


- TREATISE

ON

MODERN HOROLOGY.

RN



PRINTED BY H. BLACKLOCK & 00., 75, FARRIXGDON ROAD, B.C.




e e g - .
9
N -

A TREATISE |

MODERN HOROLOGY®

THEORY AND PRACTICE

TRANSLATED FROM THE FRENCH OF

CLAUDIUS SAUNIER

EX-DIRECTOR OF THE SCHOOL OF HOROLOGY AT MACON

JULIEN TRIPPLIN, F.R.A.S. /

BESAN(;ON WATCH MANUFACTURER
EDWARD RIGG, M.A.

ASSAYER IN THE ROYAL MINT

WITH SEVENTY-EIGHT WOODCUTS AND TWENTY-TWO COLOURED COPPER PLATES

Second Goifion

LONDON
CROSBY LOCKWOOD AND CO.

7, STATIONERS’ HALL COURT, LUDGATE HILL
1887 Lo
(ALl rights reserved ]




(A1

This Work was honourcd with a First Ciass Medal in 1867, and a
Gold Medal and Honourable Mention in 1868 ;
and the Translation by a Diploma of Merit, Mclbourne, 1880, and a
Gold Medal, Paris, 1881,
“ For Services rendered to the Cause of Horology.”
The Translators have also recetved the Palmes of the French Academy, 1885, and
. the thanks of the British Horological Insticute.”’

Kt -



AUTHOR’'S PREFACE.

THE publication of the first edition of this work commenced
in numbers, in the year 1861. I consider it necessary to
mention this fact, because several of the original explanations
it contains were, during its publication, given in the works of
other authors without any indication of the source from which
they had been derived.

Technical works, especially such as treat of the watchmaking
art, would without question be more easily understood if they
could be made brief and didactic ; but such a practice at the pre-
sent day, when theoretical instruction is unfortunately but par-
tially accessible to watchmakers, would defeat the object of the
author, which clearly should be to place such information, as
well as practical results thoroughly established by experiment,
within the reach of manufacturers and all others intcrested in
the subject.

This fact will not only explain the elaborate details which
I have given in considering certain subjects, but will also
justify both the plan of the work and the method adopted in
the theoretical and practical explanations.

It is unnecessary to cnumerate the novcl features in the
work, or to refer to the toil which its preparation has involved.
Any one will be able, after consulting former treatises, to do me
justice in this matter. I would only add that my chief aim
has been to make the volume uscful to the greatest possible
Tnumber of those who live by our delicate and difficult industry,
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and, at the same time, to be honest both in style and in the
opinions I express; only asking that those who succeed me or-
who discuss the principles which I have laid down, will judge
me as I consider myself at liberty to judge others.

I have pursued my researches and my various experiments
just as they are here described ; without prejudice, and endea-
vouring to be just and truthful in all cases, especially where I
was compelled to discuss individuals.

I will conclude by the expression of a hope:

May a highly intelligent young student of the subject, with
an honest heart, untainted by any of the paltry jealousies with
which he may, as I have done, come in contact in the course of’
his labour, enter on the rough but useful path which I have
opened up; may he surpass mo in his success and I shall be
the first to congratulate him, on condition that he is careful to
respect names as well as opinions, which, although possibly at

- times erroneous, are nevertheless conscientious. He will thus.
do himself honour, and the practice of kindliness and modesty
will become easy to him if he keeps in mind that sentiment
of Pascal’s, ““ We should see no farther than those who have
gone before us, did not their knowledge scrve as a stepping
stone to our own.”

CLAUDIUS SAUNIER.




TRANSLATORS' PREFACE.

VEry little explanation is necessary as to the circumstances that
have led us to undertake the preparation of an English edition
of Saunier'’s celebrated Trai#é d’Horlogerie Moderne. England
has 80 long held a foremost place in the manufacture of instru-
ments for the accurate measurement of time that the almost
total absence of horological literature is a matter of no little
surprise. Periodicals, such as that published by the British
Horological Institute, are of great value as affording a medium
for the interchange of ideas between watchmakers and others,
and for discussing doubtful points in connection with their art,
but such journals are only in a position to supply fragmentary
instruction for the younger members of the craft, for whose edu-
cation a systematic treatise, such as that of M. Saunier, is es-
sential. Indeed, the technical ignorance, too often displayed by
working watch and clock makers and jobbers, cannot be
wondered at so long as this want is left unsupplied. ,

But the usefulness of such g treatise does notstop here. The
manufacturer and the foreman will find in it a collection of
technical details that cannot fail to be of the greatest service
to them whatever be the branch of hdrology on which they are
engaged, and the amateur will welcome the scientific discussion
of an important and fascinating mechanical art in an exhaustive
manner never before attempted in this country.

In all the mechanical industries great efforts are bemg made
at the present day in the cause of technical education, but in
order that such efforts may be successful it is of the first import-
ance that sound textbooks and competent teachers should be
provided. We believe the.present volume well supplies the
first of these wants as regards the science and art of the

-
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subject with which it deals, and, although the number of those
that are both able and willing to undertake the duties of
instructors may, at present, be somewhat limited, it is reason-
able to hope that, as the real demand for technical training
increases, more teachers may be rcady to help in the work.

When this translation was first undertaken, in 1877, wo
anticipated that a supplementary volume then in preparation
by M. Saunier would be published in time to form part of the
work. Although this hope has not been fulfilled we have
arranged with the author to translate the appendix imme-
diately on its publication. It will be devoted to the subjects
of electrical and turret clocks, springing and timing and depths,
as well as all the more recent researches connccted with the art,
and will be illustrated by 9 additional plates.

In the meanwhile we are preparing a Watckmalker’s Handbook,
based on the Guide-manuel de Vhorloger et Recueil des procédés
pratiques of M. Saunier, which, in addition to a detailed descrip-
tion of the various tools and instruments employed, will contain
unusually full practical explanations of the mode of preparing
and working metals, methods of constructing and repairing the
several parts of watches, etc., together with many useful tables
and receipts. To this work reference is frequently made in
the present volume. )

Feeling that the utility as a work of rcference of such a
treatise as that now presented to the horological reader depends
in no small degree on the fulness of the index, we have pre-
pared an entirely new and very full one containing over two
thousand references ; and it is believed that by referring to it,
to the table of contents or to the key to the plates, the reader
will in all cases be enabled at once to find the subject of his
search.

Measures of length and weight have for the most part been
given both on the imperial and metric systems, but tables are
also given at the end of the volume by the aid of which any
required conversion can be effected.
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PART 1.

ESCAPEMENTS.

INTRODUCTION
TO THE STUDY OF ESCAPEMENTS.

Preliminary Considerations.

1,—EvErY machine intended for the measurement of time
is composed of two distinct portions: One, the ¢rain, consists
of a succession of toothed wheels, whose function it is to transmit
to a definite point a motive force produced by a weight or
spring; and the other, called the escapement, is a special
mechanical appliance adapted to the end of a train of wheels in
order to prevent a too rapid motion, and to regulate the expendi-
ture of the motive force in such a manner that it is allowed to
exhaust itself with the requisite slowness and uniformity,

The theory of depths should thus precede the theory of
escapements. We shall, however, for reasons given in a sub-
sequent paragraph (1029), commence with the latter; but it
should be observed that a knowledge of these two theories,
depending as they do on identical mechanical principles, is of
equal importance for attaining to precision and a permanent
adjustment of watches, clocks, and other horological appliances.

2.—Few branches of Mechanics have afforded a wider field
for the ingenuity and sagacity of inventors than escapements;
and there is hardly a single watchmaker of note who has not
produced one or more of original design. Thus the number of
escapements is known to exceed a hundred; but they do not
constitute an embarras de richesses, for only from ten to fifteen
of this number have been retained in use, and the others, as
Moinet wisely remarks, are rather examples of what is to be

avoided than patterns to be imitated. '
' Such & result was, however, only natural; the majority of
those who have produced novel escapements have been nearly,
if not quite, wanting in that mechanical knowledge which is
indispensably necessary. In their vanity, as skilled workmen,

they were satisfied that skill alone, the genius of natural inven-
1
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tiveness, or rather some lucky and fortuitous hit, would enable
them to discover the secret of the exact measure of time far
better than a careful study of the laws of Mechanics. A mass
of designs, false in principle, and more or less identical, was
the consequence of this impression ; indeed, in several instances,
successive generations of inventors have followed up the appli-
cation of one ingenious but erroneous idea, and kept dropping
into the false track already trodden by their ancestors.

3.—It is a fact well worthy of note, which we especially
commend to the notice of students, that all those escapements
which have held their place, were designed by men who were
good mechanicians, that is, men who supplemented a long and
painstaking experience by sound theoretical knowledge.

Classification of Escapements,

4.—Escapements are commonly divided into three prin-
cipal classes, which may again be considerably subdivided :

I. Recoil escapements, so named because, at a certain period
of its action, the wheel moves backwards or recoils in & manner
more or less marked. The verge escapement in watches and
certain forms of anchor in clocks may be referred to as examples.

II. Dead beat escapements, characterised by the fact that,
except during the actual impulsion, the wheel remains
stationary, a point being supported either against the axis of
the balance itself or against an accessory piece, concentric with
this axis, which catches it in its movement of rotation. Such
are the cylinder and duplex escapements in watches, and the
pin escapement and Graham’s escapement in clocks.

III. Lastly, Detached escapements, which are also dead
beat escapements, but whose principal characteristic consists
ip the fact that the balance performs its vibration in absolute
independence of the wheel, except during the very brief periods
of impulsion and unlocking. The wheel, then, does not rest on
the axis of the balance, but on an intermediate and distinct
piece. The lever escapement in watches, the detent escape-
ment in chronometers, as well as several forms of escapement
employed in clocks, come under this category.

6.—Some authors introduce & fourth class, including the
constant force or remontoir escapements, but both theory and
experience go to prove that, except in a few special cases, these
arrangements, so expensive and so difficult to construct and to
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keep in repair, have objections when employed in time-keepers
of small dimensions with no sufficient counteracting advantage.

It will be subsequently shown, especially when we come
to the portion of the work relating to turret clocks, in what
special cases remontoirs can render real service.

Incompleteness of this Classification.

6.—The division into recoil and dead beat escapements,
although usual, is not sufficiently precise.

In the case of the duplex escapement, justly placed in the
latter class, the wheel at a certain period moves slightly for-
ward and then recoils to the same extent. Certain forms of
anchor used in clocks produce a recoil, which, when the
oscillations are short, commences or terminates an interval of
rest. They thus partake, although in unequal proportions, of
the nature of each class, and the same may be said of those
which rest on one side and recoil on the other, etc.

Comparison between Recoil and Dead Beat
Escapements.

¢.—The majority of authors consider the recoil escapement,
from the very fact of a recoil existing, to be the least perfect
of those in ordinary use; but this decision is too absolute
to be regarded as authoritative. The characteristics of the two
classes of escapements are so manifestly different, that what is
true of one, is not to an equal extent true of the other. The
verge escapement, having a very considerable rccoil, is justly
placed lowest in the scale of comparison, and yet the duplex,
notwithstanding a slight but visible rccoil, surpasses some dead
beat escapements in maintaining the going of a watch uniform,

8,—The recoil is sometimes taken advantage of to neu-
tralise the inequalities of the motive power, as is shown by the
frequent employment of small anchors in ordinary timepieces;
but care is necessary, in such cases, to avoid all prejudicial fric-
tion, which would inevitably occasion variations. The regularity

of clock escapements with a considerable recoil is, in conse- °
quence of this fact, inferior, in nearly all cases, to that which we -

should obtain by replacing them by dead beat escapements.

~ Theexpression ‘considerable recoil” is here used advisedly;
for if the effect of the recoil is retained within definite limits,
and if its action commences only at a particular period in the
interval of rest, beneficial results are obtained. This, at least, has
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been established both from theoretical considerations and from
an experience extending over more than twenty years, by a
gkilful French mechanician, M. Rozé.

Comparison between Dead Beat and Detached
Escapements.

9,—The escapements in which friction occurs nullify
inequalities in the motive power sufficiently for ox:dmary
purposes without being supplemented by the principle of
isochronism, or by compensation for varying temperatures. But
when the surfaces resting in contact are considerably reduced,
these escapements lose their correcting properties; and if, on
the contrary, they exceed certain limits, they give rise to the
numerous perturbing causes occasioned by excessive friction,
ete. Theory and experience have pointed out the best inter-
mediate form, and it appears that the principal condition of
attaining it consists in establishing a certain relation between
the size and weight of the balance, and the radii of curvature
of the surfaces between which friction takes place. This
subject will be subsequently reverted to.

10.—The detached escapements employed in watches are
considered preferable to those in which the rest is frictional,
and a greater degree of precision can be attained by means of
them. Their oscillations, except during a very brief interval,
take place without contact with the motive power, and thus
the friction is reduced to a minimum. It is, however, im-
portant to distinguish between the requirements of every-day
life and those of science, for, as the mutual actions are more
delicate, the balance more free, and the friction less, so the
adjustment of the balance for temperature and the isochronism
of the balance-spring must be more perfect. Thus, for example,
the chronometer escapement, which gives such excellent results
when these two influences are properly co-ordinated, gives,
without their adjustment, less satisfaction to its possessor than
a good lever movement ; in this, nevertheless, the frictions are
far more numerous, and it does not require, in the same
degree, these two accessories in order to give results that are,
after all, more than sufficient for ordinary purposes.

