CHAPTER VII.

KINEMATIC NOTATION.

§ 52
Necessity for a Kinematic Notation.

THE investigations concluded in thelast article have conducted us
again through thelowerand higher pairs of elements to the kinematic
chain, the form which, as we have already seen (§ 3), represents the
general solution of the machine problem. What we found before
to follow directly from simple fundamental propositions, we have
now been led to a second time, indirectly, in the course of natural
development, and we have seen further the employment of the
kinematic chain extending rapidly in all directions. The glance
which we have taken at the history of machine development has
shown us the course of the mental processes which have produced
the chain, and by a continuation of which—we may suppose—it
may be still further improved and applied. We must now turn to
the direct consideration of the thing itself.

Such an immense variety of cases—existing and possible—here
present themselves, that 1t becomes increasingly difficult to
comprehend them all.  This difficulty presents itself specially in
the indication by names of their separate characteristics, and in
distinguishing between cases which ought to be separated ; and it
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appears likely to become still greater in the future with theincrease
in the variety of chain-forms employed. It has become, too, equally
necessary to be able to survey the inner relationships of mechauisms
as well as their differences. e are here led involuntarily to look
for some means of facilitating the expression of both.

In similar circumstances Mathematics, and afterwards Chemistry,
have taken to their aid special symnbolic notations, which have now
become so essential to both sciences that neither could proceed
without them. Both adopted them so soon as the real nature of
their fundamental operations had been determined. The 1deas
connected with our subject are now so distinctly and individually
before us, their mutnal relations ‘can be so definitely determined,
that their concise expression by means of simple signs becomes not
only justifiable but practicable. Ve shall therefore use these imn-
portant aids to the furthest extent possible in our work.

It is very easy to see what an immense advantage there is in the
possibility of so expressing a complex idea that when it is employed
along with another of the same kind they may both be expressed
by a single sign. The continual returning upon already defined
conditions becomes unnecessary, while the conciseness of the ex-
pression allows conclusions to be arrived at as to the.mutual re-
lations of the parts combined, which with the common method of
expression can only be forined with great difficulty, and can scarcely
be communicated at all. The reader need not fear that any con-
tinual alteration of his accustomed ideas will be demanded from
him in making himself familiar with the system of contractions
which we are about to describe. For a scientific symbolic notation
is in essence nothing else than a systematised method of contrac-
tion, it 1s not a hieroglyphic system, mysterious to the uninitiated.
Our examination of it here will not be simply parenthetical, but
will give us opportunity for examining more closely the real
nature of several important kinematic chains.

§ 53.
Former Attempts.

Attempts have not been wanting to express machiie combina-
~tions In seme concise form. Clockmakers, among others, and



BABBAGES NOTATION. 219

writers upon subjects connected with horology, have employed a
kind of notation for showing the sequence of the wheels and arbors
in clockwork, Willis has entered somnewhat closely into this method
of symbolization. The following, for example, shows the arrange-
ment of the wheel-work of a common clock in a form which he
himself adopted :—
48
6—- 15
6 30

Here the numerals stand for numbers of teeth, the lines indicate
the connection of two wheels by an arbor, the placing of one figure
over another shows that the corresponding wheels gear together.
Putting the names of the wheels beside the numbers of their teeth
we should have —

(Great Wheel 48
Pinion 6 45 Second wleel
Pinion 6 -30 Balance.wheel.

Other writers have used methods somewhat differing from this.*
It is evident, however, that the olbject here is the representation of
a portion only of an isolated case,—and even that portion is not
intended to include the general kinematic nature of the spur-
gearing, but to cover merely the indication of its velocity-ratios, a
very important matter, of course, in itself.

The method proposed by Mr. Babbage “ for expressing by signs
the action of machinery ” was more important than these, and was
indeed intended to be quite general in its application. Babbage, to
whom no doubt the subject was suggested during the extremely
difficult construction of his calculating machine, deseribed his
system in a small book, not much known,} in wbich he has
illustrated it by two large examples,—a clock with working and
striking trains and a hydraulic ram. His method is as follows :—
The names of the whole of the moving parts are first put down in
order, and then signs are placed in tabular form beside the name of

