effect de ceste autre fa�on de machine est de faire monter l'eau d'un 
canal a une'juste haulteur," etc. 

3 (P. 11.) Calcul de l'Effet des Machines. 
' (P. 11.) Introduction a la Mecanique Industrielle.-Compare also § 129, 

Chap xii. of this work. 
0 (P. 12.) From a philological point of view, "Kinematics" is incorrect,­

Ampere should rather have said "Kinetics," (Oineti,que). [It is of course 
impossible to make any alt-eration in this direction now in this country, 
where the word Kinetics has already obtained extended use in another sense, 
and there are good reasons for not making any change on the Continent, 
although the word Kinetics has not yet come into general use there.] It 
is in every way better to use the word with a K, as in the language from 
which it has been derived, than with the C which it oweE to its transmission 
through the Latin and French. 

6 (P. 21.) Parerga ii., Chap. iii., § 41, - also Wille und Vorst. ii., 
Chap. xiv. 

,. (P. 35.) It is very remarkable, and has long ago given occasion for 
reflection, that ·we so seldom find definitions of the machine which agree with 
each other. 'l'he following examples show how uncertain, and often how 
altogether indefinite, have been the attempts made to define the machine even 
by those who must have kno,vn the thing itself. 

We is b ac  h. "Machines are all those artificial arrangement.a, by means of 
which forces are made to act in a way differing from that in which they would 
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otherwise have acted." Any tool whatever ; a needle, a pencil, &c., is therefore 
by itself a machine. 

Pon_c e l  et. " The industrial . . . . machines have for their purpose the 
performing of certain work by the help of 01otors or moving forces provided 
for us by nature/' An explanation full of restx:ictions, which gives us only one 
of the purposes of the machine. 

B resson. "A machine is a tool of which the general purpose is the trans­
ference of a force from its point of application to a position where it can act 
so as to overcome a resistance, and execute work which it would be difficult, 
and sometimes impossible for the san1e force to execute if applied directly." 
vV.hat then is a "tool ? " And how does " so1netimes " find its ,vay into a 
scientific definition? 

Riihlmahnn. Geostatik, 3rd Edit., 1860. "By the nan1e machine, we 
indicate a combination of rigid bodies, moveable and immoveable, into a rigid 
unalterable' free' (lQse) system, by means of which forces, through changes 
in their direction and magnitude, may be made to balance each other." He 
has explained in an earlier part of the work what a " free " system is. Ac­
cording to this <.lefinition, a suspended iron chain would be a machine ; an 
hydraulic press, however, could not receive that name, for the water is not a 
rigid body. 

Rii h hn a n  n. Geostatik, 2nd Edit., 1845. Almost exactly as Weisbach. 
R ii h l m a n  n. A llgemeine Maschinenlehre, i. ( 1862). "The machine is a 

combination of moveable and immoveable rigid bodies which serves to receive 
physical forces and to transmit them, changing if required their direction and 
1nagnitude, in a 111anner suitable for the perfonnance of definite mechanical 
·work." Here are three definitions coruing to us from the san1e pen: to which 
shall we trust ? 

Ka y s er. " Machines are arrangements which transmit the action of 
forces in order to balance or to overcome other forces, and to produce motions 
for definite purposes." This covers, e.g., the tow-line of a sh�p. 

Schr a d e r. "A machine is an arrangement for the alteration of a given 
force." Very concise, but somewhat difficult to understand. What is it to 
"alter a given forceh" ? 

W e r n i c k  e. "A machine is a combination of bodies, of which the 
purpose is the accomplishment of any work by some disposable force." The 
first few words sound like a definition, the conclusion, however, becomes 
altogether indefinite. 

Poppe. "By machines, we mean those artificial arrangements by which 
rnotions may with advantage be produced, prevented, or transmitted in definite 
directions." What has "advantage" to do with science? }lotions also cannot 
be produced by " arrangements ; " and so on. 

Del a  u n a y. (Analytische Mechanik, 1868.) "A machine is an apparatus 
which serves to transmit mechanical energy, or also, to make a force to aot at 
a point which does not lie in its own direction." Again, only characteristics, 
no explanation, no rigid definition ; and that fatal " or also I " 

W i 11 is. " An instrument, by means of which we may produce any 
r e  l a  ti o n  s of  rn o t i  o n  between two pieces." We might call this definition an 
eqnation "ith two unknowns. 



587 NOTES. 

[I think Prof. neuleaux is mistaken in giving this as Willis's d efin i t i o n  of 
a machine. ,vmis 1nerely says (Preface, 1st Ed., p. xiii.)-" ..t .. instead. of 
considering a machine to be an instrument by means of which we may change 

the direction and velo<;jty of agiven motion, I have treated it as an instnmlent by 
Dleans of w}µ�h ...t. ," etc. He nowhere givea a formal definition of a machine, 
but in 9ne ple..oe (Pre�Qe, p. iv.) describes it in asentence which- more nearly 
agr�s with J1el).}ea_1.q'i definition than any other I have seen, although it 
certainly� Jitill incon1plete :-" Every machine will be found to consist of a 
train of pieces connected together in various ways, sa th�t if one be made to 
u1ove, they all receive a n1otion, the relation of which to that of the first is 
govemeJ by the nature of the connection."]

Giu l io. "An arrangement which is designed to reeeive motion nom the 
action of a motor, to alter this motion, and to transmit it to an instrument 
formed so as to execute any kind of work.t" This gives certain characteristics 
of the machine, not, however, what it actually is. 

Lab o  u 1 a ye. "'\Ve give the name machine toa system of bodies which is 
intended to transmit the work of forces, and consequently both to alter the 
intensity of the ·forces, and • to make the velocity and direction of the motion 
produced such as is suitable for the purpoAe in view.t" What is a" system of 
bodies ? " is it sufficient that it should be " intended " for all this ? and so on. 

Be l a n g e r. " A machine is a body (on e  body ?) or a number of bodies 
intended to receive at one point certain forces, and at other points to exert certain 
forces, the latter being in general different from the former, both in intensity
and direction, and in the · velocity of the point at which they a.re exerted." 
Aga in the "intention." The whole also is a description, not a definition. 

Hat on.- "A machine is an apparatus which is intended to connect a motor 
with the material to be worked upon." Apparatus, motor, material to be 
worked on, connection? ]from a logical point of view, how many riddles! 

The reader may fairly exclaim DaVUI ,um, no,a Oedipua ! 
Las tly, P i e r e r's U1'iversal Lemkon (? Hulsse). "Machine-an arrange­

mentby which a motion, i.&, a change of place or of farm, may be given to a 
body, by which, that is, in general, some work may be done or mechanical 

effect obtained." This is only descriptive, and suits a multitude of things 
which are not machines. 

lThe definition I have quoted from WilHs is certainly more accui:ate than 
any of those which have followed it, it is indeed so obviously better than most 
of them tha.t it is matter for wonder that it has not been geij.erally adopted. 

In order simply to shew to what extent indefinite definitions have passed 
current here also, and not from any dui110 to criticise, I may add th� fallowing 
toPr.e>i :Reuleaux's catalogue :-

Hart (1844). "A machine i1 defined to be an iRstrument, by means of 
which a given for�a is ca.used to make equilibrium with a resistance to which 
it is either unequal, 91 not directly opposed." 

Goodwin (1851 ). " Any contrivance by whichforceis transmitted fr-0m one 
point to another, or by means of which force is modified with respect to direc­
tion or intensity, is called a machine." Goodwin expressly includes as machines 
an oar, a po�er, etc. 

Galbraith and Haughton. " A machine is an instrument, by means of 
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which pressure or motion may be transmitted from one point to nnothet, and 
altered both in magnitude and direction." 

Goodeve (1860). "A machine may be defined to be an assemblage of 
moving parts, constructed for the purpose of transmitting motion or force; 
and of modifying, in various ways, the motion or force so transmitted." 

Rankine. "l\fachines are bodies, or asseinblages of bodies, which transmit 
and modify motion and force. The word 'machine,' in its widest sense, may 
be applied to every material substance and system, and to the material universe 
itself ; but it is usually restricted to works of human art, and in that restricted 
sense it is used in this treatise." 

Todhunter. " Machines are instruments used for communicating motion 
to bodies, for changing the motion of bodies, or for preventing the motion of 
bodies." 

Magnus (1875). "A machine is an instrument by means of which a 
force applied at one point is able to exert, at some other point, a force 
differing in direction and intensity." 

I conclude that t.he authors, some of them very distinguished men, whom I 
have cited, can hardly have been satisfied with their own definitions, which, 
indeed, ought not strictly speaking to receive that name at all, so far as the 
machine is concerned. Almost without exception the machine is an "instru­
ment," a " contrivance," an " assemblage of bodies," by means of which some­
thing is done or can be done. This something is the thing defined in each 
case, tile machine itself is quite left out. It is instructive to note also how 
completely the idea of the " fix e d  l i n k," which will be found presently to be 
of absolutely vital importance, is absent from most of them. Prof. Rankine 
recogniRed ·it.,* (although it is excluded by his definition, if "a body" can be 
a machine), but it is expressly or tacitly excluded by most of the other writers.] 

The reader must not be surprised that I have placed here beside each other 
names of such very various degrees of importance, nor that I have onlitted 
others which are so well known, e.g., M o s e l e y, Bend t e n b a c her, Jolly, 
Karmarsch, H olzmann, and among the older authors Lan gsdorf, 
Ey t e l w e i n  and others. These authors give no definition of the machine. 
They consistently avoid it, going at once into cJassification and description. I 
have given so many examples in order to show the more clearly that no 
authoritative.definition has ever yet been arrived at. 

The older definitions, much more naive than the modem attempts to grasp 
a multitude of phenomena, are by no means uninteresting. Leupold, for ex­
ample, says (TJuatr. Mach.t, 1724) :-" A machine or engine+ is an artificial 
work, by means of which some advantageous motion can be obtained, and 
something rnoved with a saving, either in time or in force, which would not be 
otherwise possible." [The word Riisntzeug, which occurs in this old defini­
tion, and which. I have represented (I cannot say translated) by engine, continued 
in use in Germany until well on in the present century. Prof. Reuleaux 
traces it back to an adaptation by Zeising, 1607, of an old definition of 
Vitruviui..] 

• See J>. 24. 
t ••Rustuu,g," a word covering machinal &mlngements of all kin<ls, and nsed very much as the 

word engi.m was used among us In LeupQld'a time ;-e.g. "Let all the dreadful engines of war," &c. 
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All the definitions which I have given have a comrnon propertyn; they are 
entirely or chiefly d e s c r i p t ive, they do not go down to the eesentials of 
the matter. In criticising them in this way I do not wish to be misunder­
stood ; the question ie not one of lllere criticism, but of the relative import­
ance of the fundamental propositions upon which a scientific study is built 
up, for the whole matter begins with the definition. It may be objected to 
this that the definition can in this case only be determined after the object 
defined has been thor_oughly investigated,- -its position at the beginning is 
therefore artificial. The statemen� is perfectly true : it is, and must be, true 
however for every definition. The beginning m u st presuppose the end. 
A scientific study is not a chronological account of its own investigations. It 
is not necessary, ho,vever, that the learner should know at the very com­
mencement_the full meaning of the definitions. The explanation and develop-
1nent of the subject, as they are carried on, refer him back always to these first 
propositions, which he finds, as he proceeds, to be a mirror in which he can see 
a reflection of each later one,n-until at the end of his work he discovers the 
full and complete justification of the definitions with which he started. It has 
seemed to grow more and more full of meaning as he advanced, nntil finally 
it has shown itself to be a true representation of the whole matter in a forn1 
of the greatest possible conciseness. 

An incomplete or n1erely descriptive definition forming the key-stone of 
any branch of science reflects the condition in which that study must be. 
We shall have an opportunity of showing in the course of this ,vork how 
the n1achine has gradually shaken itself free from the problems of Pure 
Mechanics.n. The student only of this science, in whose work the machine is 
1nerely an accident, does not feel the drawbacks of its incorrect definition. 
Nor do these present themselvesn-even to the engineering student, so long as 
his science has not yet been put in the form of rigidly logical propositions. 
I cannot do better than quote here an excellent sentence from Mill (Logic I., 
bk. i., chap. viii., § 4) bearing upon the subject. He says :-" What is true 
of the definition of any term of Science, is of course true of the definition of 
a science itself ; and accordingly the definition of a science must necessarily 
be progressive and provisional. Any ·extension of kno,vledge or alteration 
in the current opinions respecting the subject matter, may lead to a change 
more or less extensive in the particulars included in the science ; and its 
composition being thus altered, it may easily happen that a different set 
of characteristics will be found better adapted as differentire for defining its 
nan1e.'' 

8 (P. 47.) The immense importance of this proposition will appear 
greater to the reader presently than it can do at present. Its principle seen1s 
to have been hitherto entirely unrecognised. I have found but a single trace 
of it. This is in Chasles (Aper9tt historique aur VOrigine . . .  des Methodes en 
Geometrie,1837, note xx.xiv., p. 408, et seq., and later on), where he speaks of the 
elliptic chuck of Leonardo da Vinci. The consequence in that case of fixing 
another link of the kinematic chain Chasles has taken for an indication of the 
great law of d u a l i nty, upon which he enlarges at great length. His reason­
ing, however, is not well grounded, and goes seriously wrong ; we have here 
not d u a l ity ,  but a most characteristic p l u r a l i ty, which colltaius naturaUy 
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all the consequences which Chasles obtained artificially from the duality, and 
an immense number of others. 