11.—In timepieces, the dead beat escapement is usually
preferred to the detached escapement; the reason for this will
subsequently appear.
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12,—In conclusion, then, before asserting the excellence of
any one form of escapement, or its superiority over any other,
it is important first to clearly explain the use to be made of it.

GENERAL PRINCIPLES

Deduced from the Laws of Mechanics and from
Observation.

13.—In order to judge of the merits of an escapement,
whether old or novel, to foretell its good and bad qualities, to
improve it or alter it by suitable modifications, and not at the
same time to fall into old and disused forms, it is necessary to
bring to bear on the study of the subject not only a rich
store of observation derived from a systematic examination of
old designs, and a long and sustained handicraft, but also a
thorough knowledge of the general physical and mechanical
conditions which are involved. Those who desire to grasp the
question cannot afford to be ignorant of these points, still less
those who hope to design something which, if not good, is at
any rate novel. This ignorance is nevertheless sadly common
amongst the inventing class.

A theoretical principle is a reliable guide, but, to apply it
intelligently, experimental data are essential. The mathe-
matical formula, in its unyielding strictness and its absolute
precision, shows us the goal to be aimed at; but the practical
man must choose for himself the route by which to reach it, for
he alone is able to understand the difficulties involved, detecting
the obstacles which either the nature of the material operated
upon or the lack of mechanical method throws in his way.

We proceed to epitomise and to briefly develope the
general principles which should guide a maker or inventor in
designing an escapement. Our readers, whom we assume to
be familiar with the practice of watchmaking, will sece, after a
careful perusal, how easy it is to apply these principles with
advantage to the consideration of escapements now in use, and
which will be described subsequently.

ELEMENTS OF APPLIED MECHANICS
For the use of Watchmakers.

14.—Not unfrequently at the present day one meets with
mechanicians, even among the simple artisans, who possess a
certain amount of theoretical knowledge, and know how to
render it serviceable. Watchmakers, with but few exceptions,
are very far from being favourably placed as regards pro-
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fessional instruction, and this disadvantage is doubtless one of
the causes which have contributed to bring about the present
depressed state of Horology, taken as a whole.

The aim of the following work, which only requires a little
attention and natural intelligence, accessible to everyone, for
its proper understanding, is to remedy this’ deplorable state of
things, by enabling each watchmaker, by himself, to acquire a
clear notion of the laws of Mechanics, and to be able, through
knowing the causes, to rectify many faults which pass current
among the so-called enlightened public. He will derive this
double advantage; he will rise in the estimation of his
customers, and will be helped in his daily work in a manner
he could not have suspected.

But does this imply that the following epitome pretends to
be a treatise on Mechanics? No. Its intention is less ambitious,
for it is written expressly for one particular class of readers. To
take the practical man in hand, to lead him from facts which
require but simple argument to those of a class somewhat more
advanced ; to instil into him healthy ideas, by impressing him,
so to speak, with a desire for knowledge and a conviction of its
use, at the same time smoothing down the early difficulties
which lead to it: this is our aim, this our ambition.

Forces.
Of two kinds.—Mechanical Effect.—Power.—Resistance.
15.—Every cause which produces, modifies, or stops the
motion of a body, is a force. It is either a power or a resistance.

Forces have two characters: the one active, the other passive.

They can produce a motion or else stop one already in
existence, by acting in a direction opposite to it; thisis the
characteristic of active forces; such, for example, as the action
of a weight, the effect of a coiled spring, the fall of a liquid, etc.

Passive forces can wholly or partially destroy motion, but
are unable to produce it; such are friction, stiffness of cords, etc.

16.—It follows from .these definitions that certain forces
are active or passive, according to circumstances; thus we
shall see that inertia which, in & moving body, is an active
force, becomes passive when the body has been brought to a
state of rest. The same is the case with the air, which may
behave either as a power or a resistance.

Although the nature of force is unknown to us, we can
easily detect it by its effects.
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The value of a force, whatever it be, may be represented
by the number of units of weight, for example the pound and
its derivatives, by which it can be counterbalanced.

172,—Every means whereby motion is communicated to a
body is called a motive force, or simply a motor. Any body
moved by such a mofor is called a mobile.

Quantity of Work or Mechanical Effect.

18.—The quantity of work obtained from a machine, that

is, the useful effect, or otherwise the mechanical effect, is equal to
the sum of the powers diminished by the sum of the resistances.

Power.

19.—Generally, every force causing motion is called a
power, and every force, active or passive, opposing that motion,
is called a resistance.

Powers, in Horology, are generally of two kinds; weights,
which act in virtue of gravity or terrestrial attraction, and
springs, whose action depends upon the physical laws of
elasticity.

Resistance.—Different kinds in Horology.

20.—As we have already seen, every cause which opposes
the motion of a body is a resistance.

The kinds of resistance which affect the body when at rest
are adhesion, inertia, pressure, viscosity of oil; and when in
motion, friction, the air, and, in general, every influence acting
on the moving body in a direction contrary to its motion.

The detrimental effect of adhesion will be pointed out sub-
sequently (35); inertia also will be considered in a separate
article (29).

21,—The resistance of the air is proportional to the surface
of air displaced. A change in its density, therefore, causes the
value of this resistance to vary.

Although changes in the density of air may be neglected
when considering slowly moving bodies, such is not the case
with those that move rapidly. But since it is usual in
Horology to give to moving parts forms which displace but a
trifling quantity of air, its influence is reduced to a minimum,
and, until the reverse is shown to be the case, may be treated
as inappreciable in ordinary horological appliances.

22.,—Friction and pressure are, in machines, the most
detrimental forms of resistance. The first diminishes according
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as the surfaces are more and more smooth, and, conversely,
increases as they become more rough.

23.—If an oily substance be interposed between the
rubbing surfaces, an amount of motive power, equivalent to the
excess of resistance before its application, is set free. This
statement is strictly true for Mechanics in general where both
forces and pressures are more or less considerable; but the law
appears, -from numerous experiments, to be at fault as soon as

' we attempt to apply it to the very slight pressures and excessive

velocities met with in Horology ; and this is especially so at
the last wheels in the train in watches.

In such cases, the stickiness of the oil causes irregular
effects of adhesion which have a certain energy as compared
with the slight force which animates the mobiles. It is even
capable, especially after the lapse of a short time, of producing
a resistance in excess of-that between two perfectly polished
rubbing surfaces. This may be demonstrated on very small
new watches, freshly cleaned and jewclled with real rubies, and
with hard pivots ; they will (providing the motive force is slight)
move more briskly for some minutes with no oil on the escape-
ment pivots, than when the oil has been there for some months.

A magnetic needle moves more freely when the point on
which it rotates is dry, than when oil is applied.

In considering the action of delicate mechanism, then, we
cannot afford to ignore the resistance caused by the oil. We
shall presently give an approximate estimate of its amount (42).

Momentum.

24.—When a hody strikes or pushes against an obstacle,
the latter is influenced by an amount of force dcpending on the
weight and velocity of the moving body.

The power exerted is in fact equal to its mass multiplied by
its velocity, and this product is known in Mechanics as momentum.

Momentum is thus the power possessed by a body in virtue
of its motion, which enables it to neutralize, divert, or overcome
any force opposed to it.

Difference between the Force exercised by a Body when at
Rest and when in Motion.

25.—The influence, whether as a power or a resistance,
exercised by a body in a statical condition, that is when at rest,
is expressed by its weight in pounds or any other units.
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The force which this same body would exert in a dynamical
state, that is when in motion, is equal to its mass, which is propor-
tional to the same units, multlphed by its velocity, or in other
words, by the space traversed in a definite unit of time.

Fig. 1.

Let s, Fig. 1, be a metallic sphere weighing 2 pounds; it
tends to move the body ¢ with a tractive force equal to 2 pounds
(neglecting the friction of the pulley).

Now let the same sphere be set in motion by an impulse
lasting ten seconds, which, during the first second, causes it to
traverse a space of one foot. The force exercised by the body,
or, in other words, the momentum, may at the end of the first
second be approximately represented by its weight; but assum-
ing that during the last second, the space traversed be 12 feet,
the sphere ' will strike against ¢ with a force represented by
its weight multiplied by its velocity, or 24 pounds.

What is Gained in Power is Lost in Velocity, and
Conversely.

26.—Since the energy of a body in motion is equal to its
mass multiplied by its velocity, the mechanical effect will
obviously remain the same, if we diminish one element in the
expression, at the same time increasing the other in a corre-
sponding proportion.

If the sphere (¢) Fig. 1, instead of wecighing 2 pounds
weighs 4 pounds and stnkes the body c at the instant at
which it attains the velocity of 6 feet per second, the energy
displayed is equal to the weight 4 multiplicd by the velocity
6, or 24 pounds, identical with the preceding result.

The weight has been doubled, but the velocity has been
reduced one-half, for at the moment of contact it moved during
the same interval of time with only half the veloclty of the
former casc.

27.—In considering a mechanical operation, the time
occupied in its completion may be neglected: the above prin-
ciples remain equally true, but the term velocity must be taken
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to mean simply space passed through. It will be convenient
in this case to express the above law in the following terms:

What is gained in power is lost in space passed through ;
and conversely, what i8 gained in space is lost in power.

Take the case of one hundred shots to be transported two
miles. If each weighs 10 pounds, there will be a total weight
of 1,000 pounds.

If the removal is acomplished all at once by a convey-
ance, the mechanical work will be expressed by the weight,
1,000 pounds, multiplied by 2 miles, the distance traversed, or
by the figure 2,000. .

If the work be done by a single man, carrying 2 shots
at a time, the mechanical effect will be measured by the weight
of the two shots, 20 pounds, multiplied by the space traversed
in the 50 journeys, or 100 miles, that is, by the same number
2,000.

’ The useful effect or total resulting work is equal in the two
cases; but in the first an extra expenditure of force dimin-
ished the space to be traversed, while in the second, where
the force employed was fifty times less, it became necessary
to devote fifty times more ‘ velocity” to the operation; in
other words to traverse a space fifty times as great.

Time Necessary in order that a Body set in Motion may
attain a Maximum Velocity.

28.—As the energy developed by a body in motion is a
product of the mass into the velocity, it is evident that the
greatest effect is obtained when this velocity is at a maximum.

A body caused to move by an instantaneous force, such
for instance as an ignited gas, at once attains its maximum
vclocity.

Such, however, is not the case if it is set in motion and
retained in motion by a constantly acting influence, as for
example, the force transmitted by a train of wheels to an
escape-wheel. This wheel never attains instantaneously its
greatest rapidity, the maximum only being reached after an
interval more or less prolonged.

But the balance of a watch is, at the instant when the
escape-wheel begins to influence it, moving with a pre-
viously acquired velocity; in order, then, that an impulse
may be communicated to it, it is of the first importance that
the contact between the wheel and the pallet of the balance
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should continue until the velocity of the former exceeds, by a
certain definite amount, that already possessed by the balance ;
that is to say, until the initial velocity of the balance has been

increased in a ratio corresponding to the motive force employed
and the extent of oscillation required.

Figures will render this truth more evident.

Assume 2 dwts. to be the weight which would neutralise
the tangential force exercised by an escape-wheel at its circum-
ference, after an angular displacement of five degrees of the
lift has taken place in {}yth of a second. It will not then have
attained its maximum velocity, and the force acting on the
wheel may be expressed by the product of the weight 2
multiplied by a velocity 1, that is 2.

As the lifting action continues, the velocity of the escape-
wheel will increase; and, assuming that it occupies half
the time in traversing the next five degrees, the power
generated is now equal to the weight 2 multiplied by the
velocity 2, or to 4; that is, the force exercised by the wheel,
acting as a lever, is doubled.

The calculation of the different effects constituting a lift is
very complicated. The above figures must, of course, not
be taken to be accurate, as they are only given in order to
illustrate a mechanical law.

This subject has been specially dwelt upon because the
neglect or ignorance of the fact that time is necessary in order
that a body, set in motion by a continuous action, may attain a
certain maximum velocity, has caused both authors and practical
men to give expression to very erroneous ideas, especially with
regard to the lift of the escapements and certain characteristics
of such timepieces as only require winding up at long intervals.

Inertia.
Definition.

29.—The meaning of scientific terms is often in part lost
when they are employed by practical men. Thus the word
smertia i8, with them, synonymous with equilibrium; a balance

of a watch, a wheel, or a pair of pallets, is in a state of inertia,
according to the erroneous language of the workshop, when
that balance, etc., is equilibrated on its horizontal axis in all the
Ppositions we can cause it to assume.

Such an employment of the term is unfortunate.

Inertia is that inherent property of matter, that tendency
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in virtue of which every body continues in the state in which it
already exists, at rest if it is at rest, and in motion if it is in
motion. It is exemplified in the excessive resistance offered by
a body to being suddenly set in motion, or brought suddenly to
rest when in motion.

A horse, harnessed to a heavy waggon, strains violently and
makes great efforts in order to set it in motion, but draws it along
with ease when this is once accomplished. On the contrary,
when the waggon has attained a considerable velocity, the horse
cannot stop suddenly without receiving a violent push forwards.

These two effects are due to the inertia of the mass of the

waggon.
Function of Inertia in the Action of Escapements.—Heavy Wheels.

30.—Every wheel, however light it be, must have some
appreciable weight; it is, therefore, subject to the law of
inertia. Hence it results that when we wish to set it in motion
round its axis, it cannot commence moving instantaneously ;
there is a period of transition from rest to motion, which,
although not always perceptible, is none the less real, and the
wheel only attains its maximum velocity after a certain arc has
been traversed by any point on its circumference.