* Willis instances the following for the case supposed : —

Oughtred (1677) Derham (1686) Allexandre (1735).
30 48)6 —45)6—30 48
6)45 45--6
6)48 30—6

t 4 BMethod of Expressing by Signs the Action of Machinery, by C. Babbage.
London, 1826, _
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each part, to indicate its motion. The symbols employed are
arrows of vario:ss kinds, full lines, dotted lines, brackets, crosses,
hooks, and so on. It is certainly possible to interpret the action of
the machine by the aid of the signs when the meanings of these
have once been comnpletely mastered. Notwithstanding this the
method has never been used. No notice was taken of it by those
practically interested in machinery, and by this want of attention
they added unconsciously to the great irritation which displayed
itself in the work which Babbage published shortly before his death.
In this he struck about him most vehemently, like Timon of
Athens with his spade, accusing his contemporaries of their want
of comprehension and appreciation of his work. Without in the
least depreciating, however, his most important labours in other
directions, it must be said that the cause of the non-acceptance of
his system of notation was due to its own defects, and not to those
of the public.

What the symbolic memoranda of Babbage express, and were
intended to express, is not the essential constitution of the machine,
its different parts scientifically defined and recognizably indicated
by the stenographic symbols, but merely the general nature of the
motion of those pieces which were themselves described at length
or by their names in the usual manner. We learn whether such
and such a piece turns backwards or forwards, moves continuously
or discontinuously, unifornily or with varying velocity, and in cases
where there is turning about axes we have the velocity-ratio and
so on, given. 1t is at once evident, however, that under this system
mechanisms of completely different constructions might be repre-
sented by one and the same set of symbols. These extend merely
to the external conditions accompanying certain characteristics of
the single organs, not to their full meaning; they form simply a
concise description of the action of the machine, not in any way
showing its dependence upon general fundamental principles. If
the symbols proposed by Mr. Babbage were placed upon the neces-
sary drawing of the machine itself, they would express their
meaning much inore clearly than when used in the more abstract

form of a table.*

* In a small pamphlet of half-a-dozen pages published in 1857 Mr. Babbage again
proposed a very complicated ‘‘ Mechanical Notation,” no doubt the offspring of his
own requirement in connection with his machines ; bnt here he appears to have
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For our purpose—the representation of kinematic chains by
symbols,—Babbage’s method is of no service; I therefore pass over
Willis’ attempts to make it more useful by certain alterations.*

§ 54.
Nature of the Symbols required.

The object of the kinematic notation which we wish to form is,
like that of mathematical symbols, to express certain operations
performed with, or supposed to be performed with, the bodies indi-
cated by signs or otherwise ; partly also its province is similar to
that of chemical notation, for it must afford information, and indeed
somewhat full information, as to the quality of the thing named.
The symbols for kinematic bodies must not, therefore, be in them-
selves meaningless like those of Mathematics, where different letters
indicate only the variations in magnitude of known,—and so faras

their measurability is concerned similar,—things; but each letter
must stand, as in Chemistry, for a particular class of bodies, the

differences between the classes being here their geometrical pro-
perties. The letter must therefore stand for the name of the body—
that is, of the kinematic element, the definite characteristics of
which are sufficiently indicated by that name. The letter used in
this way we shall call the class- or name-symbol of the elemnent.

The sign for the general name of a kinemnatic element, as e.g. the
sign for “screw,d “revolute,”} “ prism,” and so on, is seldom suf-
ficient by itself. Most frequently some further indication is re-
quired as to the form of the body, as for example whether the
screw be external or internal, that is whether the screw-spindle or
the nut be meant. The geometrical basis figure is the same in both
cases, but there is a great difference between the forms in which it
is used. Signs serving to indicate this more exactly, which will be
used in connection with the name-symbols, we shall call form-

symbols.
In addition to these two classes of symbenls, a third kind is

intended that the letters and symbels should be put on the drawings themselves,

as Prof. Reuleaux suggests.
- * Willis : Principles of Mechanism, p. 343, (2nd. Ed. 292.)

T See page 91.
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required, its object being to show the mutual relation between two
or more elements of a mechanismy; whether two neighbouring
elements be paired or linked together: if the latter, what their
relative geomnetric position is; whether a link be fixed or movable
—-its relation, that is, to surrounding space—and so on. Signs for
these purposes we shall call symbols of relation.

The more exactly and explicitly the signs explain the kinematic
elements and their chaining the better will they serve the purpose
for which they are intended. We shall, however, be content with
a certain degree of completeness in order to avoid diffuseness; in
all cases, however, the signs will express the real and general
nature of the thing symbolized.