[I have u11ed the word train as synonymous with mechanism through 
this work. I regret that it was omitted, by an oversight, in line 8 of p. 47. 
I would venture to suggest, in connection with this subject, that it would be 
really niore accurate, and in every way better, if the three-bar, five-bar, &c., 
linkworks and celle ( about which so much that is interesting has recently 
been written and done by Peaucellier, Sylvester, Hart, Kempe, and others) 
should rather be called four-bar, six-bar, &c., linkworks respectively. The 
numbers hitherto attached to them are those of the moving links only of the 
kinematic chain. I need hardly point out that the plane in which the two 
fixecl points are supposed to be, and relatively to which some other point 
describes eome particular curve, is in every sense as much a " barn" as any of 
the other links. In view especially of this most interesting subject finding 
its way from the hands of the mathematicians to those of the students, it 
seetns a pity that this most important fact eh1>uld not be recognised in the 
nanu�e given to them. Prof. Sylvest.er distinguishet between the chain and 
the mechanism or train in the special cases mcntioi:ied by calling them linkage 
and linkwork respectively. ] 

9 (P. 72.) It seems suitable to call here particular attention to the fact 
that the two centroids are absolutely reciprocal, that is, that neither of them 
possesses, as a. centroid, any property which the other has not. This may 
a p p e a r  to be the case when ( as in Fig. 21) one of the two curves is fixed.. 
We see, however, from the above problem, that this difference of appearance 
may always be removed, and both the centroids made to move, if another link 
of the chain be fixed. The conditions of both pairs of centroids are identical, 
the fixing of one curve is merely accidental. The difference made by Poinsot 
between Poloid and Serpoloid is precisely the difference due to one of the 
curves being fixed,n-it c!lnnot, however, at least in the study of machines, be 
justified. It muRt be given up in other investigations also, I think, for there 
is no real difference between the two curves ; the particular distinction made 
ie indeed more apt to confuse than to explain, for it eeems to point to the 
exitrtence of 0nly two centroids in a. n1oveable system, while there is no such 
limit to their number ; we have already noticed one case in which there were 
six pairs in one mechanisrn. Mechanisms such as those of Fig. 135 also-the 
spur-wheel train-give further illustrations of the undesirability of making 
this distinction. There the centroids of a : c become a point, as do also those 
of b : c ;  they are therefore no longer visible as curveEI. The centroids of 
d : b, on the other hand, the only ones remaining as curves in the chain, both 
m o v e  if the latter be placed on c, and are therefore absolutely indistinguish­
able. The difference in name cannot therefore be logically justified, and in a 
Science, especiaIJy a young one, whatever cannot be logically jW1tified should 
be carefully kept at a distance, and by no means taken up on mere grounds 
of convenience. I should not have spoken of the matter if it had not been 
for Prof. Aronhold's proposal to call the stationary and moving centroids by 
different names (Polbalin and Polkurve respectively), which has been too 
hastily accepted by the younger forces. [I believe Aronhold bas now given 
up the use of the word Polkurve.] My e:xperience has shown me a 

http:Sylvest.er
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hundred ti1nes that the students,-in spite of the reiterations of their teacher-s 
that no logical difference between the things exist,n-do make such a dif­
ference. I hope it may still not be too late to �turn to a correct nomenclature. 
If at any tin1e it be necessary to distinguish between the two curves, it will 
be both correct and sufficient to do so by calling one the stationary �nd the 
other the moving centroid. 

1o (P. 75.) The base circles used in drawing the profiles of involute 
teeth are secondary centroids of this kind. The third centroid is the straight 
line, rolling on these centroids, of which a point generates the pro.Jiles: 

11 (P. 80.) [The theorem is contained in Poinsot's celebrated memoir TM<J'r'U 
nouvelle de la Rotation des Corps, presented to the French Institute in 1834, 
and afterwards published in an extended form in Liouvilles Journal, vol. xvi� 
pp. 9-129 and 289-336 (Mareh, 1851). A trannslation (by Whitley) of the original 
.paper was published at Cambridge in 1834. The theorem referred to is stated 
as follows : " The most general motion of which a body is capable is . . • •  that 
of a certain external sere"· which turns in the corresponding internal screw." 
The same paper contains also the first enunciation and proof of the theorem : 
" the rotatory motion of a body about an axis which incessantly varies its 
position round a fixed point is identical with the motion of a certain cone 
whose vertex coincides with this point, aud which roHs, without sliding, on 
the surface of a fixed cone having the same vertex." The simple treat.Inent of 
such a problen1 which we now adopt was not possible forty years ago ; 
Poinsot's reasoning included the ideas of force and velocity, instead of merely 
the notion of change of position.] 

a (P. 80.) [Trait! de Cinematiq_ue, 1864. .Belanger here re-states Poinsot's 
theorems of 1notions in a plane and about a point (PP: 55 and 58), and gives 
the following theorems respecting general motion in space (p. 59) : - "  Tout 
mouvement continu d'un systeme invariable equivaut au roulement d'un 
c6ne lie au systeme, sur un autre c6ne qui aurait un 1nouvement de translation 
dans l'espace, le premier c6ne etant le lieu geometrique dans le corps en 
mouvement, des· axes instantanes de sa rotation autour du point choisi ; le second 
c6ne etant le lieu des memes axes instantanes dans le systeme de comparaison 
en translation" . . n. .  (p. 79) " II faut ajouter ici que ce m�me mouvement 
equivaut a celui d'une surface reglee qui, etant Hee au systeme, toucherait 
continuellement, suivant une generatrice, une autre surface reglee fi.xe dans 
l'espace, sur laquelle elle roulerait en glissant a chaque instant le long de la 
generatrice de contact des deux surfaces. En effet, les positions successives 
dans l'espace, de l' axe instantane de rotation et de glissement, forment une 
surface :r:eglee, c'est le surface immobile ; et les p9sitions de ce meme axe 
instantane, relativement an systeme ou corps mobile, forment une autre 
surface reglee mobile, emportant le corps avec elle." 

Prof. Ball points out (Theory of Screws, p. xix., etc.) that the discovery of 
.the theore1n given in § 12, the " canonical fonn" of the displacement of a 
rigid body, is due to Chasles. In view of Ball's most interesting investi­
gations, aR well as of the more elementary treatment of the 1;1ubject now 
adopted in other books, I regret that Prof. Reuleaux adheres to the view taken 
on page 83, where twisting is expressed as a rolling about two axes, one at an 
infinite distance. This conception seems rather to add difficulty to, than 



592 NOTES. 

to simplify, that of the twist pure and simple, which for every reason it 
appears to rue better to treat as the ulti1nate and general case.] 

11 (pp. 64, 119 and 121). [It must, I think, be admitted that it is very 
desirable to have a sornewhat clearer understanding as to ..the use of these 
names than has hitherto existed. I shall be very glad if the following table 
useist in any way in pro1noting this understanding. It shows the nomencla­
ture I have myself used throughout the book, ,vhich differs somewhata· from 
Professor Reuleaux's, but which agrees ,vith that adopted by our best writers 
on the subject, so far as I have been able to n1ake out a system from their 
references to these curves. The last column requires a word of explanation, 
the rest"of the table, I think, explains itself. The case referred to there will be 
understood by a reference to Fig. 97. Two circles are there in internal con­
tact, of whie;h the larger rolls and the smaller is stationary. It may seem at 
first sight unnecessary to separate this case, for what I have called the peri­
cycloid can always be described as an epicycloid. · The necessity for having a. 
separate name arises, however, fron1 the fact that the curves described by points 
without and within the large rolling circle, that is the curtate and prolate peri­
trochoids, cannot be described as curtate or prolate epi-trochoids. The cardioid 
can be generated as a roulette as a special case both of tbe epi- and the peri­
cycloid. I have retained " curtatea" and " prolatea" for want of better words, 
but they are sometimes singularly inappropriate to the externa) form of the 
curve, in Fig. 96 for example, where the larger ellipse is the curtate curve. 
Professor Cayley's kru-nodal .and ac-nodal hardly seem adapted for popular 
use, and an excellent suggestion of Professor Clifford's,a" loopeda" and " wavy," 
fails also in (external) f>uitability in the case of Fig. 96. 

I use trochoid as the general name for the whole class of curves.] 

TROCHOTD. 
I 

I 
' I

EXTERNAL con.ACT. INTERNAL CONTACT. 

DESCllllllNO 
POIN'r. CIRCLE llCK.LING OREAT):R C\R<.'LE, CIRCLE ROLLING! SMALLER CIRCLF., UPON ROLJ,1NGUPON CIRCLE. I ROLLINO,

STILUORT LINE (EPI-TROCHOIDS.), (HYPO-TROCROIDI!.) (PERI-T&OCHOJD&.) 
{UNEAR TROCHOIDS.) 

Pericycloid.Hypocycloid. Epicycloid.Cycloid.On circle 
Curtate peritro-Cllrtate epitro- Curtate hypotro-Curtate trochoid Beyond circle 

choid.choid.choid. 
Pro�te hypotro-Prolate epitro- Prolate peritro-Prolate trochoid. Within circle 

choid.choid.choid. 

14 (P. 119.) Chasles (AperyU historique sur l'Origine . . . . . .  dea Methode1, 
en Geometrie, 1837), cites Cardano's Opus Novum de Proportionibus Numerorum 
Motuum, etc. 

15 (P. 121.*) '\.Vithout the use of a model it is very difficult for anyone 
unaccustomed to this class of problems to realize fully the nature of the motion 
which occurs here. In my model the curve-triangle, UTQ, is etched upon a 
glass disc, the duangle, PVQW, is engraved upon the plate RPSQ. [Professor 

• The reference is to the top liDe of p. 121, the 6 of the reference number has unfortunately 
been omitt.d iu printlni. 
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R eulea ux's b ea utiful1y mad e n1od els nr e now (�lay 1876) a t  th e E xh ib itio n 
• Of Sc ientific Appara tus a t  Sou th K ens ingto n, wh er e  t hey wil l r en1a in d ur ing 
the su mmert. By draw ing the tr ia ng le ABC w ith its c entrotid upotn papter, a nd 
thedua ngle w it h  its c entro id upo n tracing pa per, the ro ll ing o f  the c entr oids 
a nd the r ela tiv e n1otio n o f  th e elements ca n hot h b e  to lerab ly w ell fol lowed . 
By th is met hod I have fou nd it v ery easy no t o nly to exa mine th e mo tio n, but 
also to dra,v s er ies o f  po int-pa ths for th es e h igh er pa irs o f  ele111 ents.] 

16 (P. 125.) For draw in g th es e  a nd s imilar rou lettes I us e n sp ec ial three­
l egged co mpass, mad e for me by Herr J. K er n  o f  Aarau (Sw itz er la nd). Th e 
th ird l eg is jo inted a nd its l engt h  a lso ca n b e  a lter ed, so tha t  ob tus e as w ell as 
acute-angled tr ia ngles ca n b e  tak en u p, ,v hich co uld no t b e  do ne w ith th e old 
for m of thr ee-l egged co mpasst. 

11 (P. 125.) W ha t  a s trong hold this id ea has ob ta ined is s how n, for 
. exa mp le, in th e fo llowi ng passage fro m \V eissenborn's Oycli1:1chen Kurvm, 
(E ist enac h 1856) p .  3 :•-" If the n' -,,,,••·····:·········-··---._\.t'· c irc le d escr ib ed abo ut ni

0 
rol l 

u po n  that d escr ib ed 11.botut 111, Bo / .'\ '·, ..• a nd if th e d escrib ing po int B0 
\' d escr ib e  the c urvte B0 P1 P2 as \

th e inner c ircle rolls upo n  th e arc �--- : 
I : 

B0b, the n ev id en tly, if the ----- !s mal ler c ircl e b e  fix ed a nd th e 
lar ger o ne ro lled upo n it in a 
d ir ect io n  op pos ite to tha t of the 
for mer ro tatio n, the po int of 
th e gr ea t c ircl e w hich a t  th e 

b eg inning of th e o pera tio n 
co inc id ed w ith B0 d escr ib es 
th e s a m e  l i n e  B0 P1 P2 • 

This " ev idtently" expr ess es the 
usual no tio n, a nd th e o n e  wh ic h  
is s ugges ted by a hasty pr e­

judg ment o f  t he case. I n  po int F10. 445. of factt B
0 

d escr ib es the per icy­
clotid B0 B' B", wh ich cer tai nl y d iff ers s ufficiently fro m th e h ypoc yc lo id 
Bo P1 P2"

C entro ids ar e also o f  v ery gr eat ass is ta nc e  in und ersta nd ing pla netary 
n1ovements, a nd are w ell s ui ted to r emov e the diffic ult ies wh ich co mmo nl y  
occur inco nnec tio n w ith th eir "r eal "  a nd " appar entt " mo tio ns. (I hav e a 

v ery ins truc tiv e  mod el for th is purpos e  in the k ine matic co llec tio n at B erl in.) 
I fw e  tes t  th e id eas h eld by th e majorit y  o f  p eople u po n  t his mat ter, w e  sh all 
p erceiv e  ho w tru e  a r emark o f  Po inso t's ( in th e Memo ir already r ef erred to) 
s till is, - "  Ma is s'il s 'agit d u  mo uvtement d'un corps d e  gra nd eu r  s ens ible 
e t  d e  fi gur e qu e lc o nq u e, ii £ ant co nv enit qu'on ne s'en fa.i t qu'u ne ide e  
tres-obscure . t" 

18 (P.129 .) Th es e  c urv es hav e often enga ged th e a tte ntion of ma th e­
mat icia ns . Cf . S cblonu lch's Zeitechrift, vol . i x., p. 209, Dureg e, Ueber ei.nige

betJonde·re Arten cyklischer Kurvent. 
It Q Q 



a trochoid, a second given curve ; provided 
p that the normals fron1 all points of the 

second curve meet the first." He gives as 

an illustration the production of a straigh 
line by rolling a curve upon a second 
straight line cutting the first. The describ­
ing curve, as can be easily seen, is a loga­
rithmic spiral. If the lines are parallel the 
spiral becomes a circle. 

, 
lit (P. 171.) Suppose the two pieces 

a and b, Fig. 446, to be pressed together 

F10. 446. by some force, P, normal to their surfaces, 
and that these are covered with regularly 

formed teeth whose sides are inclined at a uniform angle, (j>, in the way 
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19 (P. 145.) Open squa1e figures, like A.BCD, give square point paths if 
the centroid of the curved disc be a duangle (conipare Pl. XII. Fig. 1). This 
occurs here, however, if QT be normal to PS. For we have, by similar 

triangles, LlPQ=Lm1 SP, and hence 11,1 P=PR cos lPQ=PS sin lPQ, or (as
2e

PR=PS), tan lPQ=½• The form of the disc must therefore be so chosen 
that the tangent of the angle m1 SP=-0·5, or that m1 P=0·5 1111 S. [I regret 
that the Figures on Pl. XII. L.ave been transposed by mistake. Fig. 1 is 
referred to in the text as Fig. 2, and vice versa.] 