As the effects of inertia thus increase with the weight of
the body and its velocity, it is very important to note their
influence on escapements, especially during the lifting action;
the wheel then travels during a very short space of time with a
considerable velocity.

The following example of the influence of inertia has
actually occurred in practice :

In a detent escapement with an escape-wheel fully heavy,
the motion of the balance was sluggish, and the oscillation was
of but moderate extent. The workman engaged on it cut away
part of the interior of the wheel and reduced its arms; in short,
materially diminished its weight, and, by this simple change,
very appreciably increased the extent of oscillation of the balance.

It is hardly necessary to explain that the heavy wheel,
offering an excessive resistance to motion, supplemented the
resistance caused by friction and oil; as the wheel was longer
in commencing its motion, and turned more sluggishly, it did
not come in contact with the impulse pallet until after the latter
had traversed a considerable portion of its angular path. The
final result was a noise, and but slight impulse.
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The wheel, after being reduced, commenced its motion
sooner, and, almost immediately coming in contact with the
pallet, accelerated its motion to the requisite extent.

Errors with regard to Light Wheels.

31.—From observations analogous to that above described,
it is generally assumed, and set down as a mechanical truth,
that in every escapement the wheel should be as light as
possible. A question which has not received sufficient atten-
tion has thus been decided in a very absolute manner, and the
solution of a particular problem has been made binding on all
the escapements used in Horology.

Would a wheel entirely wanting in inertia be a valuable
acquisition ? There seems great reason for supposing that
it would not. But, although such a case could not occur, since
the metals employed always have an appreciable weight, it is
none the less useful to point out that the velocity of rotation
to be communicated to a wheel depends on the manner in
which it influences the pallet of the balance, and on the amount
of energy it is required to give out while actually impelling the
balance. The following observation of a clever watchmaker,
M. Monvel, will do more to explain the subject than a cou-
giderable amount of argument, and will also illustrate the
converse of the case above cited :

A chronometer escapement worked well although the
wheel was somewhat heavy, but when this was rendered much
lighter, it caused the escapement to catch. The excessive light-
ness of the wheel was evidently the cause of this fault, as it
changed position more rapidly than the balance ; that is to say,
instead of coming in contact with the face of the pallet when it
had had time to come to a suitable position, the wheel com-
menced moving with considerable rapidity and struck the angu-
lar extremity of this pallet, producing a butting action. Every
watchmaker is aware that a slight displacement of the impulse
pallet is all that is required in order to avoid such a stoppage,
and that the above case is only quoted as an example of the
influence of inertia.

32.,—Experiment, and a consideration of the nature of the
metals employed in practice, show without doubt that, in those
watches in which the vibrations are rapid, it is necessary to
make the escape-wheel as light as possible, but care must be
taken not to unduly diminish its solidity.
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The word solidity does not here merely imply that the
wheel must resist certain causes of breakage or distortion; an
escape-wheel must be absolutely firm throughout, and this firm-
ness can only be secured by care in the choice of the metal
employed, and of the form given to the wheel. Thus, an arm
of a wheel of rectangular section is less rigid when placed
edgeways than when its broader face is pa.rallel to the plane
of the wheel.

With regard to such horological appliances as are regulated
by a pendulum or a heavy annular balance, it remains for
experiment to ascertain whether a certain slight amount of
resistance due to inertia in the wheel is not necessary, since
this wheel must move with a velocity determined (1) by the
greater or less inertia of a train of wheels of a definite weight
which abandons its state of rest or recoil; and (2) by the
velocity acquired by the arm on which the wheel acts, an arm
whose motion is slow in comparison with the velocities met with
in watch movements. -

33.—Inertia is proportional to the masses of bodies when
their velocities are equal, and to the squares of their velocities
when their masses are equal.

Separation of Working FParts when in Contact.—Adhesion
Effects.

34.—Working parts in contact with each other should
separate by sliding action, and not by a sudden drawing asunder
in a direction perpendicular to their touching surfaces, as such
an action would involve the inconvenience of variable resist-
ances, depending on the greater or less adhesion or cohesion of
these surfaces.

35.—The phenomenon of dry adhesion is well known to
anyone who has brought two perfectly dry surfaces in contact,
which had been surfaced against each other. The explanation
of this physical fact will be given in the article on Capil-
larity (90).

Rolling friction (which is in reality of the nature of
pressure), such for example as that of a pivot rotating between
two friction wheels, or of a lantern pinion when the pins are
movable, or of a pair of helicoidal toothed wheels, etc., ulti-
mately resolves itself into an adhesive action, especially notice-
able in the case of small mechanism. The presence of oil
increases the intensity of this effect.
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At the pallets of an escapement this inconvenience can only
be avoided by developing two surfaces, of somewhat unequal
extent from each other, thus producing a slight sliding friction
in place of the friction of rolling.

Blows often repeated on a point ultimately occasion
variableness in the adhesion effects, especially when the object
struck is rigid. This remark is directly applicable to the case
of the bankings in the lever and detent escapements; or of
balance-springs where one coil oscillates between two curb
pins, etc. ‘

When a moderate sliding friction does not suffice to
neutralise the effect, it may be further decreased by making the
stop slightly elastic.

The amount of adhesion between clean surfaces is difficult
to determine, and it is therefore impossible to give exact
information with regard to it.

36.—In the case of oiled surfaces, the resistance due to
adhesion is proportional to the extent of the surfaces in contact.

Laws of Pressure and Friction.

37.—A body presses on the surface by which it is supported
with a force equal to its weight. Hence if the weight be
doubled, the pressure is double, and vice versa.

Pressure i8 therefore proportional to the force producing
it ; in other words, fo the weight which would balance it.

38.—F'riction between surfaces is in proportion to the
pressure. Thus a body sliding along a surface will encounter
twice as much resistance to its motion when its mass (or weight)
is doubled, and the converse is also true.

The energy of friction varies then directly with the
pressure.
, A badly shaped edge in the cylinder of an escapement, or
a particular form given to the inclined planes of the teeth of
the escape-wheel, causes the lif¢ to take place under variable
pressures, and, as the friction is greatest at those points which
are subjected to the greatest pressures, it is at them that the
wear is most considerable.

- Unequal pressures occur in the case of epicycloidal-formed
teeth, and thus the surfaces of contact wear each other away
unevenly; the initial conditions of the depth are therefore in
time entirely changed.
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39.— The intensity of friction is independent of velocity,
provided an oily substance be interposed. This law has been
proved to be true in the case of heavy machinery, and Moinet
has experimentally shown its applicability to horological science.

Until the reverse is demonstrated to be true, we are there-
fore justified in admitting that friction can be neither increased
nor diminished by varying the velocity of a moving body.

40.—The pressure remaining the same, the resistance of
Jriction i8 independent of the extent of the rubbing surfaces.
If, for example, the extent be tripled, it follows that three times
the number of molecular elements rub against each other; but
as each individual friction is only a third part of what it was
previously, the general effect is the same.

The above is simply the statement of an experimental law;
its consideration will be reserved for the following articles.

The extent of surface in contact should vary with the nature of the material.

41.—The last law shows that there is no advantage to be
gained by diminishing the extent of the surfaces of contact in
depths, in impulse, and even locking faces of escapements, as
is too often done under the impression that friction is thereby
reduced. Since the same blow or pressure is withstood by a
smaller number of clements it will act with a grcater force on
them, and will distort the surfaces more rapidly ; the accuracy
of their forms will thus be destroyed in a less time,

Touching surfaces should be of such dimensions as to
ensure their integrity, and it may be assumed that theso
dimensions depend on the nature of the body and the presence
or absence of oil.

A brass wheel, when working dry against steel, should
have a larger surface of contact than when opposed to diamond,
which is much harder and better polished than steel. This
observation is equally applicable to pivot holes, which, for equal
diameters, may be shorter with real rubies than with brass,

But a distinction must be drawn between dry friction, such
as that occurring at the points of contact of a wheel with a
pinion, and the friction between surfaces coated with a greasy
substance. It has been seen that surfaces of the latter class
are separated with greater difficulty according as their extent

increases.
Laws of Friction as applied to the Moving Parts of Horological Appliances.

42.—It has been mentioned in the article on resistance (23)
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that oil, when employed in horological appliances, so modifies the
character of the friction at the end of the train, where the
motive force is slight and the velocity great, that the general
law is not strictly applicable, although losing none of its exact-
ness. This statement requires some explanation.

Resistance to sliding is in reality composed of two kinds of
resistance ; friction, properly so called, and adhesion. Friction
is proportional to pressure, and independent of the extent of
the surfaces; but the adhesion between greased bodies depends
on the extent of the surfaces in contact.

With heavy machinery, great pressures, and, consequently,
considerable forces are brought into play; and since the hard-
ness and degree of polish of the surfaces cannot be increased in
proportion to the weight, the extent to which bodies are forced
into one another increases. A greasy substance, when interposed,
behaves like an infinite number of microscopic rollers; thus the
friction between clean surfaces is so enormous in comparison
with the adhesion of oiled surfaces, that the adhesion effect is
completely masked by the friction, and a greasy substance
interposed, far from causing a loss of power, facilitates the
sliding action. . In such cases, daily experience proves the truth
of the law that the resistance of friction is proportional to
pressure.

But the case is not the same with the delicate mechanism
of escapements, where the force employed is slight, and the
velocity very great. The resistance to movement is doubtless,
as in the former case, the combined effect of friction and
adhesion ; but there is an important difference due to the fact
of the pressures being slight and the surfaces hard and highly
polished. The friction has but an insignificant value, while the
adhesion, occurring as it does between bodies perfectly polished
and influenced by very minute forces, is supplemented by the
viscosity of oil and resistances due to capillarity ; these facts
bring about the converse of what occurs in heavy machinery,
and the effect of adhesion completely overpowers the effect of
friction, properly so called. We thus conclude that, in this
' case, the measurement of the adhesion is the nearest attainable
approximation to the resistance which opposes motion.

But since the resistance caused by adhesion is in proportion
to the extent of the surfaces in contact, we can draw an a priori
conclusion, confirmed by a large number of practical observa-
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tions, but nevertheless not professing to be as exact even as a
law partially confirmed by experiment, that :

43.—At theextreme moving parts or escapements of watches,
where the use of oil is essential, the resistance of friction may
be taken to be approximately proportional to the extent of the
rubbing surfaces, and to the diameters of the pivots (133).

In the intermediate moving parts or train of wheels, which
more nearly conform to the conditions of heavy machinery, this
resistance depends (in varying proportions) on the extent of the
surfaces in contact and the pressure.

And, finally, the prime movers, or barrel, very nearly
conform to the law enunciated in paragraph 40.

As bearing on the above it has been observed, amongst
other facts, that the pivots of a fusee, although of unequal
diameters, wear the pivot holes sensibly to the same extent;
this result is attributable to the equality of the resistances on
the two pivots.

Observations on the Laws of Friction.

44.,—The data above given are sufficiently exact for horo-
logical purposes; for, on points on which it.is impossible, at
least for the present, to establish an absolute and unvarying
law, owing to the fact that inappreciable differences in the
material and method of working it influence the action of the
finished mechanism, a rule giving approximately the values of
resistances is a desirable acquisition. Such a guide keeps the
mind constantly on the alert, and helps to make it bear fruit.

We will conclude this article by a brief enumeration of
experiments recently made on the railways by certain engineers,
in particular, M. Bochet. They confirm the accuracy of the
laws of friction, deduced from the results of Coulomb and
General Morin, only with regard to velocities under 4 metres
(18 feet) per second. Beyond this point, and for velocities up
to 25 metres (80 feet) per second, M. Bochet finds that sliding
friction diminishes as the velocity increases according to a
law which he gives.

Logically, it seems that friction ought to vary when a
particular velocity is attained, for on becoming considerable, it
evidently modifies the action between the surfaces. Thus when
a soft iron disc rotates slowly, it is reduced by a file without
damage to the latter; but if its veloclty be very great, the file
itself is attacked. '



ELEMENTS OF MECHANICS, 19

If additional experiments prove the truth of M. Bochet’s
theory, we shall be led to the following curious conclusion :
that what has formerly been accepted as a true principle in
Horology was directly opposed to the actual fact.

Percussion.—Impact.

45.—The word Percussion means simply the action by
which a body is struck.

The centre of percussion of the striking body is the point
in its mass where it acts with the greatest force.

In a bar of iron falling horizontally, the contre of per-
cussion is in the middle of the bar; but if it be wielded in the
hand, this point is at a distance of about two-thirds of the length
of the bar from the hand.

In a hammer the centre of percussion corresponds very
approximately with the centre of gravity of the head.

In a compound pendulum it is usually situated slightly
above the middle of the bob. ,

In the common annular balance it may, provided the
circumference is sufficiently heavy, be on the inside face of the
rim. It is brought towards the axis of rotation by diminishing
the weight of the rim in comparison with that of the arms.

When fitted with heavy screws, or other masses of metal
projecting outwards, the centre of percussion may be found to
be outside this rim.

46.—An impact (or drop) should in all cases be as slight
as possible, as both theory and experience show this to be
a source of wear and irregularity; and, as bearing on this
subject, it is important to remember that physical law which
asserts that every action excites a reaction of equal intensity.
This reaction shows itself in the form of jerks, strains, etc., which
have none the less influence on the condition and stability of
the moving parts from the fact that they are invisible to
the eye. '

Besides causing a molecular alteration at the points struck,
they occasion a loss of force, that is a diminution in the amount
of useful work done. In an escapement in which the lead only
occurs during one-fifth of the lifting angle, and a drop during
the remaining four-fifths, less oscillation of the balance is
produced than if the lift took place entirely without drop, and
with a progressively increasing action normal to the pallet. In
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the latter case force is rendered available, which in the former
is lost in elasticity, stronger pressure, shaking of pivots in their
holes, increased resistance due to the inertia of balance and
its spring (which resist a sudden acceleration of movement),
and finally in conversion into heat owing to the percussion or
sudden vibration of the molecules.