§ 55.
Class or Name-Symbols.

In chcosing symbols to indicate the class to which, considered
Kkinematically, a particular body belongs, we shall follow the
example set us 1n chemical notation, and use Roinan capital
letters, making these where possible the initial letter of the naine
of the class. The following twelve signs will be used to stand
for the bodies whose naines are placed after theme— |

S Screw, ' Sphere (Globe),

R Solid of Revolution (Revolule), A Sector or sweep (Arc),
P Prism, Z Tooth or projection,
C' Cylinder, V Vessel or chamber,

A Cone (Konus), I Tension-organ,

H Hyperboloid, @ Pressure-organ,

It may appear remarkable that the number of classes of
elements 1s so small. In fact, however, forms which can be called
kinematic all lie within such a limited circle that a greater
number of signs is not required, and it is advisable in all cases
to be content with as few signs as possible. The letters have
been chosen with care so as—se fai* as possible-—to suggest the
form for which they stand, and also to be available in other
European languages than our own. 1 can also say from experi-
ence that the recollection of the signs is no great tax upon the
INemory.
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§ 56.
Form-Symbols.

In choosing signs suitable for kinematic form-symbols we are
struck by the existence of a certain insufficiency, for our purposes
that is, in some very usual geometrical ideas or inethods. Tn
geometry the name given to a body of a certain form is that of a
portion of space limited by the same figure. In general it is the
portion of space inclosed within this figzure which is considered
to be the form of the body having the same name. FEvidently
there 1s here a certain indefiniteness; because the two portions of
space, the one outside and the other inside the figure, cannot both
be nieant at the same time.

For our purposes, however, it is necessary to distinguish between
these two, the portion of space inclosed by the figure, and the
portion inclosing it. Tf betiveen twn parallel planes, for instance,
there be a circular cylinder, its axis at right angles to them, then
the space inclosed between the planes and inside the cylinder
must be distinguished from that which is between the planes but
outside the cylinder ;—in other words we must know upon which
side of the cvlindrical surface the material forming our element
is placed. Ve call the body inclosed by the cylinder a full
cylinder, and that in wvhich it is inclosed an open cylinder. Ve
shall use for the forin-symbols of full and open* bodies respectively
the ordinary signs for plus and minus.

The plane liruitation of a solid of revolution requires also a
sign. It lies equally between the litnits + and —, and there-
fore may suitably be indicated by zero.

For curved profiles, that is profiles which are neither rectilinear
nor circular, we may use the circumfle x ;—we therefore have

*or full bodies ¢ for plane bodies
—for open bodies " for bodies having curved profiles.

These form-symbols will be placed above and to the right of
the classsymbols (excepting the circumflex, which will be placed
over the letter to which it refers), and in a smaller type. Thus

™ T use these words as being at the samg time shorter and more cxpressive than the
commoner’ ones solid and hollow.
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for instance we may use the following symbols for the forms
named :—

C+ Full cylinder, ¢~ @pen cylinder,

S+ Screw spindle, S— Nut,

K+ Full cone, £~ open cone,

K Plane cone (Cone having a vertex angle of 180°)

C Cylinder upon a general curvilinear base,
'+ the same cylinder full,

C- the same open,
P Prism upon a general curvilinear base.

‘We have cliosen the symbol V for a vessel of any kind. By a
suitable form-symbol we can make its meaning rmore definite in
certain special cases,—we can use }'+ for the reciprocal of the
vessel,—that 1s, a body touching it. all round upon its inner surface,
so that V- will stand for the vessel itself. ¥, for instance,
might represent a piston, ¥~ the cylinder in which it works.

Small letters sitnilar to those of the class-symbols will also
be used as form-symbols. They will be placed below and to the
richt of the former, and permit a distinct separation to be made
between the forms of various elements, so as to shut out all
raeanings but the one intended. The following may serve as a
few examples of this:—

C: Cylindrical spur-wheel, and from it

C} Spur-wheel with external teeth,

C; Do. with internal teeth, or annular wheel,

A7} Bevel wheel with external teeth, & face wheel *

H7 Hyperboloidal toothed wheel,
112 Hyperboloidal face wheel,*

¢C: Non-circular spur wheel with external teeth.