20 (P. 154). Willis (Elements of 1.l[echanism, 2nd Edition, p. 90) gives 
Camus' theorem as follows :-

" If the pinion is to turn the ,vb eel with a uniform force, the curve of its 
leaf, and that of the tooth of the wheel must be generated in the manner of 
epicycloids by one and  the  same d escribing curve,  which must be 
rolled within the circle of the pinion to describe the inner form of the leaf, 
and on the outside of the circle of the ,vheel to describe the outer form of the 
tooth," etc. [Willis gives the quotation from Camus also in the original.] 

(It is very interesting to compare the " solutionse" given in Willis's third 
chapter with this portion of Reuleaux.'s work. vVillis gives the method of § 32 
as the " general solution," his other solutions are all for the special cases of 
circular centroids. With this limitation the first solution corresponds with § 34, 
the second and third are special cases of § 32, and the fourth corresponds with 
§ 33. In a subsequent section he uses the 1nethod ofe§ 35 for pin teeth.] 

si (P. 154.) .Ann. Ph. 1706, p. 379. De la Hire enunciates the proposition 
as follows :-" It is always possible to find a curve which, by revolving upon 
a given base-curve, shall generate by some describing point, in the manner of 

shown in the figure ; the resultant, Q, of the pre_ssures upon the sides of the 
teeth opposed to any intended motion resolves itself into the resistance, P 

to the load and the resistance, F, to the force tending to produce sliding. 
F therefore is = P tan q,.· We could in this way determine, by experiments 
on the " friction of rest," the mean angle of the roughnesses upon the two 
eurfaces in contact. 

I may be permitted to take this opportunity of pointing out the inexactness 
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of the treatment of friction which is eusto1nary in text-books of elen1entary 
Mechanics, and which, in my opinion, is very unfavourable to its proper
comprehension.

There is first the notion that friction prevents moti on, b u t  that  i t  
does  not  produce it. This is the view con1monly taken in theoretical 
text-books. Weisbach, for example ( Theor. Mech. i, 4th Edition, § 167) uses 
the heading,o" the resistances of friction and rigidity," and says in the text, 
" In relation to the motion of bodies friction is a passive  force  or resist­
ance, for it only prevents or retards motion, and never produces or aids it.'' 
Kayser (Statik § 161) says, " Friction may be regarded as a passive force, 
merely hindering motion, and never causing or aiding it." All writers do not 
express themselves so frankly, but the prevailing idea is certainly that friction 
is a " resistance," and substantially this is said by all. Riihlmann is an instance, 
and Wernicke, Mosele, too, and Poncelet, and even Duhamel. A1nong m.odern 
writers even the clear-headed Ritter has adopted the comn1on 1node of expres­
sion, indeed, I have found in text-books no exception whatever to the rule. 
And yet the idea is not founded upon any investigation as to its accuracy, and 
it stands in manifest contradiction to the known Jaws of motion, or more 
generally to the law of the conservation of energy. For friction is a force  
and must itself be treated as one, no matter ,vhether or how it be derived from 
other forces. A multitude of other forces are derived in the san1e sense as it 
is. There is no real reason why this force ( and the stiffness of cords, which 
is generally treated in the same way as friction) should be suddenly ·thrown 
out from all systerr1atic connection with others, why it should be absolutely 
asserted that this force does not possess the essential characteristic of other 

·forces, the capacity, namely, of producing or aiding motion,-why it should 
always appear with the negative sign. We. have here a survival from the 
ancient Mechanics, from which the modern scientific treatment of the subject 
has in some places shaken itself entirely free, and against which, in others, it 
is still struggling. 

It is necessary, of course, to prove n1y position, and it is at the same time 
exceedingly easy. Both in nature and in machinery there are numerous illus­
trations of the falsity of the statement that friction does not produce n1otion. 
The wind sets the surface of water in motion by friction ; the wiud itself is 
retarded by its friction upon the water, the latter being at the same time 
accelerated. The violin-bow sets the string in vibration by friction, in a way 
which Helmholtz describes as follows :-(Sensations of Tone, trans. by Ellis, 
p. 133)-" During the greater part of each vibration the string clings to the 

1bov. , and is carried on by it ; then it suddenly detaches itself and rebounds, 
whereupon it is seized by other points in the bow and again carried for­
ward." If a fast-running belt or cord be slid on to a stationary pulley, it 
elides upon it at first and then, by a more or less gradual operation, sets it 
in motion. The force which acts as a driving force from a velocityo= 0 
to a velocity equal to that of the band is friction. It resists the motion 
of the band, but accelerates that of the pulley. If we look into the matter 
more closely we shall find that in every single case friction both causes 
and hinders motion,-although the former may occur only as sn1&ll alterations 
of form in the borly acted upon. It is not even necessary to fall back upon 
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pure 1nathe1natics, as tnight easily be done, and show that the retardation is 
itself a production of motion, n1otion, that is, with a changed sign. Neither 
upon practical nor upon scientific grounds, therefore, is there any justi­
fication for the popular '\'iew, the correction of which is much to be 
wi·shed, although a nu1nber of connected errors may n1ake such correction 
difficult. 

"oEvery friction causes the diRappearance of actual energy," says Helmholtz, 
in one of his excellent Vortriige (Hft. ii. p. 129). From this undeniable 
proposition it is only too easy to infer the other, and false one, " in every case 
friction causes only the disappearance of actual energy." That friction always 
causes energy to disappear, in no way contradicts the fact that it also produces 
energy. It is therefore not unnecessary to warn students that the proposition
quoted, although in itself true, may lead to sorne very erroneous conclusion!! 
if it be blindly fellowed. Let us take the piston o.f the steam-engine for an 
exnmple. The piston fits the cylinder closely, and loses not inconsiderably 
in actual energy by friction against its sides. Even the keen experimenter 
Ilirn, however, did not succeed in detecting the slightest loss of energy from 
this cause. He himself gives the reason for this quite rightly in saying that 
the energy lost by friction appears again in the correspondingly raised 
temperature of the steam. Heru friction causes the simultaneous disappear­
ance and· re-appearance of energy in such a way that at the end ,ve can 
perceive nothing of the process. 'l'he proposition,o" Every friction causes actual 
energy to disappear," by itself, w.ould not be apparently substantiated by mere 
n1easurement ; if it be given in an explanation of the nature of friction 
(for which purpose Helmholtz did n o t  use it), it must be completed
by the addition of the clause, " and also to reappear in another form." 

I wish that writers upon liechanics could be persuaded to give this matter 
a proper logical trea tn1ent, or at least to say something about it in elen1entary 
t€xt-books. The further down the defect iu logic be mended, the fewer 
corrections have to be made in the higher part of the work. 

Another point to be mentioned is the staten1ent of the laws of  fr ict ion. 
Taking up almost any text-book of liechanics whatever, we find the three 
following important propositions given :-(1) Friction is p r o  p o r t  i o n a l  to 
the normal pressure between the rubbing surfaces ; (2) it is indoependent  
of their extent ; (3) it is i n d  e pendent  of the velocity with which sliding 
takes place between them. These are, as a whole, the propositions of Coulomb 
and Morin. Later, although now by no means recent, experiments have 
sho,vn that they express the real phenomena of the case only within very 
narrow lin1its ; that for those surfaces and velocities which are commonly to be 
found in machinery they do not apply ; that in the latter, in fact, we must 
really read : n o t  p roportional  and not  independent. Indeed we know 
that machine-design has fallen into a hundred errors through its adhesion to 
the propositions of Coulomb and Morin, and in fact that in recent practice they 
have been entirely disregarded, and dimensions adopted which are 11.ltogether
at variance with them. Is it not time that the experiments of Rennie, Hirn, 
Sella, Bochet, and others, were transferred from the notes to the text? It is 
to be desired equally for the sake of mechanical science it.self and for its 1nauy 
practical applications. 
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[I am gl ad  t o  be able t o  po int to at le ast one excelle nt e leme nt ar y  text­
b ook , in w hic h t he resu lts of ex pe rime nt are " transferre d t o  t he text ," - Pr of .  
B all's Experirnental Mechanics. T he exte nt to w hic h inacc ur ate st ateme nts on t his 
subject are m ade by w rite rs of ab ility, w ho are pe rfectly well ac qu ainte d ·with 
t he phys ic al fac ts in quest ion, is re all y ex tr ao rdinaryt. 'l' he follow· ing se nte ncest, 
f or ins tance, occu r on t he fi rs t  page of a wel l- k now n  t re at ise on F ric ti on : - (the 
it alics are m ine) " . . . The sec ond c lass of f orces, c on1 prising the 
res ist ance of fixe d ohst ac les, the resist ance w hic h flui d me di a  oppose t o  the 
pass age of bodies t hr ough t hem, an d f ricttion, are not capable of pr oduc ing 

se ns ib le m ot ion, and show their effects only b y  the appare nt des tr uct ion of the 
tn ot ion ·whic h  has bee n c ause d b y  f orces of the former c lass .  These m ay be 
terme d ' res ist ing ' f orces . . . . Resis ting forces are incapable of producing 
sensible motion, and if the y do not ac tual ly dest roy it t he y  do c onve rt it int o a 

· s pec ies of n1 ot ion whic h  is, to sig ht, inse ns ib le. "] 
23 (P .203.) The series of phe no1 ne na adduce d b y  Lubb ock (Origin qf 

Civilization, etc . L ond. 1870) in s upport of the t he ory of t he u nit y of t he 
hum an race (whic h  is not t o  be c onfuse d wi th t he ir g rowth f rom a s ingle pair) 
is retal ly exttraordinary . 

�• (P. 205 .) C ham iss o (iv . 244) gi ves the follo,vi ng desc ripti on of th is 
and other methods : -

" I n  t he C ar ol ine Isl ands a piece ofw ood is fixe d tothe g rou nd, and over 
it is hel d pe rpe ndicul arly a sec ond piece, ab out a foot a nd a half long, t oler ab ly 

r ou nd, and of t he thick ness of one's thumb . 1.' his is c ause d to twirl b y the 
palms of the hands, its lower and roughly pointe d  en d be ing presse d ag ains t 

t he fixe d piece. T he fi rs t  sl o,v regu lar m oti on is q uicke ne d  and the press!l re 
inc re ase d as t he w ood- dus t, wh ic h  is fon ne d b y  t he frict ion and c ollec ts 
rou nd the b ore r, beg ins t o  c arb onise . 'l' his dus t  is the tinder, and s oon c atc hes 
fire . T he w ome n of Eap possess w onde rfu l f ac ility in exec uti ng this process . 

" I n  Rad ack and the S andw ich Islands t he y  hol d  ove r t he fixe d piece of 
w ood a not her w hic};t is ab out a s pan long and roug hly pointe d, and s lope it s 
uppe r  e nd a.way fr om them at an ang le of ab ou t 30° . I t  is he ld w it h  b ot h  
han ds - the t hu n1bs being pl ace d be low and the finge rs ab ove t o  im prove t he 

g rip, and m ove d b ackw ards and forw ar ds in the plane of its s lope t hrough a 
dh; tance of tw o or t hree inc hes. W he n  t he dus t  w hic h  c ol lects in the g roove 

f orme d b y  t he frict ion beg ins to c arb on iset, t he pressu re and vel oc ity are 
doub let d. 

" I t  is rem ark ab le t ha t  i nb oth met hods t he tw o pieces of w ood use d are of 
the s atne k ind. T he y  are best w he n  of e qu ally fi ne g rain, not t oo hard and 
n ot too pl iab le .  Both meth ods 1eq uire pract ice , sk ill, and patie nce . 

'' 'l' he meth od of the Aleu tians is the firs t of thtose ab ove g ive n, mec hanic ally 
im prove d. Tb'e y  use the hv irling-stic k as t hey do the dr ill w hic h  the y 

em ploy for other pur poses . T he y  hold and pul l one e nd of the c or d, w hic h is 
twiste d twice r ou nd it , wit h b oth hands ; its u ppe r e nd is passe d thr oug h  a 
piece of w ood pre pare d f or t he pur poset,w hic h t he y  hol d  in t he mouth. We h ave 

see n tw o pieces of fi r-wood t hus use d g ive fire in a few sec onds ,- a  res ult 
w hic h ot he rwise "· oul d  have take n a m uc h  l onge r t ime . 

" T he s ame petople als o  produce fi re by st rik ing toget he r  t\\'O s to nes 
r ubbe d w it h  s ulphur ove r  dry m oss st rew n "' ith t he s ame m ate rial." 
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These accounts are clear an d in te llig ible-peculiari ties · wi th which, un­
for tuna tel y, ,ve cannot a lwa ys_ cre dit the correspon ding descr ip tions of o ther 
tr avel lers. I t  is much to be des ire d tha t  e xpe dit ions to remote par ts o f  
the wor l� shou ld a ttach greater in1por tance to object ive observa tion of the 
technica l in dus tries of the natives, an d shoul d tnake their descriptions of 
these as full an d accura te as poss ible, an d unmixe d with subjec tive a ddit­
tionst. The fire-pro ducing apparatus of these people is one of thetir most 
in teres ting possessions ; i t  is in most cases o f  e xtre1nely grea t an ti qui ty ,  a.n d  
has forme d the firs t s tep towar ds their o ther in dustrial opera tions. l\Ian y 
1ne tho ds of fire pro ducing have in dee d been observe d which have escape d the 
no tice of writers on technica l subjec ts . I may men tion briefl y three wh ich 
have been orall y descr ibe d to me b y  e steeme d frien dst . 

Herr Jagor foun d the Mala ys emp lo ying the fo llo wing methodt. Ap iece 
of dr y bamboo , a foot long, is split up leng th wa ys, an d the ten der ins ide bark 
which forn 1s its inner coating is scrape d toge ther into a litt le ball in the middle 
of one of the halves . This half is then p lace d on the groun d ,v ith the hol lo w  
s ide (antd the little baltl) dot w1nvards. The worker then sp lit s so much a wa y  
from the o ther ha lf as to rnake it in to a sharp-e dge d s traight p iece like a kn ifet­
b lade . This he draws l ike a sa w or file across the middle of the firs t piece, in 
which he has perhaps previous ly cut a l ittle notcht. This notch is ,v idene d 
an d deepene d b y  the sa,ving, an d its e dges get so hot that when at las t a hole 
is ma de through the canet, the li ttle ba ll of pith wi thin catches fire. 