Volume and Mass.—Density.

4?7.—The volume of a body is the amount of space which
it occupies ; its mass is the quantity of matter it contains, that
is, the number of heavy molecules composing it.

A piece of india-rubber much extended possesses a certain
volume and a certain mass; if forcibly compressed, its volume
is considerably diminished, it occupies less space, but its mass
remains the same, for it always contains the same number of
heavy molecules.

The density of a body is the weight of a particular volume
of that body. A cubic centimetre of distilled water weighs
one gramme; a cubic centimetre of cast lead weighs 114
grammes. The density of lead is therefore about eleven times
that of water.

The unit of weight employed in measuring the density of
bodies is, on the metrical system of weights and measures, a
cubic centimetre of distilled water at its maximum density,
that is at 4° C. (39-2% F.) This weight is the gramme, the
unit of weight on that system. [In England the standard or
unit of weight is the avoirdupois pound, and the standard
gallon of distilled water at 62° F. (16:6° C.) weighs ten of
such pounds, occupying a space of 277°123 cubic inches.—Tr.]

Gravity—Difference between Mass and Weight.

48.— GQravity, heaviness, or terrestrial attraction (120) is
the tendency inherent in all bodies to fall towards the centre of
the earth. The force required to prevent a body's fall is equal
to its weight. The centre of gravity of a body is a point in its
mass such that, if suspended therefrom, the body will remain
in equilibrium, and the pressure it exerts on this point will be
a maximum. The centre of gravity and the centre of per-
cussion are sometimes identical and sometimes far apart from
each other. In a body falling freely they are coincident; in a
body rotating on an axis, such for example as the balance of
a watch, the energy of percussion is in the rim, whereas the
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always proportional. The mass or the weight of a body may
also occasionally be taken as a measure of its power; a measure-
which, in such a case, is only relative and useful for purposes
of comparison. It only gives an absolute measure of its value
when this power could, at the instant under consideration, be-
exactly balanced by this mass or weight.

This is the sense in which the figures employed in articles
24 to 29 are to be regarded. These figures are not as mathe-
matically accurate as the matter in question demands; for in
practice some of the propositions, given there in very simple
forms, become complex, and for their accurate solution involve-
abstruse problems connected with vis vivs, ete. To fully
consider them, we should be compelled to introduce arguments
too much advanced for the majority of young watchmakers, and
therefore useless. The object in view before all else is to instil
into their minds a notion of the nature of mechanical forces.

Centrifagal Force.

62.— Centrifugal forceis that cause which tends to withdraw
a rotating body from the centre round which it revolves, and to-
disconnect the several parts of a body itself. Should the cords,
or whatever retains it in its path break or be deficient in
power, the body flies off in the direction of a tangent to the-
circle which it was describing (72). This is the case with a
stone projected from a sling ; with a drop of oil placed on the-
tooth of an escape-wheel, when the train is allowed to run
down, etc.

The study of the effects of centrifugal force will form an
important part of the portion of the work which treats of.
balances.

The Lever.

63.—As usually understood, a lever is an inflexible rod.
serving to lift or carry any given mass, or to change the
direction in which it is moved.

Let g (fig. 2) be the mass which it is required to lift. Itis
well known from experience that if the extremity of a bar & p,
be introduced below R, and a solid fulcrum be placed at a, the
mass B will be lifted with ease, whatever its weight may be,.
either by suspending a weight at P, or by a pressure of the
hand at that point, provided that the length of the arm a ¥
is very considerable in comparison with that of A B.
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64.—This illustration shows that in every lever there are
three points to be considered: (1) the point of support or fulcrum
A; (2) the point B at which the resistance acts or where the
weight to be raised is placed ; and (3) the point of application
of the power P, employed to overcome this resistance.

Fig. 2.

The lever may thus be divided into two parts, A P and
A R, termed arms of the lever, which are distinguished by the
purposes to which they are applied, one being called the
power arm or lever (A p), and the other tho resistance arm or
lever (A B). .

55.—When the two arms are equal, it is necessary to
suspend equal weights & 3, from their ends, in order that they
may neutralise each other, for the power is then equal to the
resistance.

The best known example of this case is the common
balance, where equal weights counteract each other. But if
the arms are of unequal length, for example the one four times
the other, a weight of one pound placed at the extremity of the
longer arm will be sufficient to balance a weight of four pounds
suspended from the extremity of the shorter. The power
and the resistance are now equivalent, for each is ascertained
by multiplying the weight by the length of its lever arm.

An example of such a form is met with in the Roman steel-
yard, and everyone has occasionally seen very bulky objects
weighed by this means. A sack weighing several hundred-
weight, for example, is suspended from the short arm of the
lever and can be counterpoised by a one pound weight hung
from a point on the longer arm which is ascertained by trial.
The number of pounds in the weight of the sack is at once
ascertained when we know the number of times the length of
the shorter arm is contained in that of the longer, measuring
from the points of application of the two forces.

56.—These examples will be sufficient to demonstrate this
principle of Mechanics ; in every lever, wherever the fulcrum be
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situated, the power is to the resistance in the inverse ratio of the
lengths of their arms, or, in other words, if one arm is one-
half, one-quarter, etc., of the other, it will be necessary, in order
to secure equilibrium, that the weight suspended from the
extremity of the longer arm be one-half, one-fourth, etc., of
that suspended from the shorter arm.

67.—It should be observed that, in calculations with
regard to levers, we must take the unequal weights of the arms
into account, as well as notice that the position occupied by
each of the three points, of support, of resistance, and of power,
may vary; indeed, this variability of their positions is the basis
on which levers are subdivided into tkree classes. But the first
of these observations is not applicable to the case of escape-
wheels, as they are assumed to be balanced on their axes; and
since the second does not in any way modify the pnnmple
above laid down, we can conveniently defer the further con-
sideration of the subject of Levers to the Introduction to the
study of depths.

Application.

58.—An escape-whecl is a lever in equilibrium on its
fulcrum. The leaf of the pinion rivetted to this wheel is the
arm to which pressure is transmitted from the source of power,
and the radius of the wheel is an arm transmitting that impulse
to the escapement, a lever of impulse generally known as the
pallets, being interposed.

In relation to the balance, the radius of the wheel is a
power arm and the pallet on which the wheel acts is a resistance
arm.

The power exerted by the wheel is opposed by the
resistance of the balance with its attached spring, and the two
forces are in equilibrium when the power is to the resistance as
the radius of the wheel & @ (fig. 3) is to the length of the
impulse pallet a c.

If the arm & @ were reduced in length by one-half,
equilibrium could only be maintained by doubling the amount
of resistance opposed to the wheel ; and conversely if the reverse
were the case.

69. —Relymg on this principle, which, while in itself
unvarying, receives a false interpretation at the1r hands, some
watchmakers are continually assuming that reducing the
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diameter of the wheel by, say, a half, will suffice to produce an
increased vibration of the balance, since the force applied to it
would thus be doubled. They are surprised when a trial shows
the fallacy of their mistaken theory, a theory which forgets,
among other points, that when a body passes from the statical
condition or state of rest to the dynamical condition or state of
motion, a new element, velocity, must be considered ; and that
this velocity, when existing during a very short interval, such
as that required for a single lift of the escapement, is sufficient
to introduce sensible differences, especially in regard to the
promptitude with which the motion commences.

Fig. 3.

60.—Given any watch escapement, the mechanical effect
produced by its wheel, remains theoretically the same, however
we may vary the diameter of that wheel.

Let @ n (fig. 3) be the radius of the wheel, d % the arc
described by d while an impulse is being communicated to the
balance. Halve the diameter, and the radius becomes s %, and
the arc described 5 8, is only one-half of & . In the former case
the force was one, and the space through which it acted two ; in
the latter, the force was two and the space one. Mechanical
cffect is expressed by the product of force into velocity, and
therefore the result is, theoretically, the same in the two cases
we have been considering (see 120, 124 and the end of 51).

But what is the exact meaning here of the expression,
mechanical effect? Simply this: that the work done by the
wheel was the same in the two cases ; but it by no means follows
from this that the resultant of this work was entirely available in
both cases for producing the oscillation, or that its extent was
the same in both.

61.—We have said ¢ theoretically ” above, for in no case can
the entire force of the wheel be communicated to the balance,
as this would require all the working parts to be independent
of the laws of friction and inertia, which is impossible. Almost
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every change in arrangement, size, form, etc., involves a
variation in the intensity of these two resistances.

62.—We must, then, first calculate the amount of the
mechanical effect, and then apply a correction to it, on account of
the resistance occasioned by friction and inertia, before coming
to any conclusion with regard to it ; for, otherwise, all inferences
of a theoretical nature will be falsified by practice.

The Inclined Plane.

63.—The force required to cause a body to slide when
placed on a horizontal surface, must be equal to the resistance
opposed by friction, since the action of gravity is neutralised
by the support.

The force requisite in order to cause a body to ascend an
inclined plane increases with the inclination. In this case it is
necessary to overcome both friction and that part of the action
of gravity which draws the body towards the base of the plane.

If the plane becomes vertical, the friction is reduced to zero;
but it is necessary that the power neutralise the entire force of
gravity, that is to say, the power must be equal to the weight of
the body before it suffices even to balance it.

The resistance offered by a body sliding or rolling down
an inclined plane is, therefore, due to two principal causes:
gravity and friction.

A Body Raised or Supported on an Inclined Plane.

64.—When the power is expended in raising the mass r
up an inclined plane a b (fig. 4), and acts parallel to the plane :
the power i8 to the resistance as the height (b c) of the plane is
to its length (a b).

Assume the body B, weighing 1 pound, to be drawn in the
direction a b while resting on an inclined plane 8 feet long, the
height & ¢ of which is 2 feet; it will require a weight P, equal to
one-fourth of a pound, to counteract the resistance of the weight
R, and this will then remain at rest on the inclined plane.

From this it immediately follows that, if the length b &
remain constant, but the height & ¢ be reduced one-half, the
weight B can be maintained at rest by a force equal to one-
eighth of a pound, and vice versa.

65.—The power may act horizontally, that is, in a direction
parallel to the base of the plane ; in this case, the power is to the
resistance as the height (g d) of the inclined planeistoits base (g f).
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As an application of this we will quote a case of frequent
occurrence in Horology.

Take a movable inclined plane, that is, one which can be
caused to travel backwards or forwards.

Suppose that a force P tends to move it from g towards f
(fig. 4), while an obstacle or resistance g, opposes its motion.

Fig. 4.
Let g f be 6 feet in length, and g & be 2 feet high ; then if
the power P be taken equal to 3 pounds weight, it will require a
resistance of 9 pounds, in order that the plane may remain
stationary, since P and R would then be in equilibrium.,

The Inclined Plane in Motion.

66.—We have thus far considered the inclined plane,
subjected to the combined action of a power and a resistance
which neutralise each other, from a statical point of view.

The equilibrium thus established between P and R is liable
to be disturbed, in the case of an inclined plane capable of
motion and of an obstacle also movable, by an addition of
force, either to P, when it will advance, causing R to ascend, or
to this resistance R itself, and then the plane will go backwards
in consequence of the pressure of the body =.

There is thus a change of condition from the statical to the
dynamical. Let us now consider the action of the inclined plane
when in motion.

If the original height of the plane be reduced by one-half,
the power when reduced in the same proportion will still suffice
to move the opposing body through a space equal to half that
. which it traversed when the first plane was employed.

Conversely, if the inclination of the first plane be doubled,
the base remaining the same, it will require twice the force to
drive the body through twice the distance.

The gain in power, therefore, of the first case, is accom-
panied by a reduction in the distance travelled; and in the
second, the gain in distance travelled involves an increased
expenditure of force.
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The mechanical effect of the two inclined planes is the
same. It appears, then, to be a matter of indifference which
is employed in an escapement. This conclusion is quite true
theoretically—that is, if we ignore the opposing forces of
friction and inertia; but to arrive at a practical conclusion we
must correct it for these two resistances. It is identical, in fact,
with the case considered in paragraphs 60, 61, and 62.

Composition and Resolution of Forces.

'@?.—In a train, the motive power is transmitted in its
entirety from the first to the last moving part. _

The force exerted by an escape-wheel at its circumference,
represented by the weight which it can neutralise, is also
transmitted undiminished through the several parts of the
escapement in connection with it.

Nothing is lost in nature, but all is continually being
decomposed and recomposed ; and force—that influence whose
effects we see without knowing its cause—is, like the entire
universe, subject to this law.

The action of a prime mover, as it is transmitted step by
step through a train of wheels, divides itself into two parts:
one overcomes the resistances opposing its action, and the other
is that part of the force which is free, and therefore available
for producing any useful or desired effect.

The less this decomposition or resolution of the force, the
greater is the useful effect which it can produce.

68.—The resistances to be overcome by an escape-wheel
during the act of lifting are due to two principal causes:
friction, which, as already shown, varies with pressure, and
inertia, proportional to mass.

" To make this clear by an example, let the circumferential
power of an escape-wheel be equivalent to 5 dwts.; and let
the friction and the resistance caused by inertia in the balance
require a weight of 3 dwts. to neutralise them ; the power of
the wheel is thus resolved, and the useful effect, as shown
by the extent of oscillation of the balance, is equivalent to a
weight of 2 dwts.