P, Rack.
C;r Cylindrical screw wheel.

7, Prismatic tension-organ, such as a flat belt.
Ty, Ty the same moving respectively towards or from its pulley.
T, Rope, T. wire, 7% common chain, 7% jointed chain.

* See Der Constructeur, 3rd, ed, p. 435 and 451,
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For pressure-organs we require to distinguish between gases and
liquids. We may use the Greek letters A and v for this purpose,
and thus haveo

@\ liquid pressure-organ, water, etc.
(), gaseous pressure-organ, gas, air, steam, etc.

In certain cases the pressure-organ consists of more or less
round grains, which may with sufficient accuracy be taken as
spherical, and therefore we have

@ or more exactly @ for a pressurc-orgzan consisting of
more or less globular portions,

We shall formx and use further cornpiund syrbols as we have
occaslon,

§ 57.
Symbols of Relation.

Of the relations which one element in a chain can have to
another the most important are those of pairing and linkage. The
first we may indicate by a conama. C, C' will thus stand for two
cylinders rolling together, €'+,C'+ would be used if both were full,
C-,C+ if one were full and one open. We shall always pre-
suppose that the comma indicates both the possibility and the
existence of correct pairing. Thus we shall not require any sign
beyond €'+, C'+ to show that the axes of the cylinders are parallel,
—while €'-,C'- is incorrect, for it is impossi®le to form a kinernatic
pair from two open cylinders.

Linkage will be denoted by a dot or dotted line. Ct..... C
for instance is a link having two full cylinders for the elements
which it conncets, €~ ..... €~ a link connecting two open
cylinders or eyes.

The fixing of a link may be indicated by underlining the dotted
lines. P+..... C* for instance stands for a fixed link connecting
a full prism and a full cylinder.

It may occasionally be necessary to indicate that a link is
elastic,—namely that it i1s a spring,~—in which case a wavy line
may be placed over the dotted one -~ -

- A number of other signs are partly the same as the common

arithmetical signs, and partly based upon them. They are as
follow .~
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= equal,> greater than, <T less than, oo infiniteg
| conaxial, || parallel, £ oblique, 1. normal;
/— crossed obliquely ; -+ crossed at right angles ;
+ equal and con-axial, # equal and parallel ;
o coincident ;
O conplane,— lying in the saine plane,
Z anti-parallel (in a quadrilateral),
< isosceles, or having adjacent arms equal (in a quadyi-
lateral).

The relations expressed by these signs may exist either betiveen
the elements of a pair or the links of a chain. In the former case
the comma between the two elements is omitted, and the symbol
itself is printed in a simaller type than in the latter.

If a hollow cylinder be paired with a geometrically equal solid
cylinder they are equal and con-axial, so that the comima would
have to be replaced by the sign 4=. If however such bodies, being
equal, are to be paired, they must also by necessity be con-axial,
so special indication of that relation may be omitted without
any loss of distinctness, and we may write the pair CX7'-, If this
be a closed turning-pair, the conditions as to the prevention
of cross-motions by a proper sectional profile (§ 15) must be
fulfilled. We shall here always presuppose that two elements,
the symbols for which are connected by the sign for pairing, form
a closed pair, unless the contrary be expressly stated. We shall
see furthaer on that in cases where they are not closed the notation
of the chain itself always makes it possible to do this. The three
lower pairs, then, twisting pair, turning pair, and sliding pair, have
for their symbols :—

Chole R*R- PLp-

The curved discs in the triangular, quadrilateral, etz, holow
prisms, (Chap. III), can be indicated generally by the formula

¢+ P-; they fall therefore in one and the same class of pairs.
With respect to the simple turning pair, 2+ £-, in which the most
various profile forms may be used so long as the pairclosure
remains, it will be noticed that as far as the relative motions of its
elements are concerned it does not differ from the closed cylinder
pair C*C-, TIn most cases it is therefore allowable to write CXC'-,
instead of A-R-. The idea is someyvhat sitopler, the evlinder instead
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of the revolute, and in machines actually the special case C' of
the body B is almost always used. Itis only in very special cases
that we shall find it necessary to adhere to the strictly general
notation.

Symbols of relation between the elements of a link will be

placed in the dotted line. Thus C*...||... C* stands for the
linkage of two parallel full cylinders; C'-.. |l... C- for a linkage
of two parallel open cylinders, that is, a connecting rod;
Ct...|...C* a spur wheel attached to its con-axial shaft;
Cr...]...C~ a spur wheel with a con-axial open (bored-out)
boss.