Prof. Neumeyer sa,v a simi lar process used in Ne w Ho llan d. Instea d of 
bamboo , woo d  was there use d, an d wherever it was possib le a spl it log wa.s 
11-se d for the fixe d piece . Some eas il y-kin dle d  pi th or other ma teri al was 
place d in the crack, an d the process ,vent on as above descr ibe d. 

Consu l Lindau wi tnesse d the follo wing n 1e tho d of making fire in the 
San dwich Is lan ds .  Some lit ttt le s tones of a kintd wht ich give sparks when 
struck toge ther ,vere place d, a long with easil y igni tab le leavest, in a bo x forme d 
from a large dr y leaf, an d then fastene d to the en d of a s wi t.ch . 'l'hiR wa s 
t wir le d  roun d in the air in a particular manner with great ski ll, so tha t tho 
stones rat tle d agains t each other an d the leaves caught fire . 

The question of the inven tion or discover y o f  fire is no t yet cleare d up. 
Pesche l in his e xce llent Volke·rkunde (1874) deprecates premature conclusions 
on account of the scarci ty of ava ilab le ma terial. Caspari ( Urgeschichte der 
Menschheit, 1873) deve lops fully an d careful ly the h ypo thes is that the use of 
the borer may have le d to its discovery, an d h is h ypo thesis is repea te d  an d 
trea ted at great leng th in Baer-He ll wa ld's Vorg(!,8chichtliche Mensch (pt.554 
et seq.). Here some ver y remarkab le survh·als o f  primi tive cus ton1s are 
po inte d out as having been observe d in Gennan y an d Eng lan d in the kin dling 
of beacon-fires, an d in Appenzell (Switzerlan d) as a chi ld's play. (See Kuhn, 
Herabkunjt des Feutrs, Berlin, 1859 ; Caspari , as above, vol .  i. p .  37 ; Sch warzt, 
Ursprung der Mythowgie, 1860, p .  142t.) Herr Kuthn says that the case at 
Esse de, among the Hanoveri ans , descr ibe d b y  him, is not the only one 
which he has seent. The fire was lit b y  means of a horizon ta l pole, the en ds of 
which were pivo ted in ho llo ws in t wo upright posts . In one of these hollo"·s 
to w was p lace d, an d this was kin dle d  by twirl ing the pole rapi dl y  in both 
direc tionst. Th is was done b y  a cor d twis te d  roun d it, pul le d  at both en ds b y  n1en. 
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21 (P. 206.) See Rau, Drilling in Stone without Jfetal, Smithsonian 
Report, 1868. In the cause of archreological science Rau has made the tre­
mendous sacrifice of completing such a boring with his own hands. With a 
wooden borer such as we have described he pierced a hand plate of Diorite, 
45 mm. thick, by 1naking two hollows on opposite sides and meeting in the 
centre. He succeeded only after two yearR' (more or less intermittent) work. 
The form of the hole made is exactly that of the holes in numerous rude 
axes found in various places in Europe. 

In the Ethnographic department of the Berlin Museum there are several 
excellent specimens of American work in rock crystal, among others a specially 
characteristic carved horse's bead of something like 70 mm. long. .

?\fr. A. R. Wallace, in his Narratfve of Travels on the Amazon and the Rio 
Negro (p. 278), says :-" I no,v sinv several of the Indians with their most 

· peculiar and valued ornament-a cylindrical, opaque, white stone, looking like 
marble, but ,vhich is really quartz i1nperfectly crystallized. 'These stones are 
fron1 four to eight inches long, and about an inch in diameter. They are 
grou!ld round, and flat at the ends, a �1ork of great labour, and are each 
pierced with a hole at one end: through which a string is inserted, to suspend 
it round the neck. It appears almost incredible that they should nwke this 
hole in so hard.:a substance witho:,t any iron instrument for the.purpose. \Vhat 
they are said to use is the pointed flexible leaf shoot of the large wild plan­
tain, triturating with fine sand and a little water ; and I have no doubt it is, as 
it is said to be, a labour of years. Yet it must take a 1nuch longer time to pierce 
that which the Tushuatia wears as the symbol of his authority, for it is gene­
rally of the largest size, and is �,orn transversely across the breast, for which 
purpose a hole is bored lengtlnvays, from one end to the other, an operation
which I was informed sometimes occupies two Jives. The stones themselves 
are procured from a great distance up the river, probably from near its sources 
at the base of the Andes ; they are, t.herefore, highly valued, and it is seldom 
the owner can be induced to part with them, the chiefs scarcely ever." 

16 (P. 208.) This subject is most fully treated by Ginzroth, Wagen und 
Fahrwerke der Griechen, Romer und anderer alter Volker, Munich, 1817 ; also 
\Veiss in 1:1everal places. The four-wheeled vehicle was also in use, especially for 
carrying heavy loads. It bad fixed axles, and was tberefore.n1uch less easily
guided than the two-wheeled one. In India there still exist, in the use of the 
natives, four-wheeled vehicles with a kind of moveable fore-carriage, an 
arrangen1ent which must therefore be considered somewhat ancient. We 
know that the war-chariots of Porns were drawn into the in1mediate neigh­
bourhood of the battle-field by draught oxen and not by horses. This may 
have occurred by no means unfrequently. It may well haTe happened that 
tv.·o of the empty chariots were then sometimes fastened together, the pole of 
the one to the frame of the other, and in this way a vehicle would be formed 
which had separate fore and hind carriages. The great ease with which such 
a compo1,1nd vehicle could be guided must have struck its possessors, and may 
have led to the deliberate use of the revolving fore-carria'5e in regular 
vehicles. 

(P. 208.) Wooden war.chariots would be burnt by the conqueror for 
lack of horses to carry them a"·ay, iron ,ehicles he would rtnder useless by 
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breaking so1ne essential part of them, very much as ·we spike cannon. In 
2 Sam. viii. 4, ,ve have : "And David took £ro111 him a thousand and seven 
hundred horsen1en, and twenty thousand footinen: and David boughed [ren­
dere.i useless] all the chariots, and reserved of them an hundred chariots ; •' 
also Joshua xi. 6 . . .  " Thou shalt hough their horses and burn their 
chariots ,vith fire . . .  (v. 9) Joshua . . .  hougl1ed their horses and burnt 
their chariots with fire." That the Jews had long known wheeled vehicles is 
evident fro1n a passage in Numbers (vi. ; 3-8), where six (wooden) ,vagons, 
each drawn by t\vo oxen; are spoken of. Tbe wheels of Solomon's laver 
can-iages (about 1000 B.c.) were cast of bronze (1 l{ings vi. 33), " their 
axle-trees and their na,es and their felloes and their spokes were all molten." 

� (p. 209.) The museum in Toulouse contains two remarkably well preserved 
antique bronze chariot- wheels of 54 cm. diameter, with naves 40 cm. long and 
7 cm. diameterh; casts of then1 are in the Roman o -Germanic museum at Mainz. 
These ·wheels have five round spokes and deeply-recessed fclloes ; in the 
latter the rivets for fastening on the wooden rims still remain. The Esterhazy 
collection at Vienna, and the national museum at Pesth contain siinilar excel­
l:!nt speciJnens ;  nn existing Egyptian carriage-wheel of wood is desc1-ibed and 
illastrutcd in \Vilkinson, The Ancient Egyptian, voJ. i. p. 383. 

!:II (P. 209.) In the gradual deYelop1nent of the chariot-wheel in construc­
tive form, the tire pJays a very important part. It was evidently the metal 
rim ·which first made the ·wheel durable when used for quick motion along 
heavy roads. It was long, however, before the iron tire made in one piece was 
reached. Hon1er mentions in his celebrated description of the chariot of Juno, 
tires of copper (Iliad,o,. 722, et seq.)o:-

" Quickly Hebe fixed on the chariot the rounded wheels 
Of copper, eight-spoked, around an iron axle ; 
Their felloes, indeed, were of gold, imperishal:>le, but around 
Tires of copper wertl firmly fitted, a wonder to behold." 

The Inst words sho,v that there must have been great difficulty in co111pleting 
the " firmly-fitted" tires (in segn1ents ?). That these were n1a<le of copper 
does not exclude the possibility that iron rin1s were also in use. Assy1-ian and 
ancient Persian relievos show chariots of many f orn1s, n1ost of them with 

s1nooth tires, scarcely distinguishable from the rest 
of the wheel. A fe,v ·wheels are specially remarkable 
ns showing rings of little projections (Fig. 447), like 
strings of beads all round the tire. Prof. Liudenschmidt, 
of �[ainz, who called Iily attention t-0 this peculiarity, 
solved the riddle at once. The projections are intended 
for the heads of nails. The whole wheel is covered 
with nails, driven into the wooden run in close ro,vs, 
their heads overlappingh· each other like scales. Among 

F10. 44i. the discoveries in ancient burial-places in South Ger-
many there are not a few iron tires about a metre diameter. They are always 
found in pairs, and are evidently the remainsh(after the rotting away of the wood), 
of the chariot ·wheels of the dead warrior, which had been buried along with 
him. These tires are covered ,vith radial spikes on the inside, and their outer 
surf aces sho,v 

. 
the scale-like overlnppings just mentioned. Close inspection 

-
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shows the n1 to be simpl y the nails wh ich h ad bee n drive n i nfo the woo de n  
ri n1 ruste d to ge ther ! The collectio n  at Si gm ar inge n cotntains some be autiful 
spe ci n1e ns of them . The y  fo rm evide ntl y  a very e arl y  s tep in the dire ctio n of 
·m ak ing tires o ut of o ne p ie ce. 

I h ave fo und wh at appe ars tot -be a co nfi rm atio n of L inde ns chm idt's view 
in a mooel of a two-wheele d Ch inese cart wh ich w as sent to the V ie nna 
E xhi bitio n of 1873 . The tires are here 1 nade of iro n, drawn o ut under the 
h amt ne r  ; the y  aret , however , ve ry nar rowt, and o n  the ir o ute r s urf aces are deepl y 
stan1pe d into forms resem bl ing s tri ngs of be ads . Th is appe ars to be s impl y a 
transfere nce of the traditio nal o utw ar d fo rm to the soli d tire. The s tampi ng" is 
a f ash io n  o nlyt , use and wont give val ue to th is e xtern al formt, al thou gh the new 
co ns tr uctio n h as m ade it wor thless- a pro cess ,vh icb f ash io ns o f  e very kind 

e xperience .  It m ay be note d heret, alsot, th at i n  the gre at Pompei an mosaic, 
the '' Ale xander-s chl ach t," the Pers ian ch ario t i n  the ce ntre is represe nte d as 

h avi ng a tire of nails m ade i n  the w ay we h ave des cribe d. 
(The ancie nt ,vheels in the Br itish l!use um form a very inte res ti ng s tu dy. 

The E gyptian p ai ntings show bu t f�w ch ar io ts ; their wheels have alw ays s ix 
spokes , and o nly o ne draw ing (so f ar as I h ave noti ce d) sho,vs any co ns true­. tive de tails. This belo ngs to the 1 8 th or 19 th dynas ty. '.rhe nave is m ade 
in o ne pie ce ,  and h as socke ts for the ( ro und) spokes ; at the end  of e ach 

·spoke is a tee-p ie ce ,  wh ich forms a socke t  bo th for the spoke and for the 
segme nts of the ti re . Spokes and tire seg1 ne nts are colo ure d red, the nave and 

· tee-p ieces are lef t whitet. 
The ancie nt G reek v ases (circa 800- 500 B .c.) show nume rotus ra cing 

chariots , ·some times i n  very gre at de tail. A gre at num ber of the ir wheels 
·h ave four spokes o nlyt, bu t the w ay in whi ch the wheel is pu t to ge the r is no t 
show n. The ti res are ver y narrow an d  app are ntly (fron1 some of thi e nd 
v iev.·s) m ade i n  segme nts. A num be r  of the dra,v ings seem to indicate th at 
the spokes are fl at, and very m uch ·wi de r (i n the pl ane of the axle) at the nave 
than at the rimt. S trengthening p ie ces are alw ays usP. d at the j unctio n  of the 

spokes w ith the rin1. Upo n o ne vaset, a p rize at an A the ni an ch ario t- race 
abou t 700 B .c.t , ch ario t-wheels are ve ry dis ti nctly show n as h aving o ne p air of 
radial spo kes o nl y, these bei ng c rosse d at r igh t  angles by two bars p assi ng at 
a co ns ider able die tance o n  e ach s ide of the nave . I n  the bro nze room there 
is a four-wheele d bro nze br az ier f ro1 n V ul ci ,  and two o the rs from Es ch ara, 

· no ne of them p ro bably l ater th an 600 B.c . The wheels are fo ur or fi ve i nches 
diaruetert. 

The mos t i nteres ti ng whee ls are , howe ver, those of the Ass yr ian s culp ­
tures . He re the uses of three differe nt fon ns of wheel can be dis ti nctl y  
not ice d. The veh icles use d for heavy carriages and dr awn by oxe n h ave four 

spokes o nly . The s culp tor h as no t tho ugh t i t  wo rth while to show the ir co n­
s tr ucti ve de tailst, but the spokes a re ver y  bro ad and cltumsy, and protbabl y  
s quare in se ctio n, the tires or rims are also very he av y. The or din ar y  w ar 
ch ar io t-wheels h ave commo nl y  e igh t  spokes. These are app are ntly rou nd and 

· fi t  i n  socke ts fo rme d upo n the nave. The r im of the wheel is very deept, an d 
is ahv ays sho wn as co ns is ti ng of th ree co nce ntri c r ings, of whi ch the o uter 
o ne, the tire , is mu ch the deeper , and is m ade i n  segments. The rims are 
ge ner al ly s tre ngthe ne d  by two p ai rs of cl ips sl ippe d o nfrom the ins ide and 
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re achi ng par tly ac ro ss th e ti re,- Prof . R eu leaux te lls 1 ne th at in som e instances 
at least th ese h av e  prov ed to b e  pi ec es o f  leath er. Th e ro yal cha.rio ts, at 
le ast tho se o f  S ennach erib and S ardanapalus, no t o nly h av e  orn am ented spokes 
and nave s, bu t h ave also th e nai l tir es m entioned b y  Proft. R euleaux. Thes e occur 
nowh ere but o n  th e roy al cha rio ts, so that th ey m us t  h av e  b een th e " lates t im ­
prov em ent " in A ssyria in th e  eighth century B .c .  I h av e  no tic ed wh eels wi th 

more than eigh t spok es o nly upo n  o ne slabt. On e h as sitxteen, o ne thi rt een and 
s ev er al hv elv e  spok es. Som e of the s e, howev ert,·ar e c er ta inly i ntended for wh eels 
belo ngi ng to th e ch ar io ts of th e p eo ple with whom th e  A ssy rian are tigh ti ng .] 