Suppose, now, that, without changing at all the train of
the watch, by a change in the arrangement of the balance, or
by better forms or better workmanship, the resistance due to
friction and inertia during the lift are reduced to 2 dwts., the
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effective action of the wheel on the balance will be increased
by one-half, and the amplitude of the oscillation will increase in

consequence.
Parallelogram of Forces.

69.—The power available when two forces act in direc-
tions opposite to each other is equal to their difference.

When a body is set in motion by two forces converging
to a point, the following geometrical construction gives the
intensity and direction of the force impelling it.

The method is generally referred to as the graphic
golution of the problem of the Composition of Forces. A
complete explanation of the principles on which it is based
would involve considerations too advanced for an elementary
work; its simple enunciation, therefore, followed by an
illustrative example, must suffice.

Consider the two forces as being applied during the same
interval of time, one second.

Let one force of 10 pounds act on the body @, in the
direction b a (fig. 5); and let the other force of 6 pounds, act on
ain the direction ca. Divide a4 into 10 equal parts, which we
will take for our units of length, and set off on @ ¢, commencing
at a, six of these units. From the point b draw & d parallel to
a ¢, and through ¢ draw ¢ d parallel to ¢ b; we have thus
constructed the parallelogramabd¢. The line a b represents the
direction of a force of 10 pounds, and @ ¢ that of a force of 6
pounds. The diagonal d a of the parallelogram represents the
direction in which the body is impelled, and its length, measured
in the units above referred to, shows: firstly, the number of
pounds pressure to which a is subjected; and, secondly, the
space that will have been traversed by the body in the time it
would have required to traverse the path a b or a ¢, under the
influence of one or the other force alone.

If instead of forces expressed in pounds, the velocities
which they communicate to & had been given, the solution
would have been identical.

Let us now assume that the body @ is moving in the direc-
tion a y, in consequence of an initial impulse communicated to
it, and that it meets with opposition to its motion acting in the
two directions @ z and @ z; the parallelogram @ 2 y z will enable
us to ascertain what portion of the initial impulse is employed
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in overcoming each of these resistances, providing that the line
ayindicates both the direction and the intensity of the power
acting on a.

Application,

20.—A body, set in motion by the extremity of a lever
rotating on an axis, receives from this lever an impulse or
pressure in a direction perpendicular to it.

Let fg (fig. 5) be a lever, or the radius of an escape-wheel
in contact with a cylinder capable of rotating on its centre;
represent the force exerted by this lever, and the perpendicular
direction in which it acts by g A. In this case the cylinder
pivots are subjected to a direct pressure from the tooth of the
wheel, and the pivots of this wheel are not strained.

Fig. 5.

Now transfer the point of contact tos. = The friction on the
cylinder will be increased, and the pivots of the escape-wheel
will be subjected to pressure. What, under such circumstances,
will be the amount of the friction ?

Neither the force exerted by the lever, nor the direction in
which it acts, has been altered; and they may be represented
by the line ij equal to g .. Through j draw 5 # parallel to 4+,
and through the same point drawj & parallel to ¢ #, and we shall
obtain the parallelogram # i 85, whose side ¢ 8, measured on the
scale on which i j and g & were drawn, gives a measure of the
increase of friction on the cylinder. The side ¢ # shows the
amount of the pressure exerted on the wheel pivots.

A simple comparison of the two lines, g 4 and ¢ 8, is sufficient
to show that the friction on the cylinder increases rapidly as
the point of contact approximates to the line % p, and that, as
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the power is more and more resolved, a less amount remains
available for performing useful work.

21.—An intelligent reader will perceive without further
explanation, that a graphical construction, analogous to that
given above, will indicate at once the amount of the force
exerted by a lever which acts against another lever; such, for
example, as the action of an escape-wheel tooth against the
impulse pallet. But in this case the point at which the force is
normal, that is, perpendicular to the arm receiving the impulse,
is on the line which passes through the centres of movement
of the two levers, corresponding to the line % p.

The following article will make this question clearer; it
may, by some readers, be considered to be somewhat of a repe-
tition, but we are very anxious to explain the question to prac-
tical men.

On Tangential Escapements.

22.—A straight line @b (fig. 6) drawn perpendicular to
the extremity of the radius ac of a circle, is called in Geometry
a tangent to that circle; it can evidently only touch it in the
one point @, however much it be extended in either direction.

It appears necessary in the first place to give this definition
because some authors, having a practical knowledge of Horology,
but ignorant of Geometry, often confuse the tangent with the
secant, another line, which, on being produced, cuts the circle,
and, therefore, meets it in two points (p d).

Tangential Impulse.

¢3.—Theory indicates that an impulse can be most advan-
tageously given to a body rotating on an axis by applying the
force in a direction perpendicular to the arm of a lever which
passes through the centre of rotation; that is, along a tangent
to the circle of which this lever is a radius.

The impelling force under this condition is communicated,
in its entirety, to the body, and the impulse which it receives
is, thereforo, the greatest that can be communicated to it by the
given motive force.

Readers deficient in the necessary theoretical knowledge
on the subject can easily demonstrate the truth of this fact by
turning the handle of a wheel, a grindstone for example; they
will soon find that they command the greatest amount of
‘power, either in pushing or pulling, with the least effort, when




32 ESCAPEMENTS.

the force is applied at right angles to the arm ¢’, and this arm

Fig. 6.

is simply a radius of the circle described by the handle.
Hence, at these points the power is applied in the direction
of a tangent to the circle.

Tangential Rest.

74.—When the arm of any lever, such as Ar (fig. 6)
presses against a circular body, which has an alternating
motion of rotation round a centre %, the position involving the
least amount of friction is, as we have already seen, that
shown in the figure, namely, when the line drawn from the
centre of movement of the lever to the point of contact is a
tangent to the circle. For, whether the cylindrical body turn
to the right or left, the lever acts in the same manner without
straining its axis, and the nature of the friction is similar in
the two cases, being of the kind known as disengaging friction.
The resistance opposed by the lever to the motion of the
cylinder is simply such as is due to its direct pressure.

If the lever be now made to rest at the point o instead
of 4, the state of the case is altered (70). This occasions an
increased adhesion of the balance and escape-wheel pivots as
they are strongly pressed against the sides of their pivot-
holes. The friction therefore, being proportional to pressure,
must be increased. An appreciable quantity of the force
required to impel the balance is absorbed by this augment-
ation of the resistance, and the amplitude of its oscillations
must be proportionately decreased.

25.—To sum up then, the further we displace from the
tangential position the points of lif¢ and rest, with so much
the less ease will the moving parts travel, and the more rapid
will be the destruction of surfaces in contact. And the in-
evitable results must follow; harsh friction, a falling off in
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impelling force, and a necessity for employing a motive power
greater than that which would have sufficed had the point of
application been tangential, or nearly so.

‘Danger of Purely Geometrical Solutions.
26.—It has still to be shown, for each particular form of °
escapement, what positions the several parts should occupy in
order to satisfy the above condition. This will be done in the
course of the volume. We shall also show in what cases this
requirement should be secondary to other and more important
ones; for the recommendation of some authors that an escape-
ment should always act tangentially must not be taken literally,
but, in common prudence, must be conditional. For the
escapement to be tangential, when feasible, is, without doubt,
good ; but this would not of necessity imply a superiority in
the matter of timing. Thus, amongst many other examples,
the duplex escapement may be noted, which, notwithstanding
the unsatisfactory nature of its rest, can be timed to a far
greater nicety than the cylinder escapement ; for, in the duplex,
the weight of the balance, its velocity, and the amplitude of
the arcs it describes, etc., counteract the disadvantage of an
untangential rest. To be exact, then, the only general state-
ment that can be made is that the more the points of contact in
an escapement approximate to the tangential position, the less
force 8 lost by friction, etc.
77.—The watchmaker who would prefer one form of
escapement to another, solely on account of its possessing
geometrical advantages, would prove himself ignorant of the
actual condition of his science, and lay the way to future
difficulty and annoyance. An escapement, be it remembered,
is a problem involving several unknowns, and to truly solve it they
must all be determined. In Mechanics, as in all else, itis a very
great mistake to regard a question from only one point of view.

Mechanical Complication.

78.—A complexity of action and a multiplication of
moving parts is nearly always a fault, for it increases the
liability to variation by rendering resistances, drops, contacts,
adhesions, frictions, etc., more numerous. When we remember,
moreover, that some points of contact are more liable to lose
their shape than others, that the molecular state of rubbing
surfaces varies according to the pressures, temperatures, ctc.,

3
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to which they are subjected, that the fluidity of oil is
continually changing, and that thick bodies are not so rapidly
affected by heat as thin ones, we see that in complicating
machines for the measurement of time, we are but multiplying
the causes of variation, and that it will be difficult, if not im-
possible, to estimate their relative intensities, and so find means of
compensating for them. Indeed,an elegant and efficient simplicity
will always, in escapements, as much as in general mechanism,
be the true measure of genius and the acme of perfection.

THEORETICAL AND PRACTICAL CONSIDERATIONS.

CONCERNING

The moderator and regulator.—The retention of oil at contacts.—The lead.—
The lift; lifting arc, supplementary arc.—Length of the impulse and locking pallets.
—On the nature of the several kinds of friction, useful friction, engaging and
disengaging friction.

»

The Moderator and Regulator.

79.—In clocks where the escapement is connected with a
pendulum, loaded with a heavy bob on which terrestrial gravity
acts with a uniform force in virtue of the laws of gravitation,
this pendulum is at once a moderator and a regulator; it is
evident that the mode of suspension must be such as to secure
to it the greatest possible freedom and continuance of motion,
and that the train should only be called upon to restore, at each
oscillation, the slight amount of force that has been dissipated,
and thus to interfere as little as possible with this gravitation
action, the most uniform power accessible to us in nature.

80.—But the case is entirely different with the annular
balance of a watch. Gravity does not in any way tend to
maintain a regularity in its motion, and it thus became
necessary to seek elsewhere for a regulating power; such was
found in the elasticity of the balance-spring. Hence it follows
that the annular balance must rather be regarded as the
moderator, and the balance-spring as the regulator, although
both, in varying degrees, share in these two qualities.

We refer to special articles, headed Annular Balance ;
Balance-spring, for details concerning the regulating power,
diameter and weight of balances, as well as for theoretical and
practical considerations with regard to the balance-spring. Each
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-of the subjects requires careful study, and the same may be
said of the Pendulum (see under these headings in Part IIL.).

Retention of 011 at Contacts.

, 81.—It is essential to employ oil in escapements, if not
-on all the surfaces of contact, at any rate, on the greater
number. The general arrangement and the form of the rubbing
portions should be such that the oil may collect in sufficient
quantity, remaining in such places as it is required while it
is not drawn on to contiguous portions. A moderately careful
study of the main laws of hydrostatics will show how these
advantages can be secured in practice.

Movement and Equilibrium of a Liquid.—Attraction.—Capillarity.

82.—A liquid is subject to the action of three forces :—

1. Gravity, or terrestrial action.

2. Adhesion, or the mutual attraction between the hqmd
and the substance of the vessel containing it.

3. Cohesion, which unites the liquid molecules themselves;
or, in other words, the attractive force existing amongst them,
and opposing the subdivision of the mass.

If a small drop of oil be placed on a plate which is then
inverted, the drop retains its position because the adhesion of
the drop to the plate and the cohesive force acting between the
several molecules are sufficient to overcome the earth’s attraction.

If the bulk of the drop be increased while the surface to
which it adheres remains the same, it will lengthen on the
reversal of the plate, and then break apart; one portion adheres
to the plate as a thin layer, and the other falls to the ground.
The fall is occasioned by the force of cohesion being overcome
by gravity.

When a drop of liquid is attached to a meedle point, it
at once ascends towards the thicker part; but if the point be
hammered out or formed into an arrow head, the drop rests on
it. The above facts explain the cause of this. .

83.—When liquids, such as water, alcohol, oil, etc., are
introduced into a thoroughly clean vessel, they do not cxhibit a
perfectly level surface: it is raised at the edge, as seen at a
(fig. 7). If a tube be introduced, the liquid rises rcund the
outside of it, and in the inside ascends above its mean level, as
is seen at .
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These effects are due to one and the same cause, and that
cause is the mutual attraction existing between the liquid and
the substance in contact with it. It is this attractive force that
raises the liquid agamst the solid surfaces. It is more energetic,
and the elevation is therefore greater, according as the sides arc
brought nearer together. Thus the finer the bore of a tube is,

the higher does the liquid column become.
' This phenomenon is called capillarity, from a Latin word
signifying hair-like slenderncss,

Fig. 7.

84.—Capillarity is the forge which occasions the ascent of
water to the upper surface of a piece of sugar moistened at its
base, and of oil or alcohol to the extremity of a lamp wick; it also
causes the spreading out of a drop of oil on cloth, etc. The
pores of sugar and the fibres of wick or cloth act the part of so
many capillary tubes.

Water ascends 30 millimetres (1-2 in.) above its external
level in a perfectly clean glass tube 1 millimetre (0:04 in.) in
diameter, and the helght of the column increases rapldly as the
internal diameter is decreased.

85.—An ascent due to capillarity also takes place betweon
two separate bodies, say two plates, when placed close together.
If their planes are mutually parallel, and perpendicular to the
surface of liquid, it ascends to the same height between the
plates, as shown at ¢ (fig. 7). If the plates be united by a hinge,
and form an angle, as shown at &, the height to which the liquid
ascends increases as tho distance between the plates decreases
up to their line of junction, when it attains a maximum.