A special indication is sometimes required for incomplete
pairs. The first necessity is here a symbol for incompleteness, and
for this we use the ordinary sign of division, so as to allow the
method of closing to be indicated by a divisor. _

To indicate merely the incompleteness of a pair we may use
the divisor 2, considering the piece or element as halved. If it
be completed by force-closure, the divisor / (force) may be em-
ployed. For closure by a kinematic chain we choose the divisor
k; if the chain-closure occur by means of a spring we substi-
tute for this Z; and, lastly, if closure be effected by a pair (§ 47),
we shall use the divisor p. We therefore have the following :—

-(J; a portion of an open cylinder,

C+ . i

7h a full cylinder paired by force-closure,

C+

- do. paired by chain-closure,

O+

5 do. closed by a spring,

O+

b5 do. closed by a pair of elements.

If any link used for chain-closure have a special indicating letter,
as @, b, ¢, etc. (as we shall see to be sometimes the case), this
also can be placed in the divisor so as to indicate distinctly the
method of closure. 'We shall find further on frequent applica-
tions of these methods of symbolization.

K S
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§ 58

Formuls for simple Kinematic Chains and
Mechanisms.

Tnalescribing a completeckinematicochainbyaymbolsowritten,as
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bolso- and + arei is i
able without alteration of the pairs, socthat in the formulabefore
us all the links might be indicated by the same symbols. Closer
examination changes the defect into an advantage. The links

e e s

they areeally alike. A clear indication of this is necessary

fartheaealization ofothe abstrastaform of themechanism,for the
perceptionfoitacessentinlnature wnder its materi In
the mechanisny of Fig. 180 the ordinary mechanic sees & “ beam”
driviog a “ crank,"—79 is the arm of the beam, de the conneeting
rod, be ehe crank, and a & thedrameof Lheanaclnwe, formeddnothe.
d mppnned
s0f
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entirely omitted from the figure. The inconsistency is no
doubt explained by the tacit assumption made that the paper
formws as it were the frame for the three moving parts whose
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Thetdeseription of thetmechanisir given by ourtfurnula is spec

ideas. 1t might be asked, however, whether the formula should
jons between the lengths of the different
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pecinlstudy
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it possible further on to employ a method of indicating the
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Ltjointt
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The chain which constitutes this joint has four links, which are
marked in the figure with the letters a, b,¢, aud d. The link a is
paired with & by the turning-pair 2. Normal to this turning-pair
is another, 3, which has its open cylinder in the fork of &, and its
full cylinder in the sloping arm of the piece ¢; the link & must
therefore be written C+ ... L ... (-, It must be noted that the
lower and upper arms of the fork form together one piece only, and
must bereckoned as such; the same is true of the two ends of the
arm of ¢, which kinematically form a single element only. The
piece ¢ consists of two solid cylinders, 3 and 4, having their axes
crossing at right angles, and it must therefore be written
C+... 1L ...C+ The third link, the fork and spindle d, is similar
to b, and will be written in the same way. The fourth link e,
lastly, consists ofotwo open cylinders, 1 and 2, oblique to each
other, and so must be written €-... £ ... C-; 1t is a fixed link, as
its form in the figure shows. The complete formula, therefore (to
which we have added the letters and numbers used above to dis-
tinguish the links and pairs), runs thus :—

C+..d..C2C+*..L...CtC- 0. 1...CLC-...L...C-
2 3 4 1 2

5 = = e, T . =

A= -
— —j

b c a? o

There is one geometrical property of the chain which is not
shown by our formula, namely that the axes of the pairs 1, 2, 3,
and 4 have a common point of intersection. But unless the chain
possessed this property it would not be possible, on our supposition
that all its pairs are closed. No special indication of this property
i3 therefore commonly necessary. Our formula shows, however,
that the three links b, ¢, and d are again identical. This circum-
stance is very notable, and we shall later on have to deal with it
in another form; the common construction of thejoint so entirely
conceals it as to make it almost unrecognizable.