311 (P . 209.) Accor di ng to H err D etri ng 's own observatio n,' so th at th e di s c­
whe el o f  th e plaus trun1 fon ns a step in th e g rowth of wh eeled v eh icles all th e 
world ov er .  

31 (P. 210.) I n  S anscri t th e ch ario t is c alled rat'ha . 
32 (P.210 .) W e  m ay rem em ber , fo r inst.atnce, th e m etho d  of t ranspo rting 

th e pill ars of th e Tem pl e of Ar temis in E ph esus, descri bed by V itr uvi us ( x . 
ch ap 2). Th e m ast er- bu ilder Ch ers iph ro n f aste ned iro n pins to th e en ds o f  th e 
eno rmo us cylind rica l b lo ck s  of h ewn sto ne, a nd laid · upo n the se a woo den 

f ram e  fit ted w' ith pro per beari ng s  for th em .  To thi s  f ram e th e d raugh t o xen 
were yok ed, and with th eir ai d th e pil lar s were dr agg ed, after th e m anner of 

o ur st reet ro llers, f rom th e quarry to th e si te of th e b uildi ng -th e sam e  si te 
upo n  which excav ation s h av e  rec ently enab led us to appreci ate th e magnitu de 

of th e work, and th e adv antag es of th e m etho d used in c arryi ng i t  o ut. 
33 (P. 211.) I t  h as been suc cessfu lly shown by exper im ent th at appar ently 

b lunt fragm ents, if th ey h av e  c ry stalline edg es, ar e specia lly sui ted for bo ri ng 
h ar der sto nest . 

34 (P . 212.) Th e rare form tornator i s  to be found in J ul. F irmi cus 
(M ath esis, iv . 7) : --facit quoq_ue tornatores, aut simulacroruni sculptorest. 

30 (P. 212 .) Amo ng th e spec imtens a t  th e Ber lin M useum wh ich undo ubtedly 
b elo ng to th e  o ld k ing domt, th ere are sev era l which h av e  c ertai nly b een turn ed 
i n  th e lath e, and th e latter n1 ust th erefo re h av e  b een used by th e Egy pti ans 
bet tween 2,000 and 3 ,000 year s  befo re o ur e ra. Th ese are ag ain v essels, part ly of 
alabaster and ser pentine ( as Nos. 93 and 88), par tly of ma rb le and ev en grani te 

(Nots. 62 and 100). Th e hypo th esi s of th e co nnectio n betw een th e lath e  and 
th e po tter's ,vh eel ( which turn ed ou t mo st excellent work , as we sP. e from th e 
n1u seum collectio n, ev en at th at early date) see1n s to he suppo rt ed hy thi s. 

se (P. 215 .) Cft. Bockler, Theatrum Mechanicum Novum, ' N urem berg, 1762, 
Plates 35, 36 ,  80. N ei th er in thi s  who le wo rk of 154 pla tes, no r i n  Rosberg 's 
Kunstlichem, .Abriss &c. N urem berg, 1610t, do we fi nd any appare nt trac e  of our 
present belt- trai n. Arrang em ents for drivi ng by a cord or rope t wi sted two, 
thr ee, o r  fo ur tim es rou nd a pulley, are g iv en by R ame lli, Artefiewse Machine, 

Pari s, 1588, P late s 171, 175 , 183t. 
:r, (P . 217 .) Th er e  are spe cim ens of Anc ient Egy pti an spi ndles in th e 

Ber li n M useum. W ilkinso n, who m entions th e Berli n specimtens in hi s Ancient 
Egyptians, places beside th em (Fig . 385t, 1 to 5 ,  v o l. ii.) th ree i llustra tio ns of 
distaff s  o r  por tions o f  th emt , ,vbich he erro neo usly t ak es to be spindles also. 
H e  h ad apparen tly be en misled by a note in an o lder t· ata lngu e. [No s. 1 and 2 ,  
Fig . 168 h av e  unfortunate ly be en pri nte d  upsi de do wn.] 

38 (P. 220.) Dr . ,v etz stei n ,v ri tes to me : "Th e wor d  sch aduff o r  1htadoof 
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comes from t he root schadf, whic h m ea ns to ha ng dow n to o ne sid e. Tb1s is 
very a ppro pr iate to the irriga ti ng machine in quest io n, beca us e i ts l ever, w hen 
no t i n  actio n, always slo pes downwards to wards tha t  sid e wh ic h  is ·w ei ght ed 

wit h sto ne. Th e machi ne is no t fo und in Syria , I hn ve s een it o nly i n  Egy pt.t " 
In th e De�cr . de l'Egypte {x vii i., 2, p. 539, et seq .) t h e  s hadoof i s  also ca ll ed 
delu (d.elou) ; a t  the j unc tio ns of wa ter cha nnels from th ir ty to fif ty shadoofs 
are no t unfr equently to be s een tog eth er. 

39 (P. 225 .) E nd ea vo urs in this dir ect io n  are even no w to be m et wi th amo ng 
a f ew c ul ti vat ed natio ns . Baro n Vo n Korff saw, as h e  told m e, i n  E gy pt, a 
gunsmith who , w hil e bot h  ha nds w er e  busy wi th his iro n work, us ed his 

f eet i n  worki ng a saw to c ut the wood for his g un-s tockt. T he Tartars , 
bo th m en a nd ,vom en, altho ug h  engag ed in th eir do n1 estic d uti es, s eldoni 
Jay a s id e  th eir gr ea t c ur ved en1 broid eri ng fra1n es. '\V e need o nly look a t  

· the E uro pea n s tocki ng-kn itt er, too , to s ee the co nnect io n  betw een th es e  
c u�toms a nd o ur o wn. 

40 (P. 229 .) A S pa nis h word , frorn t h e  Ara bic nii-'urah, so callted from thte 
s nor ti ng nois e mad e by th e em ptyi ng of tht e buck ets : -na'ara, to s nortt (Heyste). 
V itr uvius also kn ew th es e wh eeh1, wh ich even in his tin1 e m ust have been of 
grea t  a nti qui ty (x. cha p. v. [Vu lgo x.]) : . . t. " C irca eorum fro ntes affi gun­
tur pinnre , qure c um perc uti nnt ur ab im pet u  flumi nis ,  cogu nt progredi entes 
versari rotam , et ita mod iol is .a quam ha urie ntes et in s un1 n1 um r ef er entes s ine 
o perarum cal cat ura, i ps ius fl umi nis im puls u versatre, prresta nt quod o pus es t 
ad us um ." 

11 (P. 230 .) A s pl endid exam pl e  of t his ki nd of mac hi ne s ta nds i n  Zuric h i n  
the imm edia te nei ghbo ur hood of the Po lytec hnic Sc hool, a co ntras t  which 
is humoro us eno ug h. It wou ld be wort h w hil e to pr es er ve at least draw ings 
of this mammo th amo ng mach ines ,  t his doom ed r epr es enta ti ve of a past epoc h 
for th e benefit of t he comi ng rac e. 

42 (P. 235.) [I n th e Pat ent Mus eum at So ut h  K ensi ngto n  th ere ar e to be 
s een s ev eral wood en mod elst· of Watt'st, of bis pro po s ed arra ng em ents for 
o btai ni ng ro tary mot io n  fro111 th e beam, as well as th e s un-a nd- planet engine 
whic h for so lo ng dro ve th e mac hi nery at his Soho factory . S ee also No te, p. 433.] 

43 (P. 237 .)t I t  a ppears no t to be weU known, a nd r nay t her efor e be m en­.tio ned her e, tha t the Greeks wer e perf ectly wel l ac quai nt ed wit h t he pull ey .  
The Roma ns r ec ei ved bot h  t he thing i ts elf a nd i ts nam e from th e Gr eeks (cf . 
Vitrtuvius x. c ha p. ii.t, De machinis tractoriis). Th e t hr ee-s hea ved tackl e th ey 
callted TplrnraaTo�, the fi ve-s hea ved 1T£vrau1ra<TTor, th e m ul ti-shea ved generally 
,roXvu,rauTo�. Th es e nam es wer e c erta inly bet ter t ha n  o urs, for we ha ve s een 
(§ 43) t ha t  the c haracteris tic par t  of th e tackl e is t he s tr etc hed rope or cord, a nd 
no t t he revol ving pull ey or sh ea ve. A m er e  fix ed guid e pull ey t he Greeks 
6allted ap-rlµovt. .

44 (P . 237 . )  If w e  arra nge t he differ ent.forms of toothed wh eels accordi ng 
to the incr easi ng com pl exity o f  t heir theor etical trea tm ent, we sho uld ha ve 
lo ado pt th e ord er :  s pur-wheels, bevel-w heels , scr e,v-w heels, hy perbo lo idal­
,vheelst. It wou ld, how ever, b e  a mis tak e to ass u1n e, witho ut f urthter in quiry , tha t  
this was th e•· ord er of their na tura l d evelo pm ent . As a ma tter of fac t too th ed 
w heels wit h  ·cross ed a xes , and t her efor e wi th hyp er bolo idal a xoids, a ppear to be 
t he old es t, a nd to hav e  l ed up to the co nc ept io n of the sim pl er toot hed wheelst. 
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For we find wheels of "the simplest possible form, consisting, nl\mely, of 
nothing but a nave and radial spokes, in prhnitive water-lifting wheels, ,vhere 
the horizontal wheel-shaft was driven from a vertical one (cf. Fig. 50 of 
Ewbank's Hydraulic and Other J.lfachines, 16th Edition, New York, 1870) . 
.The scre,v-wheels for parallel axes, the invention of which ha� .been ascribed 
to an Englishman, White, are to be found in primitive Indian cotton ginning 
rollers (see a drawing in Leigh's Modern Cotton Spinning, London, 1873, as 
,veil as several complete machines in the Indian Museum, London). We may 
note also that toothed-,vbeels haviug intersecting axes, in the form of cro\\·n­
wheel and pinion, have received more extensive application and attention in 
n1ill work, almost down to our own time, than spur-wheels. The latter, indeed, 
appear to con1e last in order, so that the real sequence of historical develop­
ment is exactly the reverse of what we might expect, a hint that we 1nust 
never confound what actually and practically lies nearest to us with what is 
geometrically simplest. 

46 (P. 238.) From the Arabic sakai, to water or supply watere; sakkii., a 
water-carrier in eastern countries. 

46 (P. 275.) It is not uninteresting to con1pare the different statements on 
this subject. \Ve n1ay give a few specimens of the,n :-

Poppe, .Maschinenkunde (1821), p. 81 :-"eThe lever, the wheel and axle, 
the pulley, the inclined plane, the wedge, and the screw are included under 
the name simple machines, simple engines (Ru11tzeuge) or mechanical powers. 
From these all machines, even the most complicated, are constructed. Since, 
ho,vever, the theory of the wheel and axle and of the pulley is based upon the 
law of the lever, and the theory of the wedgP, and the screw upon the law of 
the inclined plane, we may reduce the number of simple machines to two, the 
lever and the inclined plane." 

Here it is clearly and emphatically stated that a11 machines, " eYen the 
1nost complicated," are formed fron1 the simple machines, and that the latter 
may be reduced to two. Read, ho,vever, the following :-

Lang s d o  r f, Maschinenkunde (1826), i. p. 277 :-" Even in the older text­
books we find machines divided into simple andecon1pound, the latter being . 
those which are formed by a combination of several of the former. The 
simple 1nachines are limited to the 1ever, the pulley, the inclined plane, the 
wedge, the screw, and the wheel and axle. 'l'he imn1oveable inclined plane 
should not, however, be included, it is no more a machine than is the slope of 
a n1ountain. We do indeed find a n1oveable inclined plane in the wedge ; 
inclined plane and wedge are not then machines of two different kinds. I put 
in their place the roller. . . . ." Here, then, it is said to be wrong to 
treat the inclined plane as a simple machine, while before it was treated as 
the foundation of several others. 

Gerestneer, Handbuch der Mechanik (1831), i. p. 73 :-"Machines are com­
n1only divided into sin1ple and compound. The simplest machine, which we 
shall first cousider, is the lever. We shall then proceed to the ,vheel and axle, 
the pulley and the pulley-tackle (!), the inclined plane, the screw and the wedge. 
All these machines are si1nple machines ; compound machines consist always of 
a combination of several simple ones, after which, therefore, their treatment. 

· will come." 
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K ayser, Handbuch der Statik (1836), p. 4G0 :-" �Iacbines are divided also 
into simple and compound. Strictly speaking only the cord (!), the lever and the 
inclined plane are simple machines. It is customary, however, to treat along
with these also those into which compound machines can be resolved. These 
simple 1nachines a.re seven in number, viz., the cord, the lever, the pulley, the 
,vheel and axle, the inclined plane, the ,vedge, and the screw. They are also 
called machine organs or mechanical po,vers. Many writers do not reckon the 
cord among the1n." 

Ruhlman, Mechanik (1860), p. 231 :-" A machine of which no part
is itself a machine is called simple, in the opposite case <:ompound. The 
sin1ple machines are the funicular machinP,, the lever, the pulley, the wheel 
and axle, the inclined plane and th_ e ,vedge. Note : strictly speaking we need 
distinguish only three si1nple machines, the funicular machine, the leyer, and 
the inclined plane, n.11 the others may be resolved into these." This definition 
leaves something still wanting, and in itself it is a complete petitio principii. We 
have again the impossible derivation of the pu11ey from the lever. 

Schrader, Elementeder MechanikundeMaschinenlehre (1860), p. 26 :-" The 
different kinds of sin1ple machines. The originals of all simple machines are 
the lever and the inclined plane. From the lever are derived the pulley and 
the wheel and axle, and from the inclined plane the wedge and the screw. 
Noteo: in the lever the moving piece rotates, in the inclined plane it moves in 
a straight path." The pulley is, as usual, quite wrongly placed.