When a drop of liquid is introduced between two surfaces,
arranged as at m, it will, if not too far distant in the first
instance, gradually work its way up to the junction. Further,
if a certain inclination be given to them, the liquid remains
stationary, since it is then drawn equally in opposite directions,
by the attraction due to the angle and by the earth’s gravitation.
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When the angle between the two surfaces is greater, the
-attraction due to capillarity is only appreciable within a very
short distance of the summit of the angle.

86.—When a drop of oil adheres to two surfaces, both
convezx, or even one convex and the other plane, as indicated at
9, it collects at the point, #, at which they are nearest together,
remaining there with the greater ease according as they more
nearly approach each other.

82.—Oil resting on a hard, well polished surface, spreads
but little, and does not adhere firmly; but if this surface be
ground, the polish is destroyed and the oil adheres better. On
a metal just filed, and therefore scored by the teeth of the file, the
liquid rapidly spreads, for each line is evidently a longitudinal
section of a capillary tube. It should be noted that the more a
given extent of surface is covered with roughnesses, the greates
number of points of contact does it offer to the oil. These facts
suffice to explain the reason why the chamfers made with the
mandril round pivot holes, often retain a quantity of oil at the
.expense of the pivots, which dries, and is of no real service to
the watch.

88.—Centrifugal or any other movement may overcome
the force of cohesion. Heat diminishes it.

It will be evident from this why one and the same kind of
oil will remain at the points of contact in one watch, whereas
in another subjected to a higher temperature and to rough
wear, it spreads or runs away along the axes.

89.—One essential condition must be satisfied in order
that capillary attraction may occur; the liquid must wet the
body in contact with it. When the reverse is the case,
repulsion takes place, and the liquid instead of ascending the
side of the vessel, is depressed along its entire edge, and, in
a fine tube, the level is lower than that of the external liquid.
This occurs in a remarkable degree between mercury and
glass, for when a drop of that metal is placed on glass, it does
not wet it, but subdivides itself into a number of small and
-extremely mobile globules.

90.—Capillary action is only sensible when the bodies
-acting on each other are in close proximity, and it not only
occurs between solids and liquids, but also between two solids.
;.l‘ﬁhe nearer the surfaces arc together, the more intcnse is the
-effect.
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The adhesion between clean and dry flat surfaces,
referred to in paragraph 35, finds its explanation in the-
above considerations.

The force with which two oiled surfaces oppose separation,
. when superposed, is greater according as they more exactly fit
~ one another.

Application.

91.—The physical laws, which govern the above effects,
lead to the conclusion that the retention of oil on rubbing
surfaces may be guaranteed as follows:

For Prvors:—Care should be taken to leave the oil
chamfers sufficiently deep, the pivots long enough and of
conical shape, and the internal faces of the holes in which the
shoulders of the axes rest, as well as the external faces when
these holes are provided with endstones, hollowed in fallow
drop form with a very slight interval between the bottom of
the hole and the endstone. When these precautions are taken,.
the oil, if not present in too great a quantity, will neither
spread nor run down tho axis, but will remain partly in the
oil-chamfer and partly attached to the shoulder of the axis,
and, in the case of pivot holes with endstones, as the oil is:
exhausted that spread over the endstone will be drawn into
the pivot hole through capillarity.

The great majority of the chamfers met with, arc
made without the workmen having any intelligent knowledge
of the subject, and are detrimental, since they draw off and
retain the oil. They should, therefore, not be made at all
unless they are arranged so as to maintain the liquid in
proximity with the axes, and these are then able, so to speak,
. to pump it up as required. An intelligent application of the-
. laws of hydrostatics, supplemented by observation, will teach
more in relation to this subject than a considerable number of
illustrative examples.

For THE TEETH OF Escape-wHEELS:—Make the teeth
broad and thick at the head only, in order that their mass
and surface may be so considerable as to neutralisc the
attraction which the flat of the wheel cxerts on the oil, or else
make the teeth long and delicate. When such is the case, the:
oil is retained on the locking faces, etc. ’

GENERALLY :(—Surfaces of some extent, when not in
contact with bodies having a much greater relative volume,.
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rctain a layer of oil very well. Contact points that are
formed with a head or spread out like a fan, deep reservoirs
and chamfers (which, however, must be made with judgment
for otherwise they are detrimental), and finally, the play
endshake, and angles between the fixed and movable parts of
the mechanism; if all these be so arranged as to give rise to
capillary action, every precaution has been taken not only to
retain the oil at the points at which it is required, but also
to causc it to return thither when it has been forced away by
the motion of the mobiles.

92.—This will be made clear by an example.

The geometrical pnnclple of the hook escapement caunses lt
to be regarded as superior to the cylinder escapement, which,
nevertheless, works better and for a much longer time: for it
has over the former this very great advantage, that the oil remains
on the rubbing surfaces. This will be at once ovident, if it be
remembered that the cylinder itself presents a considerable
surface where oil remains without difficulty; the tecth of its
escape-wheel consist of upraised-masses, separated from the flat
by thin supports; and, as a consequence, the oil, unless there
has been a want of skill on the part of the workman, does not
pass to the flat of the wheel ; and, finally, the general arrange-
ment and the mode in which the whole acts, cause the oil to be
constantly restored from the cylinder to the wheel, and
conversely.

In the hook escapement, on the other hand, the oil, which
must only be present in very small quantity, leaves the
locking faces rapidly, and is drawn along the impulse pallet,
passing partly to the back and sides of it, and partly to the
teeth of the wheel. These teeth, in the form of pins fixed on
the flat of the wheel, or on supports of considerable dimensions,
should be very sparingly supplied with oil, and must, as a con-
sequence, dry with great rapidity. If we endeavour to avoid
this fault by putting sufficient oil to maintain its fluidity for a
considerable period, it spreads itself over the face of the wheel
and the same result follows; thus it happens that the escapement
is, in a short time, working dry, or approximately so, and wear
and irregularities are the inevitable consequence.

We would add a remark equally applicable to other escape-
ments.

One cause of the rapid exhaustion of the oil in a hook
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escapement is the fact that this oil is in a constant state of being
driven, by centrifugal force, towards the extremity of the
impulse pallet. This pallet carries it through the air, which is
subjected to a considerable disturbance, and the oil is thus
exposed to a true air-current, and its decomposition is thereby
accelerated.

The Lead.

93.—The continuous action by which the tooth of a wheel
impels the pallet of a balance or the leaf of a pinion, and causes
it to traverse a definite arc of its angular movement, constitutes
what is called the lead.

The conditions regulating its action are of the highest
importance.

The lead of a balance, as well as of a pinion, is subject
to the clear and well-defined laws of the theory of depths.
It is by working in conformity with those laws that we ensure
the preservation of the rubbing surfaces for the longest possible
time, and that we reduce the interfering causes due to the
resolution of force to a minimum.

We refer to Part II. On Depths, for numerous details con-
cerning this question.

The Lift of Kscapemecents.
Lifting Arc.—Supplementary Are.

94.—The entire oscillation of a balance may be divided
into two distinct portions: one during which the balance re-
ceives its impulse direct from the source of power, and called
the lifting are, or simply lift; it is by this impulse that the
movement of the moderator is maintained, and its energy
varies with the intensity of the motive force: the other portion,
called the supplementary arc from the fact that the addition of it
to the lifting arc gives the full extent of the vibration, is only
indirectly dependent on the motive force.

95.—The lifting arc is influenced by every irregularity
of this power; the supplementary arc, in great part, corrects
these inequalities. The supplementary arc should, therefore,
be considerable in comparison with the lifting arc.

This conclusion, although logical, must not be regarded as
a principle applicable to every case. Demands are made upon
us in practice which we can neither afford to neglect nor ignore,
and it would be wrong to decide definitely that, of two different
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forms of escapement, the best is the one which, while imparting
to the balance the impulse required for the maintenance of its
motion, allows of the greatest supplementary arec.

Lift is affected by inertia and friction, influences which
frequently stand in the way of its period being shortened, and
the counteracting effect on inequalities in the force which main-
tains the movement of a balance is influenced by several con-
ditions besides tho amplitude of the supplementary arc and its
disproportion to the lifting arc.

Without now entering into the more advanced consideration
of this subject, we would observe that the great majority of the
chronometer makers of the present day, have reduced the extent
of the complete oscillation from 400° to about 360°, the lifting
arc remaining very nearly of the same extent as formerly.

Short and Long Lifting Arcs.

96.—The extent of the supplementary arc depends
primarily on the circumstances attending the lifting action,
and the difficulty of determining these is, without doubt, the
cause of the divergence in the opinions daily expressed by watch-
makers.

Whilst some, including many of the most skilful, take it as
an unvarying principle that the lifting action should be very
short and quick, that is to say, almost instantaneous, others,
equally skilful, purposely increase the extent of the lift,
considering that, by so doing, they perceptibly increase the
oscillation of the balance.

97.—We will proceed to examine these two views, which
equally run counter to the actual laws of Mechanies.

The instantancous impulse, even if possible, would have
the gravest inconveniences. It must involve violent blows,
varying with every change in the motive force and the adhesion.
It would occasion a waste of power, and lead to all the causes
of irregularity enumerated in paragraph 46.

As regards the increase of the lift, it is sometimes nccessary
when an escapement is heavily constructed. The excessive
resistance occasioned by the oil, friction and inertia, renders it
important that the time during which the balance receives
its impulse from the wheel should be so far prolonged as that
this impulse may be sufficient; but although this fact, so
often corroborated by the observation of ordinary escapements,
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especially those of the lever form, is true, many watchmakers
have unquestionably drawn a wrong conclusion from it.

Almost every increase of the lifting angle produces further
resolution of force, greater variability in the friction, etc.,
while it causes the lifting and supplementary arcs to become
more nearly equal. But if the extent of the latter be in
the first instance well proportioned to that of the lifting arc,
it will, when altered, lose some of its power to correct variations
in the motive force. Beyond certain limiting values, therefore,
determined by intelligent observation and sound theoretical
knowledge, any increase in the lifting arc could at best only
pretend to compensate for one fault by another in any particular
case, or in accordance with the requirements of a manufacturer.

Conditions on which the extent of lift depends.

98.—In general, the extent of arc described by the impulse
pallet during the lift, or, in other words, the period of appli-
cation of the motive force, necessary to produce an oscillation
of given extent, depends on the friction, inertia, and the
resistance caused by oil. Reduce these obstacles to a minimum
and the required amplitude of vibration will be obtained from a
lifting arc whose extent decreases as they become less.

The length of the Impulse Pallet is proportional to the diameter and weight of
the Balance.

99.—Let us consider the balance of a watch, not when its
motion first commences, for such an observation would be
fallacious in that it would not enable us to ascertain its real
effect on the escapement, but consider it in full action just after
it has completed an oscillation, the watch going with its greatest
regularity.

What work is required from the lifting action after the
completion of this oscillation, which we may regard as the
initial one ?

It must simply restore to the balance the slight momentum
which has been lost since the lift last took place.

100.—This being granted, let us consider the case of an
axis rotating on two pivots and carrying a balance, which for
simplicity may be represented by the diameter, a d, terminated
at its extremities by equal heavy masses(fig. 8). Lettheimpelling-
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that one balance is lighter than the other. The point of
application of the impelling force should be nearer the centre
of rotation in the case of the lighter balance. The same is |
true when two balances are of equal size and weight, but the
second rotates on much thicker pivots than the first.

The diameter of the locking surface varies directly with the size and weight
of the Balance.

102.—The action of the wheel in an escapement with
frictional rest is always composite, or rather, it is made up of
an action and a species of reaction. During the action the
wheel accelerates the movement of the balance, and during the
reaction (the locking) this same wheel partially checks the
acceleration thus acquired.

The extent and freedom of the supplementary arc arc
then, to a certain extent, dependent on the intensity of what is
here called reaction, and the extent of the arc varies also
according to the greater or less disproportion that exists between
these two successive and opposite actions of the wheel.

The reaction effects, that is, the resistances which impede
the movement of the moderator during the locking, are
due: (1) to the friction of the pivots against the sides of the
pivot-holes; and (2) to the friction of the point of the tooth
against the locking cylinder or roller.

Whatever be the radius of the roller (providing its weight
remains the same), whether it be ¢n or em (fig. 8), the resist-
ance due to the friction of pivots remains practically constant
so long as the pressure acts in one and the same direction.

But such is not the case with the friction at the point
of the tooth, for if the force or pressure remain the same,
the resistance caused by it will increase with the radius of
friction.

If the locking point be too near the centre of rotation,
the balance will move with such a degree of freedom that it
will be affected by every change in the motive power, and will
thus reproduce all its irregularities.

If the radius of friction be gradually increased (no change
being introduced in the manner in which the impulse is given),
the freedom, and therefore the velocity of motion, of the balance
will gradually be reduced, until a point is reached at which all
motion ceases.
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In fact, whether the radius of friction be too long or too
short, irregularity in the motion of the watch will result, for
in one case the extent and in the other the duration of the
oscillations is unequal. It should, however, be observed that
when the radius is too short, the supplementary arc increases out
of all proportion with an increase in the motive force, while the
contrary is the case when this radius of rest is too long.

It follows from the above reasoning that within the space
¢ p (fig 8), that is, within the length of an arm of the balance,
one point and one only is so situated as to serve as a locking
point for a tooth of the wheel ; and further, for a given length of
this arm, the point of rest is at a less or greater distance from

the centre of motion, according as the rim of the balance itself
18 light or heavy.