The belt train, the kinematic nature of which we have already
examined, will be written as follows :—

TE.. L. T5Br . | CLC- . || OZ0F ... | BY,

The tension organ used here is a flat band, and is therefore marked
with the suffix p (prismatic); it rolls both onoto and off each
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pulley, andt thereforet receives thetsigns %, these beingtre-
versedt because the portion of the eforun i D
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ontaccount of the inequality ke Al it o ot
the symbol Z, oblique, to the sign £, If the belt were crossed
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we should have had to substitute for £ the symbol /~. The
rest of the formula is clear from what has gone before. Put
into words, the whole stands thus: “ Kinematic chain consisting
of two unequal revolutes connected by an endless band touching
them externally, each being provided with a con-axial cylindric

spindle, and the two spindles working in parallel bearings in a
stationary supporting plece

The simple spur-gearing of Fig. 183 is written,
C+ ...|..CH OF ...1...CL0- ... ...C"

The links coming first in the formula are the two spur-wheels with

their shafts, the last is the (fixed) bar carrying the bearmos The
annular gear of Fig. 184 is written :(—

C*t . CHCF v | oo CXC- o] o. O

The first link is here the wheel @ having external teeth, the second

is the annular wheel b, and the third i1s again the bar ¢, the latter
being supposed fixed.

§ 59.

Contracted Formuls.

If once the separation of a chain into links and the special ex-
amination of the latter has been completed—so that they may be
assumed to be already known—the formula or symbolic deseription
of the chain may be in many cases greatly shortened. There are
several possible forms of contraction, which we shall examine in
order.

Firstly, in the case of the lower pairs, and of some others in whlch
the partner elements have the same name-symbol one letter may
frequently be made to suffice for a pair of elements if it be used
along with some distinguishing mark. For this purpose a paren-
thesis can be used, so that we may ewmnploy as contractions :

(8) for the twisting pair SXS-
(C) s 5 turning cCiC-
(P) s 3 sliding PrpP-
(C.) for a pair of spur wheels C,,C: )
(K.) » . o, bevel , K, Ke
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and so on. This allows us, for example, to write the chain repre-
sented in Fig. 179 as:

CFei || (@) || o(C) o ... (€)oo ] ... CZ

Here only the elements of the first (and last) link require to be
written separately with their form signs—the one letter in the
parenthesis standing for a pair of clements. The same method can
be carried further; it allows us to write certain simple kinematic
chains in a still shorter form, for where we have the parenthesis the
relations of the linked elements are sufficiently defined without the
use of the dotted line, which may therefore be omitted. This is
certainly the case In the present instance, where the same relation
—parallelism—exists between all the elements forming links. In-
deed we may in these circumstances extend the parenthesis so as
to include several, or the whole of the links. Thus for certain cases
we may compress the above formula, without making its meaning
uncertain, into the symbol (C), in words “ C parallel four,” ore“ C
four parallel,” and meaning “a chain formed upon four turning
pairs, consisting, that is, of four links, each connecting two parallel
cylindric elements.” Such a contraction presupposes in all cases a
familiarity with the way in which the chain can be formed out of
its elements ; its form, however, is so concise as to leave nothing
to be desired in this direction. The chain forming the universal
joint, Fig. 181,—to take another example,—allows itself to be
written (C'3 C5), in words, “ C normal three C oblique”; the spur-
gearing of Fig. 183 may be written (CFC?7), in words,e‘ C plus z C
parallel two,” and so on.

These concentrated symbolic forms seem at first suitable only for
the kinematic chain, not for the mechanism formed by fixing one
of its links; further on, however, we shall find means for making
use of them in these cases also, within certain limits.

§ 60.
Formuls for Compound Chains.

In the simple kinematic chains the choice of the link with which
to begin the formula was to a certain extent arbitrary. This strikes
us still more in compound chains, and makes it appear at first sight
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difficult o attain the required distinctness. A little
experience, however, enables this to be cbtained, asa few examples
willshow.
We havebeforeexamined(§ 3) the chain representedin Fig 185,
i indric pairs. Ttois
chnnm((]") bytheaddition ofdwomoredinksofthedorm C...]...
ind possesses, tncnamnsymmeuynn[mrnlxgem:nmmuhnﬂngnlwo

This
iso madeo more distineto by theo schematic representation in
Fig o186, inavhichalsootheodimensionsoare 30 chosenoas toomake
the chain symmeurical The tuming-pairs are bere mumbered

from 1 to 7.

fivelinkedocylinder-chainsol, 3,06, 5 and 1,@6.7, 5—inavhich

the links 1,2 and 1, 5 areocommon, theocylinders 2, 3, 6 united
47

into another, Toudistinguish between links containing two,and

8
linksocontainingothree elementsove way call them binary and
ternaryolinksorespectively.