[I am sorry to say that the definitions of English authors have been no 1nore 
satisfactory, as a rule, than those given above. Todhunter, for exan1ple, 
says : - "  The most simple machines are called mechanical powers ; by combining
these, all n1achines, however complicated, are constructed. These simple machines 
. . . . are usu.ally considered to be seven in number; namely, the lever, 
the wheel and axle, the toothed-wheel, the pulley, the inclined plane, the wedge 
and the scre,v." We continually find, too, the loose expressions that the lever is 
a solid body "moveable about a fixed point," that it is "supported at one  

· point"  (as distinct from the wheel, which is supported at an axis), and so on.]
It is very remarkable that in all the examples we have given, ·with the 

exception of Langsdorf, the peculiarity of the screw as a simple niachine is 
denied, although it is kinematically the general case of the three lo-wer pairs, 
and ought therefore in every case to ren1ain in the classification. The extra­
ordinary confusion (for so we must call it) of ideas upon the subject aiises 
from a peculiar misunderstanding which, so far as my exper_ience goes, is very 
�trongly rooted and may be only very slowly dislodged. It is that the sin1i­
larity of the relations existing between the forces coming into action is 
n1istaken for a similarity between the objects the1nselves. Because certain 
force-relations in the screw are conditioned sin1ilarly to those in the inclined 
plane, it does not follow that the two things are identical. Instead of ex­
a1nining the things themselv·es, people have concen1ed themselves with 
certain of their properties. The importance of the latter indeed cannot be 
disputed, but they ought logically to be kept apart frotn the actual nature of 
the combination of bodies to which they belong. When, on the other hand,
the more recent writers apparently do away with the simple machines altogether, 
but in reality introduce them as " exerciRes," " exnn1ples," " applications " and 
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eo on, they have furthered a good result less than they believe. For, as we 
have seen in the text, there is really some truth at the bottom of these 
problems- no precantions have been able to expel the sense of this fact. We 
read between the lines the sentence of Horace : Naturam expellas /urea., tamen 
usq1te recurret ! 

It is not easy to say up to what limits it may be advisable for general
}.-!echanics to follow the n1ethods which ,ve have worked out. I believe, how­
ever, that it is certainly advisable that the simple machines should be treated 
in the way. which our kine1natic investigations have pointed out to us in 
elen1entary l\tlechanics. This cannot but be of use in increasing the tangibility 
and definiteness of the ideas which the scholars receive upon the subject. 

To the question how far generally l1echanics should concern itself with 
machines, we may say that this should be the case in decreasing degree from 
the lower to the higher Mechanics. For tho�e who want merely elementary 
notions of the subject, general 1\,1echanics and the Mechanics of machinery are 
one and the same thing. The higher the studies be pursued the more dis­
tinctly their differences make themselves felt. \Vhich of the n1any positions 
between the highest and the lowest should be adopted in the construction of 
n text-book must in every case be carefully considered. But before every­
thing in n1y opinion elen,entary text-books of !lechanics deserve much more 
careful treatment, especially as to the logical arrangement of their contents, 
than they have hitherto received. They are too often deficient in that trans­
parent clearness which we are entitled now to demand from Mechanics. We 
have already noticed this in reference to friction. How unconnected with every­
thing else, also, the treatment of the strength of materials commonly is ! Apart
f:.01n certain internal peculiarities in the way of new data, to ,vhich I have called 
attention in the preface to the last edition of my Gonsfructeur, the general 
treatment of the matter appears to me defective, and it is never made sufficiently 
distinct that the " strength of materials " stands simply in the same relation to 
rigid bodies as hydrostatics and hydraulics occupy to liquids and aerostatics and 
aerodynamics to gaseous bodies. (If we wished to include all under a general 
title we might use the words stereostatics and stereodynamics for that purpose.)
All three branches treat of the inner mechanical forces-our 1 n tent forces of 
§ 1-which give the material its existence ; all three besides overlap each 
other in the limiting cases. On the other hand just the same separation can 
be made with fluids as is done in the separate treatment of the " strength of 
materials" with solids ; the problems connected with their molecular condition 
can be separated from those concerning their relations as a whole to other 
bodies. Very valuable analogies show themselves between the three depart­
ments if they only be looked for. I believe that new life might be thrown 
into the whole study if its trenhnent were taken up afresh in the direction 
which I have pointed out. [I may take this opportunity of pointing out that 
we have already in English an excellent word, introduced by Prof. Rankine, for 
for what Prof. Reuleaux calls a "  latent force," namely stress. I am not 
aware that it bas any German equivalent. It ie very much to be wished that 
engineers-and physicists too, for that matter- would agree to use this word 
where now strain is often employed, and to keep the latter for its more 
obvious meaning of deform ation, for which it is far better adapted.] 

, 
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4; (P. 290.) [The lines A B and D c (Fig. 208) cut 1 ,  4 and 2, 3 in such 
a way as to make the a 1tern ate angles 1 and 3 (and also of course 
4 and 2) equal. Hence the name a.nti-parallel. See e. g. Reuleaux's 
Constructeur, 3rd ed., p. 71.J 

48 (P. 327.) It was \Villis who first pointed out the nature of the conic 
crank-trains, and their analogy to the cylindric crank trains. (Principlea of 
Mechanism, 2nd ed., 1870, p. 249, ff.) He called the trains " solid angular· 
link work," and indicated several of their more important forms and character­
istics. He had not, however, the idea of the kinematic chain, and missed 
therefore, some of their most essential properties ; as a kinen1atist of the 
old school, too, the fourth (fixed) link altogether escaped him, as also the possi­
bility of inversion, and with these some very remarkable practical applications 
of the chain, of which we shall have more to say further on. 

'° (P. 341.) The treatment of con1pound chains belongs to the more diffi­
cult problems of Kinematics. I refer to them again in Chapter XIII., par­
ticularly in § 160. The full advantage of the idea of chain reduction only
n1akes itself felt in the study of these applications of Kinematics. I recon1-
mend the teacher to give his pupils exercises in the re-completion of reduced 
chains. 

oo (P. 384.) I have certainly not exhausted the list of chamber-trains 
which have been constructed from ( C3 p.l.)\ although so many of them have 
been investigated. It is interesting to note that lately the crossed slider­
crank chain (see § 73) has also been used in charnber-trains. Gibson's 
rotary stea-:n-engine (American Artisan, Feb. 1874, p. 30) is an example of 
thiso; it iso� co1nbination of tv,o trains of the form (C; p+ )1- b. 

51 (P. 399.) For the determination of the axoids of the links b and d in• 
(C-} d-) we have the following (see Fig. 448) :-

w
1 

_ r _ sin 'Y cos a _ 
w - r1 - sin -y1 - 1 - sin2 Cc> sin2 a 

We require to find the values of 'Y and 'Yi corresponding to different values 
of Cc>. We hnve 

r'Y1 = 180° - (-y + a), 

,,..hence·o· 

cos a .dan from th•1s, pu tti·ng . 1 • , = A, we obtam1 - sin Cc> sin a , 

nn 'Y = A (sin 'Y cos a + cos 'Y sin a). 

1 . 

A -= COB a + cot ')' sin a, 

1 
7 - cos_ a 

whence cot ')' = 
sin a 
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or, a.gain inserting the quantity represcnted by .A :.
1 - cos2 a - sin2 Cc> sin2 

a sin2 
a cos2 Cc> 

cot 'Y = _ _ _ __ - i____ os__ s..,.. a_ __ cos a_____ ·__'c a zn s n a
that is, cot -y = tan a cos' Cc>. 

a relation which also may easily be determined graphically, as is shown, for 
. . cos2 .1 Cc> x texan1ple, in Fig. 452, It gives t 1e ratio = - • , th. at 1s, x coe. -y.1 tan a 

. 
\\ :/':A' '11

� I 

• r111'\ I I 1 
.. \ \  I. ' .,.. 

FIG 448. F10. 449. 

G2 (P. 400.) It is not difficult to add new forms synthetically to the n1any 
old ones which w·e have mentioned. Indeed, the foregoing investigations 
permit such problems to be given directly as exercises in a course of machine 
instruction. I do not intend to urge here the use of such exercises, which 
,vould be suitable only for very advanced studentse; they do not, however, 
essentially differ from those of 1nodern chemistry, where the more advanced 
students in the laboratory are exercised in the synthetic developn1ent of new 
series of bodies. [I venture to go further in this matter than Prof. Reuleaux, 
and to hope that synthetic exercises may become both possible and popular 
mnong our students to a considerably greater extent than he suggests. The 
formation of chamber-trains alone gives immense scope for such exercises, 
and there are also other directions in which they could be worked without 
touching on problerns of any serious difficulty. I kno,v no kind of exercises 
which are likely to excite so much interest among the class of young men 
who in this country devote themselves to the profession of engineering.] 
I may give an example of this. It will be noticed that in the twelve 
conic chamber-trains formed from (Of CL-

) d and (of CL-
) b the chambering

(VF)=c, d is never used. This, n1ight, however, be done as follows. Instead 
of making the element 4 of the link d into a diaphragm and guide for c (as in 
Fig. I., Pl. XXVIII.), it might be formed into a sector of a hollow cylinder 
with cylindrical openings at its ends, as in Fig.450. In the chamber thus formed, 
the cross-section of which is similar to that of the former spheric-sector cham­
bers, the element of c belonging to the pair 4 may be placed as a piston. This 
takes the form of a slice of the same cylinder, fitted with a shaft, the ends of 
which might project beyond the chamber. To tr:ese projecting ends an outer 
frame is fastened, which carries the cylinder, C+, of the pair 3 belonging to 
the link c. The link b has open cylinders both at 2 and at 3, and is simply a 
connecting-rod with its hvo open elements nom1al to each other. At 2 it is 
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The highe1· pairing which occurs here receives further consideratioc it! Chapter 
XIII. § 157.] 

56 (P. 498.) [The matter may also be looked at in a some,vhat different 
way. The driver of the old engines formed an element of a sliding-pair, as 
t does still, for instance, in direct-acting pumping engines. The attempts at 
rotary engines seern to me attempts to replace this sliding-pair directly by a 
cylinder or turning-pair. Something equh·alent to this is very frequently 
insisted on in descriptions and specifications, and has certainly, in a more or 
less indistinct form, been present in the minds of many inventors, who have 
persistently refused to see more than one n1oving part in their n1achines. It 
is one of the results most to be hoped from the acceptance of Professor Reu­
leaux's method of analysis, that thee. energies of these and other ingenious 
minds n1ay be turned into worthier channels.] 

�7 (P. 522.) [§ 137, as it appears here, is a su1nmary of a n11.1ch longer
treatment of the subject given by Reuleaux, which I hope may be published 
at length in another form. He discusses in some detail the present position
of workmen on the Continent, and the way in which they have been affected 
l:ly the machine and ruachino-facture. The circumstances of the case, as he 
describes them, differ in some very important respects fron1 the circun1stances 
atteP-ding similar industries in this country.] 

68 (P. 533.) [It will be remembered that strictly the pair (0) is not closed, 
for it has not of itself the cross profiles necessary to prevent axial motion. 
This is_a general difference between the pairs fonned from S and those formed 
from H; the former may be made completely constrained in themselves, while 
in the latter (as Figs. 363 to 367 for instance) the necessary constraint in ono 
or more directions is obtnined only by the use of pair-, chain-, or force­
closure. This closure being provided, however, the form of these higher pairs 
determines motion as absolutely as the closed forms of the lower ones.] 

59 (P. 538.) [A comparison of this table with that given at p. 543 of the 
German edition will show some points of difference between the two. These 
appeared to me necessary to bring the table and the text into co1uplete agree­
ment,-especially as several corrections (see Preface) have been 1nade in the 
lntter,-but it is right to say that I have not been able to submit them to 
Prof. Reuleaux, who was on his way to Philadelphia when they were made. 
For my own purposes I have used a different classification, which I need not 
give here. There is one detail connected with the notation of the higher pairs 
,vhich might be modified, I _think; with advantage. Prof. Reuleaux uses, e.g. 

the symbols {O,.) and (01;) for different pairings of C with Z. The first fonn 
appears to me much the. better, so that I ,vould suggest� the use of (0;1), 
(C:.) and so on, instead of (01;), (C,.:), etc. It would then be understood that 
a small letter used simply as a suffix indicated some quality of the elenlent 
denot.ed by the· capital letter after which it was. placed, !lnd possessed in 
con•mon by the_ two elements of the pair, while if a stop of any kind ( comma, 
semicolon, etc.) were marked between the two letters the meaning would be 
that the pair consisted of two disesimilar elements, paired in the manner 
pointed out by the stop. Thus (O.), or more strictly (C.,), would indicate a 
pair of elements each of the form 01, while ( a,.) would be a pairing of C 
with Z, etc.] 

http:denot.ed
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kee p i t  agai ns t the rim of t he w heel a .  We h ave he re n n  applicatio n o f  the 
pair c., Q>.. o r(C■,l\. ) be lo ngi ng to orde r XVI. (§ 149 .) The vetssel V-, \\'i th 
w hi ch Q>.. is p ai red o n  the ot her side , has ,  o n  accou nt of the slidi ng o f  the 
w ate r- ri ng, t he form C- . We mi ght write the w hole trai n  there fore :-

a b c d, 
=c+ . . . I ... o-, Q-y ... . . .  Q-y, Ct••· I ...010-.. . 11 .••O

We note also ag ai n he re how pr ac ti cal 1 na chi ne co nstru ctio n has take n t he 
ro ad alre ad y poi nted o ut by o ur sy nthe sis. The pairi ng o f  Q;,. withO. i s, as 

we know, not hi ng new i n  itse lf ; i t  exi sts ,  fo r i ns ta nce ,  i nthe co mmo n water ­
w heel and o ther me cha ni sms ; the me chanism of Robe rt so n is i ntere sting o nl y  
as a n  atte mpt to use t he pairi ng i n  n free ma nne r i n  a dri vi ng-trni n i nte nded 
fo r cotmmo n fa ctory work. 
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:A. 