Conclusions from the two last articles.

103.—As the regularity in the action of an escapement
with frictional rest thus depends on a pressure whose intensity
is required to vary inversely with the energy of impulsion, or
nearly so, it follows that :

With a given motive force, the invariableness in the period
of the movements of the balance, or, to use the trade term,
the timing, depends on the sccuring of a definite proportion
between the diameter and weight of the balance, and :

1. The diameter of its pivots;

2. The radius of the curve on which locking occurs;

3. The length and form of the pallets which receive or
communicate the impulse.

The radius of the balance is the distance between the
centre of rotation and its circumference of percussion. The
manner of ascertaining this latter will be subscquently ex-
plained.

104.—No author, so far as we are aware, has clearly set
forth this fundamental basis of the scientific construction of
escapements. Had attention been sooner dirccted to it, obser-
vant watchmakers would doubtless have compiled tables giving
the various diameters of pivots, the radii of rest and impulse,
and the weight and dimensions of the balances of such watches
as gave complete satisfaction. With such valuable information
at hand science would have no difficulty in assigning a reason for
the apparent contradictions which are observed. The question
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would by this time have been decided experimentally, and
even scientifically, and the watchmaker could proceed with
confidence in the design and construction of escapements; a
work in which he is now compelled in great measure to trust to
chance.

Considerations relating to Friction.
On the different kinds of Friction.

105.—Mechanicians distinguish two kinds of friction,
rolling friction and sliding friction. Watchmakers subdivide
this latter kind into engaging friction and disengaging friction,
but many mechanicians consider they are not justified in making
the distinction. For our own part we feel that they are justified
in employing separate terms since there certainly exists a
difference in fact. Speaking strictly, rolling friction is not a
friction but a pressure, and if disengaging eliding friction is
indeed friction in the proper sense of the term, engaging sliding
friction is nothing but a sort of butting.

The further consideration of this subject will be found in
the introductory chapter to the study of depths, in which we
shall successively study: the nature and the causes of friction;
engaging and disengaging friction; the condition of surfaces
during friction, and after it has occurred; and the variations
in intensity of friction when accompanying a continuous or
intermittent motion.

For the benefit of those who are ignorant of the subject,
however, we will anticipate our remarks so far as to explain
briefly what is understood by engaging and disengaging friction.

When friction occurs between two pieces moving in such a
manner that one tends to force the other towards the line join-
ing their centres of movement, and therefore called the line of
centres, the friction is called engaging. Such friction is very
detrimental, for it takes place, so to speak, backwards, occasion-
ing a butting action, in consequence of which the working parts
are forcibly driven apart, and thus exercise a considerable pres-
sure on the pivots and on the surfaces in contact. Two faults
are the immediate consequence ; (1) rapid wear, due to the harsh
friction, and (2) the necessity of applying a considerable motive
power to compensate for the force uselessly absorbed by the
friction.

When the driver is impelling the follower beyond the line
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of centres the friction is termed disengaging. It is no more
than a very gentle sliding action that takes place, and the
pressure on the axis is much less than in the former case.

Whence it is evident that, were it possible to substitute
disengaging for engaging friction during both the impulse and
locking of an escapement, the destruction of the surfaces would
be far less rapid, and the required mechanical effect would be
obtained by using a prime mover of much less energy.

Various opinions on Friction.

108.—In every machine the resistances occasioned by
friction absorb a considerable portion of the motive power.
Thus, in a train of wheels, though it be well constructed, we
must always consider that about a third of the force applied
will be required to overcome these resistances, and, therefore,
is entirely lost from the point of view of the work obtainable.

The composition of a machine is thus objectionable; from
the very nature of friction it follows that the surfaces in contact
mutually destroy one another; the force is transmitted irregu-
larly through the train of wheels, and the amount absorbed in
utter loss increases rapidly, occasionally to such an extent as to
entirely stop the action of the motor.

The question with regard to friction, then, comes before
the watchmaker under two aspects.

On the one hand : absorption of power, an absorption which
increases as the resistance caused by friction increases.

On the other hand: irregularity in the movement of the
meckanism whenever the nature and intensity of the friction
vary.
107.—Looking at the question solely from this latter point
of view, watchmakers have almost without exception concluded
that, with the majority of escapements, it is preferable to render
the friction (of course retained within moderate limits) smooth
and uniform rather than attempt to reduce it, thereby securing
questionable advantages. They are still opposed by certain of
their confréres who consider friction, of whatever kind, to be a
constant cause of variability and destruction. According to
these latter, perfection would be attained by entirely suppress-
ing friction in all its forms.

The first class say, ‘ Experience shows that in numcrous
cases a certain amount of friction tends to neutralise the effects
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of a variable motive power (103), which is proved by the fact
that, of the escapements in usc, the best regulated are not
always those in which the friction is least;” and they with
reason add, ¢ that it is not so much friction itself as ifs incon-
stancy that is a cause of anxiety.”

To this the second class reply, ¢ Theory shows that varia-
bility in timing increases with the amount of friction, and, if
the abeve assumption be true, it is difficult to explain the extra-
ordinary regularity attained to in marine chronometers; for in
them the friction of the escapement is reduced to the lowest
possible amount, and, indeed, practically done away with
during the supplementary arcs.”

To the latter class we would say that it is an error to take a
relative truth as an absolute truth; and, although they may be
right as regards one particular case, they are wrong as regards
a large number of other cases; that theory by no mcans shows
variability in timing to increase with the amount of friction;
and, finally, that in maintaining so biased an opinion they
ignore the fact which skilful chronometer-makers can easily
prove, namely, that escapements involving a minimum of
friction can only be timed when provided with an isochronal
spring and perfect compensation—expensive accessories that are

_useless in the case of escapements with frictional rest, but these
“will nevertheless, without such additions, afford a regularity
which is perfectly satisfactory for all ordinary purposes.

A singular feature in the discussions which have taken
place on the subject we are now considering is that those who
advocate the total suppression of friction at the same time
admit correcting pressures, such as are found in Graham’s
cscapement amongst others; just as if the pressure did not,
during the motion of the escapement, occasion friction.

108.—Bearing in mind the results arrived at in the articles
summarised in paragraph 103, we shall presently state the
conclusions of a discussion now finally settled; and we can,
before doing so, give numerous practical proofs that, in some
cases, a certain amount of pressure is a necessity (38); we, how-
ever, confine ourselves to the following as sufficiently decisive.

Experimental evidences of the advantage of a certain amount of Friction.—Résumé.

109.—If a verge escapement be provided with jewel holes
and pallets, its contrate wheel pivots supplied with endstones, or
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the pivots of the balance-staff be extremely fine, all precautions
tending to diminish friction, it will be difficult to time it;
indeed, as a rule it will be impossible, or only possible during
a more or less limited period.

110.—In the case of horizontal watches of the ordinary size -
in regular wear, provided the diameter of the cylinderisverysmall
(the wheel being large) so that the friction during rest may be
reduced, the cylinder escapement gives unsatisfactory results.
With a ruby cylinder, where the friction is less than on metal,
a watch is usually less satisfactorily regulated than with a steel
cylinder, assuming both to have been recently cleaned. It often
happens that in the course of one or two months or possibly more,
a ruby cylinder will give fairly accurate timing, and the attain-
ment of this result always coincides with an increase in the
consistency of the oil.

111.—The double hook escapement, in which the period of
rest is very brief, is seldom capable of accurate timing without
the correcting influence of a fusee.

112.—The duplex escapement, when scientifically and
carefully constructed, is superior in timing to the cylinder
escapement ; the friction during rest in the first case is never-
theless greater than in the second.

113.—Lastly, of the detached escapements ordinarily met
with, the lever escapement, one of the best, is the one in which
the friction is very considerable and varied ; this fact is at once
evident, if we add together the several resistances due to the
weight of the balance, the six pivots in the escapement, the draw
or recoil of the wheel, the pressure and friction occasioned by
the passing of the tooth over the pallets, and by the entrance
of the ruby pin into the fork, and finally the resistance due
to the oil required by the numerous points of contact, the
thickening of which in the course of time increases the several
opposing forces.

Yet, notwithstanding this large amount of friction, watches
with lever escapements maintain a very great regularity in their
movement, that is, a regularity which abundantly satisfies the .
requirements of the ordinary public; but the greater number °
of such portable timekeepers as are provided with the detent
escapement, in which friction is much less, are the bane of those
watchmakers who are called upon to regulate them. At least the
greater half of this class of watches, although constructed by the

4
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most skilful workmen in the factories, vary in their rate from
time to time. To secure the best possible results from such an
escapement, wo must, as already observed, provide a compen-
sated balance (compensated, that is, in reality and not solely in
name, as is the case with those worthless balances now brought
into the market in such profusion),and with an isochronal spring.
But such delicate work can only be accomplished by chronometer
springers, first-rate workmon, rare specialists, and they alone
have learnt by long experience the practice of such slow, diffi-
cult, and expensive timing, which is, in conscquence, entirely
out of the question in the case of ordinary pocket timekeepers.

114.—In the two succeeding paragraphs, the above article
is summarised in the form of axioms, for it appeared necessary
first to discuss the subject in some detail, in order to finally set
-at rest a question which should have been long since decided.

L

In the case of escapements with frictional rest our aim
should be to render the friction as uniform as possible, and to
reduce the destructive action on the surfaces to a minimum.
The primary aim should be to determine accurately the radius
of the locking surface, since on it depends the amount of the
friction as well as its correcting influence on the inequalities of
the motive power.

I

In accurate and scientific timekeepers, that is in chrono-
meters(really deserving the name), the friction of the escapement
should be reduced as much as possible, care being always taken
to avoid weakening the parts and to ensure a perfect contact for
a sufficient length of time. Excessive friction entirely or in
great part nullifies the effects of isochronism and compensation.

Conclusion of the Introduction to the Study of

Escapements.

115.—We will now conclude this review of the general
principles to be borne in mind when designing, or even merely
improving, an cscapement. What has been said will suffice to
throw some light on the subject, and to show that theoretical
and practical knowledge is required which cannot be neglected
with impunity.

We would only add a remark which we shall often have
occasion to repeat; the means of attaining to regularity in
machines will be best secured by looking at the subject as a
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TABULAR SUMMARY

Of the General Mechanical Principles which bear on Escapements.

Symbols Employed.—C, ciroumference ; D, diameter ; S, space; F, foroe; g =322
(9°81 on the metrio system), the velocity aoquired by a body falling for.l uoond u.n(}er
the influence of gravity, measured in feet (or metres) per second ; H, height ; !, inertia ;
M, mass; W, weight; P, power; R, resistance; r, radius; T, time; V, velocity.

The foot-pound (or foroe required to raise 1 pound weight through a spaoe of 1 foot)
is the unit of mechanical work.

116.—WxieHT. The specific gravity of a body is its density as compared with that
of water (47). W=M x g,

127 .—THE Mass of a body is given by the formula M —v—g

118.—Vzrocrry is the space traversed by a body in a unit of time.

A19.—8PACE is, in general, the distance travelled, without regard to the time.

120.—ReraTION OF FoRCE TO VELOCITY. Motive foroes or pressures, whose in--
tenaities are constant or vary but little, are proportional to the increase which they ocossion
in the velocity of a body. When the force is variable, we assume it to be proportional
to the inorements which it occasions in the velocity of a body during infinitely small
equal periods of time.

1812.—Vis Viva, is the effect produced by a foroe when it impels a body with a
definite velooity. The vis viva is expressed by multiplying the mass of the body by the
square of its velocity at the moment under consideration. Knowing the mass and
veloocity we can deduce from them the moving foroe.

Henoe, to double the velocity, we must apply four times the foroce.
138.—CextRiFuear Force. The tendency of a body rotating round a point to-
esoape from that point is given by the formula, F = ;W‘;V::

123.—IxerTIA. The foroe required to overcome inertia (or to neutralize the vis viva)
increases as the square of the velocity impressed on the body. This force is expressed
by the formula I= MYV? and is the same as that whioch wounld be required in order to
impart an equivalent vis viva to the body (33).

184 —THE MECHANICAL WORK GIVEN OUT BY A SoUumcE or POWER is expressed
in foot-pounds by multiplying the energy or pressure exerted by the space traversed,
measured in the direction of that pressure.

125.—MoMENTUM is expressed in foot-pounds by multiplying the mass by the

velocity, thus wxv
126.—FaLLire BopIes (Latitude of Greenwich). The velocitios aoquired by bodies

falling freely are directly proportional to the timee, and the spaces passed through are
proportional to the squares of the times,

At the end of each second : 1st. 2nd. 3rd. 4th.
The velocity (in feet) i8 ....covvercrreeriirernee  32°191 64°38 9657 12876 .
The total space traversed is..................... 16095 64°38 144°85 267'52

The space traversed during thatsecond is...  16°095 4828 80°47 112°66

The velocity acquired by a body in falling freely for a given period is obtained by
multiplying the number of seconds in that period by 32°2.

The distance fallen, H, being known, the velocity at the end of the path is given by
the formula, V =644 x H,

If the velocity at the end of the last second is known the height is given by the

expression H = B_Zl/i
127 .—RESISTANCE OF THE AIR increases with the extent of the surface directly
opposed to its action; with the force opposed to its passing over the surface; finally,
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with the velocity of the moving body, and in & proportion which is sometimes less
-and sometimes greater than the square of that velocity (2R).