Wemay now proceed by first writing down these two five-linked
cylinder-chains—neither of which is by itself constrainedly closed
—singly, and then as it were adding them togetber—that is
‘putting a single sign only where pieces are cemmen to bothchains,

* Fintly i i s admd eh and
conuection by &1 and 0
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We obtain the following result (using the contracted symbols for
all the inner pairs) :—

1 9 3 4 5 1
Ct oo feei (C) e | e (€) e[| oo (©) || o (€) eun ]| .. €2
CF veil| oo €) ce | oo (€) e [ oee (€ o || won () o[ - €2
1 9 6 7 5 1
1 2 3 4 5 1

- (b) e (0) i | N
C+...|... (C) ... 11“ (g) o “.(67,) ?51 S (0 NP | S 4

The compound formula resulting from the addition—and to
which, for explanation’s sake, we have added the numbers of the
turning-pairs—may be considered as
one which really allows the nature of
the chain to be seen, for it distinctly re-
5 ¢ produces its symmetrical arrangement.

It is possible, however, to bring the for-
mula into a still clearer shape, which
may be useful in some cases. Noticing,
namely, that the four turning - pairs

T ————¢ Within the brackets form by themselves

F1c. 186. a simple closed cylinder-chain (CY),

and at the same time that this whole

chain has taken the place before occupied by a pair of elements, we
see that the whole formula may be written,—

1 2 3.4.7,6 5 1
Ct v e (C) | oo (€D e | o (€) oo || .=

so as to take up much less space than before. The formula conld
be used in this shape for the mechanism, also, if the fixed link
were 1.2, 2.3, 1.5 or 5.7—Dbut if the fixed link be one of the inner
group, 3,4, 7, 6, the more extended formula must be employed.
'We may choose a train of spur wheels as another illustration.
Fig. 187 represents a cornpound mechanism of this kind with two
pairs of wheels @, b and ¢d. The wheel ¢ is fixed to &, the three
spindles con-axial with the wheels have their bearings in the ternary
link 1. 2. 3, which is here the fixed link. The formula may be

arranged in several different ways.
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The meaning of this formula is exactly the same as that of the
last. The part of it within the brackets, however, shows itself at
once to be a simple kinematic chain, consisting of the wheels ¢
and 4 and their connecting link 2, 3. If we use for this the con-
tracted symbols of § 59, and contract also the symbol for the pair
a, b, we have:

1 a,b ¢,d, 3, 2 1
Ct+..l.. (€% ..l..(ctcyy... ... C2

In some cases it will be quite sufficient to write this in a still
shorter form—extending the use of our former method of contrac-
tion,—as (C C%) ; or generally for an n-fold train of spur-gearing
(C+C".), where for n pairs of wheels there are in general » + 1
axes, or rather turning-pairs (C), required.

§ 61.
Formule for Chains containing Pressure-organs.

In order to find the formula fora chain which contains a pressure-
organ it is frequently advisable to imagine the substitution of a
rigid elenent for the latter—the pairing being obviously somewhat
altered in consequence—and then to transform the formula thus
obtained by the re-insertion of the pressure-organ.

In order, for example, to express by a formula tlie water-wheel
(Fig. 188) which we have already looked at, we may first replace
the water by a rack with a prismatic guide (Fig. 189) so arranged
as to drive the spur-wheel ¢ by its own weight, i1ts action being
thus similar to that of the fluid for which it i1s substituted. The

formula will run:
c+...|...Ct P, ... . PEP- ... 4 ... 0C

If we now change the link P, ... | ... P* into Qa . ... e Qr—
replacing the water for its temporary substitute,—we must put V-,
the symbol for a vessel of any kind, for P-, and so obtain as a
formula for the water-wheel,

Ct...] ...C%L, Q\...... O, V- ... + ... C.

If it require further to be indicated that the channel is un-
covered, the water being paired with it, that is, by force-closure,
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We muy here also use the abridged notation. Inotheofirst
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object if possible not to use two capital letters in the contraction
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formula, but treating them similarly to the one just discussed, we
may writea

(Cx) for C,,Qx
(VR) for V_JQA .