.AnsoLUTE motion, 43, 5i. 
Adams' spring wheels, 17i. 
Adjustable spanner, 320. 
Air-bells, 131. 
Air-vessels, 199. 
Allen bed-plate, 450. 
Ampere, 11. 
Analysis, descriptive, 510. 
Analysis, kinematic, 27 4. 
Analysis of machines, 52. 
Ancient lathes, 211, 602. 
Ancient toothed-wheels, 603. 
Ancient wheeled vehicles, 208, 599. 
Anderssohn, 184. 
Andrew, 377. 
Animals as direct actors, 508. 
Animals as prime-movers, 500. 
Annular wheels, 263, 429, 433. 
Anti-parallel cranks, 290, 571. 
Approximate const111ction of elem�nt pro-

files, 160. 
Aronhold, 57, 590. 
Augmentation of chains, 341. 
Automatics, 16. 
Auxiliary centroids, 153. 
Axis, instantaneous, 65, 79. 
Axoids, 80. 
Axoids of closed pairs, 92. 
Axoids of conic crank-chain, 399. 
Axoids, higher, 164. 

B. 

B..lBBAGE, (kin. notation);249. 
Bii.brens, 350. 
Balanced valves, 475. 
Ball, Prof., 591, 597. 
Ball and socket joint, 553. 
Ballista, 222, 459, 228, 
Baker's blower, 417. 
Beale, 363, 365. 
Becher, 406. 

Bed-plates, 447. 
Behrens, 420 . 
Belanger, 15, 80, 591. 
Bellford, 368. 
Bellows, 199. 
Belts, 451, 539. 
Belt-train 183, 215, 261, 452. 
Berthelot's knotted oolt, 506. 
Bishop, 386. 
Blow-tube, 222, 228. 
Bompard, 350. 
Bor�is, 10, 506. 
Bonng, 206, 214. 
Boring in stone, 599. 
Barrie, 365. 
Bouche, 390. 
Bow, 220, i28. 
Bow-drill, 214. 
Bow-lathe, 214. 
Brackets, 447. 
Brakes, 467. 
Bramah, 378, 406. 
Bramah lock, 565. 
Brahmins, 205. 
Broderip, 347. 
Brotherhood's engine, 190, 347. 
Broughton, 359. 
Brown's steam-engine, 552. 

C. 

C .. u:a.n and Robertson's steering-gear, 577. 
Cam-chains, 460, 563. 
Cam-pairs, 537. 
Camera, 365. 
Camus, 154, 594. 
Card-making machine, 490. 
Cardanic circles, 119. 
Cardioid 119, 592. 
Carnot, 9. 
Cartwright's parallel-motion, 576. 
Carving by wooden drills, 206, 599. 
Catapult, 222, 228, 459. 
Central polygon, 61. 
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Central polygon, sr,heric, i7. 
Central wheels, 431. 
Centroids, 63, 128, 148, 193, 590. 
Centroids, determination of, 65. 
Centroids in crank-train, 67. 
Centroids of spur-wheels, 70. 
Centroids, reduced, 70. 
Centroids as profiles, 164. 
Centroids, secondary, 7 4, 155. 
CentroiJs having infinite branches, 67, i4. 
Centroids of higher pairs, 118, 132. 
Chain, kinematic, 46, 502. 
Chain, simple, 49, 540. 
Chain, compound, 49, 569. 
Chain and pair-closure, 180. ,.Chain and force-closure, 181. 
Chain-closure, 289. 
C:hain-closure of dead-points,188, 289, 571. 
Chain- closure of elements, 178. 
Chain-wheels, 453. 
Chamber and piston, 344. 
Chamber click-trains, 459. 
Chamber-crank trains, 344. 
Chamber-wheel trains, 403. 
Change positions or points, 192, 571. 
Chariots, ancient, 599. 
Chinese scoop-wheel, 207. 
Chubb, 466. 
Circular sliding-pairs, 181. 
Clack valve, 475. 
Class symbols, 2:32. 
Classification of constructive elerr.ents, 481. 
Clearance in toothed-wheels, 237. 
Click-trains, fluid, 47 4. 
Click-trains, in chamber-gear, 459. 
Click-wheels an<l gear, 455. 
Clip-drum, 541. 
Clocks, 498, ti04, 519. 
Clock-springs, 185. 
Clock-work, notation for, 249. 
Closed kinematic chain, 46, 502. 
Closed pairs of elements, 87, 142. 
Closure, chain, 183. 
Closure, force, 183 
Closure, pair, 179. 
Closure, complete, 183. 
Closure of chains by elements, 191. 
Closure of flectional elements, 183. 
Clutches, 445, 469. 
Cochrane, Lord, 363, 368, 369, 371, 381, 

384. 
Cocks, 475. 
Collars of shafts, 91. 
Combined chains, 572. 
Common point-paths, 126. 
Communicator, the, 487. 
Complete ma�hines, 202, 488, 502, 505. 
Complexity of modern machines, 239. 
Compound chains, 49. 265, 569. 
Compound chamber-wheel trains, 4i5. 
Compound epicyclic trains, 431. 
Compound spur-wheel trains, 267, 426,574. 

Concentral point-paths, 129. 
Concentral roulettes, 129. 
Condie's steam-hammer, 95. 
Cones of instantaneous axes, 78, 
Conic chamber-trains, 384. 
Conic double slider-crank, 388. 
Conic quadric crank-chains, 327, 38-l. 
Conic rolling, 77. 
Conic slider-crank, 329. 
Conic swinging cross-block, 391. 
Conic turning cross-block, 393. 
Connecting rods, 454. 
Conplane motion, 64. 
Constant breadth, figures of, 12!J. 
Constrained closure, 484. 
Constrained motion, 46, 87. 
Constructive elements, 436, 48u. 
Contracted formulre, 263, 270. 
Contrapositive chains, 181, 184. 
Converse antiparallel cranks, 290. 
Cooke, 381. 
Coriolis, 11. 
Corliss' valvP.-gcar, 240, 450. 
Coupled-engines, 200. 
Coupler, 284, 454. 
Couplings, 292, 445, 483. 
Cramer, 362. 
Cranes, 490, 499, 519. 
Cranks, 284, 454. 
Crank-chains, 187, 283. 
Cross-block, 313. 
Cross-bow, 222, 228. 
Crossed crank-chains, 550. 
Crossed scre,v-chains, 555. 
Crossed slider-crank chain, 318. 
Crossed slide-trains, 322. 
Crossed swinging block, 319. 
Crossed turning slider-rrank, 319. 
Cross-heads, 454. 
Curb-train, 459. · 
Curtate point-path:'!, 1:16. 
Curt.ate trochoitls, 592. 
Curve-pentagon, 140. 
Curve-square, 132. 
Curve-triangle, 131, 145. 
Cutters, 441. 
Cylinder-chains, 549. 
Cylinder of instantaneous axes, 65. 
Cylinder pair, 90, 256. 
Cylindric crank-trains, table of, 323. 
f:ylindric rolling, 69. 
Cylindric slider-crank chain, 294, 301. 

D. 

DAKEYNE, 386. 
Dalgety and Ledier, 365. 
Dart, 420. 
Davey's reversing gear, 320. 
Davies, 363, 386, 390, 391, 393, 425. 
Dawes, 196, 356. 
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544. 

Envelopes, 
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Dead-points, 186. 
Definition of the machine, 35, 503, 585. 
Degrand, 381. 
De la Hire, 154, 594. 
Delivery-gear, 513. 
Deprez's reversing gear, 320. 
De Sarques, 154. 
Descriptive analysis, 511. 
Development of ruled surfaces, 81 .  
Diagram of synthetic processes, 531. 
Diff�rential gear, 431. 
Differential screws, 547. 
Direct-acting engine, 345. 
Direct-actors, 50i. 
Direct kinematic iiynthesis, 528. 
Director or directing-gear, 344, 512. 

· Disc-engine, 385, 609. 
Disc-crank, 305. 
Discovery and invention, 2!3. 
Disengaging-gear, 468. 
Dividing machine, 558. 
Donkey-engine, 374. 
Double-action, 452. 
Double-crank, 285, 382. 
Double-cylinder en�ine, 188, 200, �SO. 
Double-lever, 285 
Double-slider chain, 313. 
Double-wood, 204. 
Doubling of chains, 568. 
Drag-link coupling, 71. 
Driver, 499, 511. 
Driving-link, 272. 
Duangle, 116 

Escapements, 463. 
Euler, 15. 
Eve, 422. 
Evrard, 416. 
Expansion of elements, 304. 

F. 

FABRY, 409.:
Face-wheel, 83. 
Fast click-train, 457. 
Feathers on shafts, 91. 
Feed of a machine, 513. 
Field of restraint, 99. 
Field of sliding, 99. 
Field of turning, 103. 
Figures of constant breadth, 129. 
Fire-drills, 205. 
Fire, early use of, 205. 
Fire production, 597. 
Fixture of a pair of elen1e11ts, 467, 472, 

549. 
Fixed closure, 484, 549. 
Fixed-couplings, 445. 
Fixed link, 47, 271, 450. 
Fixed link, omission of, 260. 
Flan�e coupling, 445. 
Flect1onal elements, 173, 181, 188. 
Flectional elements, closure of, 183. 
Flectional elements, table of pairs with, 

Fly-wheel, 187, 238, 453. 
Diius locomotive coupling, 292. 
Duclos, 393. 
Dudgeon, 407. 
Duncan, 391. 
Dundonald, see Cochrane. 

E.ADE's pulley-block, 577. 
Ea,rly treatment of machines, 9. 
Eccentric, 306. 
Elements, pairs of, 43, 86, 532, 538, 544. 
Elements, tixture of a pair of, 467, 472. 
Elements, separation of, 469, 471, 472. 
Elliptic chuck, 316, 336. 
Emery, 362. 
Endless belt, 215, 452. 
Endless screw, 83. 
Energy, see Storing.
Engaging-gear, 468. 
Envelopes, 42, 87. 

Fluids in pure mechanism, 12, 176. 
Fluid click-trains, 47+. 
Fluid ratchet-trains, 476, 479. 
Force-clo&ure of axoids, 171. 
Force-closure of chains, 187, 278. 
Force-closure, disuse of, 226. 
Force-closure in early machines, 227, 233. 
Force-closure of pairs of elements, 169. 
Forced joints, 443. 
Form-changing machines, 493, 499, 503. 
Form•symbols, 253. 
Formulre, contracted, 263. 
Formulre for chains, 258. 
Formulre for compound chains, 270. 
Formulre for links, 255. 
Formulre for mechanisms, 270. 
Formulre for pairs, 255. 
Formul� for pressure-organ chains, 268. 
Formulre, general, 272. 
Formulre, special, 272. 
Fowler's clip-drum, 541. 
Frame (in a crank-chain) 284. 
Framing, 447.in form-changing machin(s, 
Free click-train11, 457. 
Friction, 171, 595.Epicycloidal teeth, 153. 

Epicyclic chamber-wheel gear, 427. Friction-couplings, 470. 
Epicyclic trains, 427. Friction-wheels, 164, 171, 4!i2. 
Equidistant curves as profiles, 157, 178. Funicular machine, 281, 605. 
E1icsson, 878. Fusee, 539, 540. 
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G. 

GALLOWAY, 197, 427, 4:33. 
Ganahl, 422. 
Gas exhauster, 363. 
Gearing, 514. 
Geiger, 201, 204, 20i, 245. 
Geiss, 396. 
General fonnulre, 5i2. 
Geneva ratchet, 564. 
Gibs, 442. 
Gibson, 607. 
Girault, 15. 
Goodeve, 299. 
Gray, 378. 
Grindstone, 500. 
Guerike, Otto von, 7. 
Guide blocks, 94. 
Guides, 454. 
Giulio, 13. 
Gun-lock, 459. 

H. 

HACHETTE, 9, 18. 
Hall, 353. 
Jfand-worked·machines, 51,0. 
Hand-spindles, 216, 228. 
Harvef& parallel motion, 573. 
Hastie, 347, 
Haton, 15. 
Heppel, 382. 
Hicks, 347. 
Higher pairs of elements, 116, 131, 533. 
Higher pairing in chains, 195. 
Higher pairs in cylinder chains, 559. 
Higher pairing in reduced chains, 333. 
Higher pairs, point paths of, 121. 
Hipp, 465. 
llomocentral point-paths or roulettes, 129. 
Hooke's joint, 331, 447. 
Hornblower's cam, 560. 
Humphreys, 347. 
Hyatt, 377. 
Hydraulic prel!S, 181. 
Hydraulic ram, 505, 520. 
Hyperboloid pairs, 533. 
Hyperboloids as axoids, 82. 
Hyperboloidal face-wheel, 83. 
Hyperboloidal wheels, 82. 
Hypocycloidal parallel motion, '579. 
Hypo-cycloids and ·trochoids, 592. 

I. 

INCLINED plane, the, 277. 
Indian fabrics, �02. 
India-rubber tyres, 236. 
Indirect kinematic synthesis, 529. 
Inductive method. 53. 
Infinite annular wheels, 4,31. 

Infhiite branches of centroids, 67, 7 4. 
Infinite links, 295. 
Instantaneous centre, 69, 148. 
Instrument, 51. 
Invention, 3, J 9, 52, 243, 401, 582. 
Inversion of p.'l.irs, 94. 
Inversion of chains, 47. 
Involute teeth, 156. 
Isosceles crank-train, 197, 292. 
Isosceles crossed trains, 321. 
Isosceles double-slider, 196. 
Isosceles slider·crank, 302, 3;,5. 
Isosceles turning block, 303. 

.T, . 

Jacquard loom, 520. 
Jelowicki, 3j8.
Jones, 413. 
Jones an.I Shirreff, 3613. 
,Justice, 425. 

K. 

KEYF.D·JOINTS, 441, 482. 
Keys, 441. 
Key-ways in shafts, 110. 
Kinematics, 40. 
Kinematic analysis, 2i 4. 
Kinematic notation, 247. 
Kinematic synthesi;i, 527. 
Kinematic synthesis, direct, 528. 
Kinematic synthesis, indirect, 529. 
Kittoe and Brotherhood, 347. 
Knott, 359. 
Kosmic and machinal systems, 3I, 24-L 
Kuster, 396. 

L. 