 The index A stands as contraction for q, , and is sufficient to make
the pairing of C, and ¥V respectively with a liquid quite distinct.
For the kinematic chain of Fig. 188 we therefore obtain the
concentrated formula (0’ C,. ¥, ), which, as we have seen, serves
as well for the water-wheel as for the lift-wheel and the paddle-
steamer.

§ 62.

Contracted Formulae for Single Mechanisms.

The abridged notation which we have described for kinematic
chains cannot be applied to the same chains in the form of mecha-
nisms without some additions,—for it shows only pairs and not
links, and therefore does not in itself furnish any means for indi-
cating the fixing of a link. It is, however, most important that we
should have the means of extending these concise,—and yet for so
many cases quite sufficient,—symbols to mechanisms.

Although this cannot be done by such logical generalizations as
those by which the contractions were arrived at in the first in-
stance, still in the chains which are most important to us the end
can be obtained by various special means. These means are the
giving of definite name-symbols, settled by agreement in each par-
ticular case, to the separate links of the chain. If this be done,
and the nmame-symbol of the fixed link,—as the one about which
something special requires to be indicated.—be assigned some par-
ticular and conspicuous position in the formula, we have obtained
an abridged notation for the mechanism.

We choose the letters of the small Roman alphabet for the link
symbols, beginning with « in each case, and going on as far as may
be necessary; theletters indicate in themselves therefore no quality
or form. To prevent any confusion arising between these letters
and the form-signs, we give the former a specially distinctive posi-
tion 1n the formula, namely, that of an exponent outside the
brackets which inclose the symbols of the pairs. Only one letter,
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here without any geuneral gualitative meauing—there is no special
connection betiveen the symbols and the links for which they
stand. The only direction in which they have a partly general
character is In their alphabetic sequence—their order, that is, may
be not without significance. 'Where possible we may begin with «
at some specially distinctive link,—-such as the crank in the case
supposed,—and so greatly facilitate the recollection of the meaning
agreed on for the symbols. The applications of this contracted
notation, as we shall find in the sequel, prove it to be of the
greatest value.

Our method of symbolization, lastly, allows a further and most
useful piece of information to be brought into the formula. It is
frequently important to indicate that link of the chain to which
the driving effort is applied, or through which the mechanism is
moved. TFor it is evident that there is an immense difference
between two mechanisms—otherwise the same—if one be driven
by an effort applied to the link @ and the other by an effort applied
to 5. We had a striking example of this in the mechanism ef the
water-wheel and the lift-wheel. Both would be indicated by the
symbol (C'C,V,), while the transmission of motion in them
would be essentially different.

It becomes evident on looking into this matter that this formula
is of the nature of a general or indeterminate formula for
both mechanisms,—which it must bec our object to turn into
a special or determinate formula for each of them. We
may do this, and supply the information that is wanted, by putting
the symbol for the driving link as a denominator in the exponent.
The latter will then show the fixed link only in the general
formula, but in the special formula it will be fractional, its
numerator indicating the fixed, and its denominator the driving
link. The choice of the fractional form is justified by the analogy
with the symbels for force- and chain-closures which were fixede
in § 57.

Thus for example the mechanism (€&)¢, if the crank be the

driving link, will be written (0;')5,——in words “ C parallel four on
d by a,” the latter part being a centraction for “placed on d,
driven by @.” The same mechanism, if driven by the lever, has
3

for its special formula (C%)<; the general formula (C'%)* being

of course common to both mechanisms. The water-wheel will
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now be written (€’ Ca¥Va)s, the lift-wheel (C"CaPa ):";

the steamer (C’szVx):*. These last examples already show
in the most distinct way the usefulness of our fornwmla. For
the mere transcription of them is sufficient on. the one hand to
show the intimate connection between machines which con-
structively seem to stand so far apart, and on the other hand, to
indicate definitely and simply the true diffierences between thetn.

The special formule of mechanisms are chiefly useful in the
analysis of complete machines,—that is, in reference to the
applications of mechanisms,—while the general formula com-
monly suffice for their abstract representation. Here, too,
however, the special formula are often very valuable, as
showing which of the link motions is to be considered as the
independent variable. 'We may now proceced to the systematic
application of the kinematic notation; in the following chapters
we shall have to make extended use of both kinds of formul:e.
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