LABOULAYE, 13, 166. 
Lagarousse levers, 463, 477. 
Laidlow and Thomson, 417. 
Lamb, 349. 
Lantern pinions, 158. 
Lanz, 9, 18. 
Lariviere,and Braithwaite, 393. 
Latent forces, 33, 174. 
Lathe, 493. 
Lathe, Egyptian, 213. 
Lathe, Italian, 214, 227. 
Lathe, Kalmuck, 211, 227. 
Leading train of a machine, 512. 
Lechat, 368. 
Laver carriages, 209, 600. 
Leclerc, 406. 
Lecocq, 420. 
Left-handed screws, 223. 
Lemielle, 382. 
Leonardo_ da Vinci's elliptic chuck, 316. 
Leupold, 9, 406. 
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Lever, the, 276. 
Lever, first use of, 219, 221. 
Levers, 286, 454. 
Lever-crank train,,. 285, 3iS. 
Lift-wheel, 269, 272. 
Lima�on, as centroid, 19i. 
Link, kinematic, 46. 
Link, fixed, 47. 
Link-formation, 441, 443. 
Link motion, 311. 
Link, reversiug, 95. 
LinkworkR, 590. 
Locks, 466. 
Locomotive, 491. 
Loose c_ouplings, 445, 469. 
�oose 11.ng, 91. 
Lower pairs of elements, 116, 53:?. 
Ludecke, 425. 

M.:

llACHl!<AL and Kosmic systems, 244. 
Machine, .Ampere's definition of, l I. :Machines, analysis of, 52, 510, 516. 
Machines, definition of, 35, 50, 503, 685. 
Machines, natural, 51. 
Machines, study of, 37. 

. Machines, synthesis of, 52. 
Machino-facture, 525. 
Main train of a machine, 512. 
Maltese cross-wheel, 564. 
Maudslay, 552, 576. 
Mechanical powers, 275, 604. :Mechanisms, analysis of, 284. 
Mechanisms (definition of), 47. 
Mechanisms, early treatment of, 9. 
Mechanisms (formation of), r.o. 
Mechanisms, formulre for, 270. 
Men as direct-actors, 508. 
Men as prime-movers, 500. 
Minari, 369. 
Mixed chains, 57i. 
Molard, 890. 
Monge, 9, l 7. 
Mono-kinetic pairs of elemeuts, 175. 
Morey, 362. 
Mor�n, 878. 
Monn, 14, 596. 
Morton's disc-engine, 609. 
Moseley, 487. 
Motor, 502. 
Mouline, 862. 
Moveabl&conplings, 445. 
Murdock, 356, 407. 
Myers, 868. 

N. 

NAIL-MAKINO machine, 490. 
Namesymbols, 252. 
Na pier, 853. 
Nasmyth's dividing machine, 558, 

Natural forces, early use of, 225. 
Newcomen's engine, 232. 
Nomenclature of trochoidal curves, 592. 
Noria) the, 229. 
Normal cross-block, 313. 
Normal double slider-cl1ain, 313. 
Notation, kinematic, 247. 

0. 

0LDHAM's coupling, 315, 446. 
Omission of links, 333. 
One-toothed wheeli!, 418. 
Ortlieb and ,vhite, 365. 
Oscillating-engine, 297, 351\ 
Outer wheeh, 431. 

P. 

PAlR-OLOSED cam-trains, 460. 
Pair-closure, 179, 226. 
Pair-closure of chains, 292. 
Pairing, higher, in chains, 195, 559. 
Pairs of elements, 43, 86, 230. 
Pairs of elements, see Lower, Hip;hel', &.c. 
Panteg Rteel works, engines at, 189. 
Papin, 7 . 
Pappenheim wheels, 403. 
Paragon pump, 347. 
Par::llel cranks, 287. 
Parallel curves as profiles, 157. 
Parallel motion, 3, 355, 576. 
Parallel trains, 432. 
Partner element, 258. 
Pattison, 348. 
Pawl, 455. 
Payton, 414. 
Penn, 347, 450. 
Peri-trochoids, 119, 592. 
Phoronomy, 56, 58. 
Pieota, 219, 228. 
Pius, 444. 
Pin-teeth, 158. 
Pin-wheel and disc, 304. 
Pipes, 473. 
Piston, 473. 
Place-changing machines, 4P3, 499. 
Planet--trniu, Watt's, 234, 433, 575. 
Planet-wheel chain, 575. 
Plaustruu1, 209. 
Plummer. blocks, 447. 
Poinsot, 15, 80, 591. 
Point of restraint. 98. 
Point-paths, common, 126. 
Point-paths, concentral, 129. 
Point-paths, curtate, 126. 
Point-paths, homocentral, 129. 
Point-paths, prolate, 126. 
Point-paths as tooth profiles, 156. 
Point-paths of higher pairs, 121, 188. 
Polishing machines, 300. 
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Polygon, central, 60. 
Polygon, spheric central, 77. 
Poncelet, 11, 150. 
Potter's wheel, 208. 
Pouyer-Quertier, 470. 
Practical mechanics, 36. 
Practical work, 54. 
Praying mills, 207. 
Pressure-click, 456. 
Pressure-organs, 17 4, 268. 
Pressure-organs, chaining of, 342, 567. 
Pressure-organ pairs, 542. 
Prime-movers, 498, 505, 524. 
Prime-movers, the first, 225. 
Primitive boring, 206, 214, 599. 
Primitive methods of fire-production, 597. 
Prism chains, 553. 
Prism pairs, 90. 

•Profiles of elements, determination of,
146. 

Profiles, cross, 89, 610. 
Profiles, of screw-thread, 89. 
Prolate point--paths, 126. 
Prolate trocho1ds, 592. 
Prunier, 477. 
Puffing Billy, 209. 
Pull-click, 456. 
Pulley, tho, 279, 604. 
Pulley block, 577. 
Pulley-chains, 565. 
Pulley (fixed), 18. 
Pulley tackle, 181, 604. 
Pump-cylinder:{, 473. 
Pumps, as ratchet-trains, 477. 
Pnsh-click, 456. 

Q. 

QuADRlC cylindric crank-chain, 283. 
Quadric conic crank-chain, 327. 
Quick return motions, 299, 306. 

R. 

RACK, 268, 537, 
Rack click-train, 457, 475. 
Railway-wheels, 171. 
Ramelli, 9, 365, 384. 
Ramey, 427. 
Rankine, Prof.s, 23. 
Ratchet-trains, 180, 455, 461, 498. 
Ratchet-trains, fluid, 470, 479. 
Receptor, the, 487, 497, 512. 
Redtenbacber, 14, 38, 451. 
Reduced centroids, 70. 
Reduction of chains, 333, 553. 
Regulator or regulating-gear, 514. 
Reichenbach, 3, 
Relative motion, 43, 57, 79. 
Repsold, 417. 
Re1>al, 16. 

Restraint against sliding, 98. 
Restraint against turning, 103. 
Restraint in closed pairs, 118. 
Restraint of elements, 96. 
Retaining-gear, 462. 
Reversal of pairs, 302. 
Reverse anti-parallel cranks, 290. 
Reversed click-train, 459, 479. 
Reverse cranks, 192. 
Reversed fluid ratchet-train, 479. 
Reversing-link, 95, 311, 320. 
Reversed ratchet-gear, 498, 518. 
Reverted epicyclic trains, 429. 
Reverted trJ.ins, 426. 
Reverted wheel-train, 57 4. 
Revillion, 422. 
Revolute pair, see solids of revolution. 
Rhombus, in higher pairs, 130. 
Rigg's turning-gear, 200. 
Rigid elements, table of pairs of, 538. 
Rivets, 443. 
Robertson's steam-engine, 551. 
Robertson's water gearing, 611. 
Rolling-mill engines, 189. 
Romer, 155. 
Root, 378, 411. 
Ropemaking, 218. 
Rope-pump, 543. 
Ropes, 451. 
Rosky, 384. 
Rotary engines, 343, 498, 581. 
Rotation about a point, 76. 
Rotation, continuous, 207. 
Roulettes, 152, 592. 
Routledge, 459. 
Ruled surfaces, 79, 81, 535. 
Running-gear, 498. 

s. 

SAFETY·LOCKS, 467. 
Samarkan, 222, 228. 
Schiller, 245. 
Schwartzkoff's spanner, 320. 
Schneider, 362. 
Scoop-wheel, Chinese, 207. 
Screws, 83, 88, 94, 201, 222, 281, 591. 
Screw-chain, 440, 546, 555. 
Screw, endless, 83. 
Screwed joints, 438. 
Screwing-machines, 491. 
Screw pair of elements, 88, 556. 
Screw and nut, 88, 94. 
Screw and nut, first use of, 222. 
Screw-wheel pairs, 536. 
Secondary centroids, 74, 155. 
Sector, symbol for, 252. 
Sector and slot, 295, 310, 321. 
Segmental wheels, 564. 
Seller's wheel-cutting machine, �38. 
Sensible forces, 33, 
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Separation of elements, 469, 471, 472. 
Serkis-Hallian, 377. 
Servieres, 406. 
Set-screw, 440. 
Set-wheels, 153, 162. 
Seven-linked cylinder chain, 55,l. 
Seven-linked screw chain, 555. 
Shadoof, 220, 228, 602. 
8hafts, 444. 
Shaping-machines, 299. 
Sharp's coupling, 446. 
Shrinking on, 444. 
Simple ma.chines, 275; 604. 
Simpson and Shipton, 358, 373. 
Single action, 457. 
Skew double-slider chain, 322. 
Skew screw ·chains, 555, 57 4. 
Skinner's steering-gear, 547. 
Slider-cam trains, 460. 
Slider-crank, 296, 344. 
Sliding pairs of elements, 91. 
Sliding pairs, circular, 181. 
Slot, see Sector. 
Slotted disc, 304. 
Slotting-machines, 299, 312. 
Smith, 371. 
Smyth, 368, 427. 
Solid angular linkwork, 607. 
Soljds of revolution, pairs of, 90, 286, 53!'"1, 

610. 
Space bounding a figure, 213. 
Spanner, adjustable, 320. 
Special formulre, 272. 
Special synthesis, 528. 
Svheric central polygon, 7i. 
Spindles, 445. 
Spindles, hand, 217. 
Spinning by hand, 216. 
Spinning machines, 496, 513. 
Spinning-wheel, 219. 
Springs, 176, 185, 48(1, 483. 
Spur-wheel trains, 179, 262, 267, 402, 

Square, in higher pairs,
Stamm, 16, 513. 
Steam-boat, 269, 271, 521. 
Steam cylinder, 473. 
Steam cylinder, Pa.pin's, 7. 
Steam-engine, as a compound chain, 569. 
Steam-engine, descriptive analysis of, 516. 
Steam-engine, main train of, 188. 
Steam-engine, see Rotary, and under proper 

names. 
Steam-hammer, 95. 
Stee!ing-gear, 547, 577. 
Stocker, 369. 
Stoltz' _pump, 4 76. 
Star-wlieels, 564. 
Stop-gear, 514. 
Stopping, methods of, 4 72. 
Storing of energy, early use of, 225. 
Strained joints, 448. 

131. 

Stuffing boxes, 473. 
Sun- and planet-wheels, see planet.
SuJ,>ply train, 513. 
Swinging-block, 297, 356. 
Swinging cross-block, conic, 331, 391. 
Swinging double-slider, 317. 
Swinging slider-crank, 300, 371. 
Sylvester, 197, 590. 

bols, kinematic, 251. Sym
Symbols of relation, 255. 
Synthesis, kinematic, 16, 52, 527, 581. 

T. 

TA VLOR and Davies, 393. 
Table of crank-trains, 323. 
Tangye, 450. 
Tapped bolt, 440. 
Tchebyscheff, 355, 573. 
Temporary axis, 77. 
Temporary centre, 60, 77. 
Tension-click, 456. 
Tension organs, 173, 439, 451, 539, 565. 
'l'ension organs used nuder thrust, 175. 
Tension organs in chains, 565. 
Tension organs in pairs, 589. 
_Textile industry, 524. 
Theory and practice. 1, 55. 
Thibetan prayer mills, 207. 
Thomas, 475. 
Thomson, 427. 
Three-cylinder engines, 190, 347. 
Tilt hammer, 230. 
Tool, 487, 490, 493, 512. 
Toothed-eccentrir., 578. 
Toothed-wheels, 151, 153, 156, 281, 535. 
Toothed-wheels, see spur, bevel, etc. 
Traction-engines, 235. 
Trammels, 318. 
Transmitting parts, 487. 
Transport on common roads, 235. 
Trocboids, 64, 121, 592. 
Trunk-engine, 347 
Turbines, 497, 516, 548. 
Turning-block, 299, 360. 
Turning cross-block, 313, 375. 
Turning double slider-crank, 314, 374. 
Turning, early attempts at, 211. 
Turning, Roman, 212. 
Turning pair, see solids of revolution. 
Turning slider-crank, 296, 344. 
Twirling stick, 205, 207, 597. 
Twisting, 79, 591. 
Twisting of axoids, 82, 591. 
Twisting pair, 88, 556. 
Tylor, 205. 

u. 

UHLHORN, 470. 
Unconstrained closure, 484, 504, 554. 
Universal joint, 260, 831, 446. 
Unwin, Prof., 168. 
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V. 

VALVES, 97. 
Va.Ives, as click-trains, 47 4. 
Valves, classification of, 4 7 :J. 
Valve-gear, 512. .. 
Vose, 477. 

' 

WARD, 362. 
" Wa.terwitch,'' 190. 
'\Vater-gearing, 611. 
V/ater-rods, 182, l 84. 
\Vater-wheels, 182, 268, 271, 497, 504, 

516. 
Watt, 3, 234, 433, 459, 5io. 
'\Vedding, 359. 
'\Vedge, 278, 442, 554. 
Weights in force-closur<>, 1�8. 
'\Veisbach, 14, 585. 
Wheatstone, 465. 

Wheels, ancient, in Brit.ish Museum, 601. :
Wheel and axld, 280. 
Wheel-chains, 268, 662. 
Wheel-chains, compound, 267, 5G9. 
,vheels of infinite diameter, 431. 
'\Vheels of one tooth, 418, 564. 
\Vheeled-vehicles, 208, 600. 
'\Vhitworth, 306. 
\Villis, 12, 154, 161, 176, 249, 587. 
Wind-chests, 199. 
Windmills, 497. 
Wine-press, i30, 6U3. 
Witty, 375. 
,vood, 896. 
WoodcClck, 377. 
Working pa.rts, 487. 
Work-piece, 495; 511. 
Wonn-wheels, 83. 

Y. 

YULE, 353. 

THE END. 
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