128.—Uxrrorm MoTioN. This is the general case of the transmission of foroe.
B = v x To

129.—Uxrrornry VarYiNG MorroN. The space traversed is equal to half the
sum of the extreme velocities multiplied by the time ococupied (in seconds).

130.—ApnzsioN BETWERN OILED SuRFACES. The resistance to separation is pro-
portional to the extent of the surfaces in contact.

131.—PressuRe. Pressure is proportional to the weight or force producing it.

189.—Fricrion. The resistance due to friction is proportional to pressure, but
independent of the extent of the surfaces or the velocity of the movement.

Ezception. Between the rubbing surfaces of the escapement where oil is essential,
the resistance is (approximately) proportional to the extent of the surfaces in contact
(49).

183.—FricrioN or Bearings. This is governed by the same laws as the friction
‘between plane surfaces, providing the bearings are constantly lubricated by some fatty
substance. Otherwise, the less the extent of the rubbing surfaces the more rapid is the
wear. When these surfaces are not of sufficient extent, any excess of pressure expels
‘the lubricating substance; there is then a destruction of the surfaces and the friction is
increased.

The Lasrger Pivots used in horology come under the head of bearings. For pivots
-of an average size consult (43).

Ezception. The pivots of the last mobiles offer a resistance which is taken, on
the whole, to vary directly with their diameters, providing the pressure acting on them
zyemains the same, This value of the friotion, deduced mainly from the experiments
-of Romilly and Berthoud, can only be accepted as a mean value, for a determination of
its exaet amount would require fresh theoretical and experimental determinations of &
very delicate and complicated nature.

134.—IxcLivep PLaNE. When P aots parallel to the plane, Pis to R as the height
-of the plane is to its length. If P acts horizontally, P is to R as the height is to the
base of the plane,

188.—Lxvee. Pisto R in the inverse ratio of the arms of the lever, that is, of
‘the shortest lines drawn between the fulcrum and the direotions of the forces P and R
(see 1034).

136.—Tux ArrRoxXIMATE RaTIO of P to B in a machine can be conveniently
determined by meunnng the spaces traversed by the two forces; the required ratio,
-disregarding friction, is the inverse of these spaces.

187.—CIRCLE. The ratio of the diametor to the circumference is 1 to 8°1416. 1If
the latter number be represented by 7, we have C = m D,—The surface of a circle is
found by multiplying the square of the radius by 8:1416, or else by multiplying the
circumference by half the radius. The circumference increases with the diameter; the
.surface as the square of the diameter.

A diso of metal, with a diameter twice that of another disoc of the same metal, will
weigh four times as much, providing the thickness remains constant; if all the dimen-
sions are doubled, it will weigh eight times as much.

138.—8raERE. The surface of a spherical globe is obtained by multiplying the
square of the diameter by 3:1416,—Its volume is equal to its surface multiplied by a
third of the radius.

189.—A Rixa or Rix of a balance, whesl, etc. The flat surface may be cal-
culated by adding together the internal and external diameters, and multiplying the
sum by their difference, and by the figure 0°7854. The volume is given by multiplying
the surface of the ring by its thickness.

140.—Cyuinder. The curced surface of a oylinder is obtained by multiplying the
-circumference of the base by the height of the cylinder. The velume is the product of
the surfaoe of the base into the height.




VERGE ESCAPEMENT.

CHAPTER 1.
Preliminary.

141.—The verge is, as already seen in paragraph 4, a.
recoil escapement, and it is gradually falling into disuse.
Hence numerous correspondents have desired that the articles
devoted to its consideration might be suppressed in this second
edition, but we have been unwilling to comply with their
request, since there are still made, chiefly in the canton of
Berne, more than 300,000 verge watches annually, and, as such
watches exist in very large numbers in the provinces, watch-
makers will, for a long time to come, be under the necessity of
repairing them.

Some authors consider it to be of German origin, others.
Arabian. Pierre Dubois, in his Histoire de Uhorlogerie,® claims
it as a French invention, attributing it to Pope Sylvester IL., a.
learned and remarkable man who flourished about the year 1000.
Without attempting to reconcile these varied opinions, which
are not supported with much earnestness, we would only add that
all we know for certain is that it was the sole escapement used
in timekeepers up to the time of Huyghens (17th century).

At first it was arranged in the manner shown in figure 9,
the wheel impelling two pallets on a vertical axis suspended by
a cord. A metallic rod, indented like a saw, was fixed across
this axis, and carried two weights, called ¢ regules” or ¢ regula-
tors.” 'These were moved towards or from the centre of rotation,
according as it was desired to accelerate or check the movement
of the timepiece. Such an arrangement was designated a.
“ folliot ’ escapement.

The improvements introduced into the verge escapement
in the course of last century were entirely the result of
experiment ; for, with the exception of so-called demonstrations
of the principle, involved and inconclusive, it was not until the
present day that the researches and labours of several able men
resulted in a geometrical theory of the action of the verge
escapement.

* P. Dubois has written works of great value as regards the history of his subject.
The recent death of this elegant and fluent writer is much to be regretted ; had he not
passed away so suddenly, he would doubtless have eliminated from his works errors ot
a technical and scientifio character, several of which are revivals from a past age.






56 ’ VERGE ESCAPEMENT.

becomes impossible to regulate the watch without first re-
adjusting the fusee.

Verge watches which are good timekeepers are certainly
met with occasionally; but this must rather be looked upon
as due to certain actions counteracting each other than
to any intrinsic goodness, and the proof is found in the fact
that when once these watches get out of order, they, as a rule,
remain so. No watchmaker dare undertake to restore them to
their original condition.

This escapement, then, should only be employed in watches
of common construction, and especially such as are thick. A
watchmaker applying it to watches which are required to be
accurate timekeepers, would prove himself to be utterly ignorant
of the real condition of his art.

As the verge movement is so well known, it appears
unnecessary to give any explanation of its mode of action.

Advantages and Disadvantages of the Verge Escapement.

142.—THE ADVANTAGES secured by using this form of
escapement are the following:

1. It requires no oil on the pallets, and, as all the pivot-
holes can retain a sufficient supply for themselves, the watch
very rarely requires cleaning.

2. Itiseasily set in action (the regulating is another matter).

3. For the manufacture of the ordinary class of watches,
it can be made in factories at a very moderate price.

This last fact has led one writer to say that the form of
escapement we are now considering combines economy with
durability, an assertion which can only be accurate if the author
is referring to Franche Comté* clocks, or to the low prices
charged for the repair of verge watches. There is not a watch-
maker who does not know how seldom the verges of watches
are found to be perfect after they have been in action for any
length of time.

143.—TBHE DISADVANTAGES of this escapement, which have
been chiefly indicated by Lepaute and Jodin, are:

1. Thatit requires the motive power to be always the same.

2. That it renders the watch liable to gain in its rate with

® Franche Comté was an old French province composed of the Departments of
Doubs, Haute Sabne and Jura. Besangon was the head town. Comté clocks, or
Comtoiges, are manufactured at Morez-du-Jura.—Ta.
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. any increase in the motive power, and to lose when the reverse
is the case; and this causes it to be easily influenced by changes
of temperature.

3. Unless the case be thick, and there is a long axis to the
verge, the oil on the lower pivot ascends to the pallet, and is
transferred to the teeth of the wheel, disarranging the timing and
increasing the liability to wear. "If, in order to avoid this spread-
ing of the oil, only a small quantity is applied to the pivot, it dries
rapidly, the watch goes irregularly, and the pivot wears away.

4. The employment of a contrate wheel as a fourth wheel
of the train is compulsory, the depth of such an one is un-
satisfactory, and the friction which occurs is variable. When
the axis of the balance wheel is made to pass on one side of that
of the contrate wheel, these faults become still more serious.

5. The pivot of the verge wheel nearest to the verge is so
strained by the reciprocating action to which it is subjected
that its pivot hole rapidly becomes oval.

6. In comparison with other escapements, the balance can .
only traverse very small arcs without over-banking or banking.

7. The position of the verge wheel renders it compulsory
that it be of small dimensions, and, the lever acting on the
pallets being thus shortened, the force exerted is proportion-
ately increased. It must be remembered that by diminishing
an escape-wheel we increase both the friction and the
sensitiveness of the balance to variations in the motive power.

8. The exact amount by which the pallets overlap the
teeth of the wheel, that is, the amount of lif?, is with difficulty
maintained constant, since the rubbing surfaces wear away, as
ruby cannot be used either for pallets or holes.

9. Lastly, far from being independent of the motive power
this escapement is most closely dependent on it. The several
mobiles meet when travelling in opposite directions, and this
occasions impacts and friction of the most trying and destructive
kind. Whenever the watch is cleaned, the escapement will re-
quire repairs, and these, if not done with skill and intelligence,
will change its initial condition rendering it imperfect for a long
time; possibly for ever. For, be it observed, the escapement is
far from being simple, as many watch-jobbers pretend and as
some authors have stated, finding it convenient to conceal, under
this pretext of simplicity, their ignorance of the principles on
which it acts. '
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DIMENSIONS IN VOGUE AT DIFFERENT EPOCHS,

144.—THIOUT.—Julien Le Roy and Sully have given
in Thiout’s Treatiso® the proportions which their great ex-
perience led them to adopt, together with an attempt at
explaining the action of the escapement. The following para-
graph is extracted from their article :—

¢ Considerable judgment is necessary in designing the
teeth of the balance wheel, as well as a great amount of skill
and care in its construction. In this escapement there are
three main points which require to be specially correlated,
namely, the depth between the teeth of the wheel and the
pallets, the form of these teeth, and the angular opening of thc
pallets themselves.”

This paragraph is followed by a train of abstract reasoning
(much of which is difficult to understand, and contains im-
portant errors) intended to prove the advantage of the following
proportions, regarded by Le Roy and Sully as the most
convenient mean values and the best adapted for avoiding
extremes in either direction.

Inclination of the teeth to the axis of the wheel, 25° to 27°.

Opening of the pallets, between 95° and 100°.

Depth of the escapement, two-thirds of the width of the
pallet.

Thickness of the pallets, half the diameter of the verge axis.

Width of the pallets, six-tenths of the space between onc
tooth and the next (or, more accurately, 13¢).

145. — FERDINAND BERTHOUD. — ¢ The verge
escapement i8 the best fitted for the accurate measurement
of time.” (We now well know that this is not the case.)

“The escape-wheel teeth should be small and closc
together, so as to reduce the drag on the pallet, and con-
sequently the friction.

“In order that the recoil may be reduced, the wheecl
should have but few teeth. Assuming the body of the verge

* Thiout, the elder, watchmaker to the Duke of Orleans, published his Trailé
& Horlogerie in two large volumes in the year 1741. Referring to it, Moinet observes ;
“Thiout’s work is without doubt very badly composed, and the printing is still worse;
errors of orthography and punctuation often occasion contradictions; but, never-
theless, readers with a knowledge of the subject may still find useful ideas in it, and

some sound advice. The many faults met with in it belong, to a great extent, to the
period of its publication.”
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the main objection to the escapement; and (3) the entire
oscillation of the balance rarely exceeds a half circumference.

Opening of the pallets 90°, 95°, and even 100° when it is
desired to increase the vibrations and at the same time to avoid
over-banking or banking.

Inclination of the teeth of the wheel 15° to 20°. Occa-
sionally it is as much as 25°

The total arcof vibration should be three times the lifting arc.

142.—TAVAN (See a Memoir published by the Geneva
Society for the Advancement of the Arts). Opening of the
pallets, 100°.

Inclination of the teeth, 25°; lifting arc, 40°; entire amount
of vibration without over-banking, 220°.

The width of the pallets measured from the centre of the
axis should be rths of the diameter of an 11-toothed wheel,
Aths that of a 13-toothed wheel, and 2-ths with 15 teeth.

The depth should be so adjusted that when the opening of
the pallets is 100°, and these occupy the positions indicated in
figure 10, page 64, the tooth shall cause each pallet to traverse
an angular path of 20° (thus completing the entire lift of 40°).
The points of the teeth will then be in the vertical plane
indicated by the dotted line MN.

“ With such a depth the requisite amount of drop is
secured without any catching; this, then, is considered in
practice to give the best results.”

It will be evident from a simple inspection of the figure
that the requisite depth is attained when the teeth and pallets
overlap by about two-thirds of the width of the latter.

148.—MOINET (In an article by Duchemin). Opening
of the pallets from 100° to 110°; it may be as much as 115°.

Width of the pallets, measured from the centre of the axis,
half the interval between one tooth and the next.

Total lift 40°; inclination of the teeth from 30° to 35°.

“The modern practice of cutting verges tends towards
Berthoud’s principle, since it allows of the wheel being brought
into closer proximity to it; but this must not be carried too far,
for the lever being thus shortened, a balance less heavy, and there-
Jore less able toovercomethe clogging of the oil must beemployed.”

149.—M. WAGNER (In a Memoir on Simple Escape-
ments). Opening of the pallets from 100° to 115°; lifting
arc, 50°; entire arc of vibration, 170°.
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The other proportions are the same as those adopted by
Duchemin.

“If,” says M. Wagner, ¢ the rules laid down by this horo-
logist be followed, the rate of timekeeping of watches with the
verge escapement will equal that of watches of the horizontal con-
struction.” (Experience has shown that the reverse is the case.)

“The length and opening of the pallets should vary with
the angle of oscillation which it is desired the balance or pen-
dulum shall describe, not with the diameter of the wheel as has
hitherto been assumed ; at the same time the distance between
the teeth is a material factor in such an adjustment.”

¢“ Notwithstanding all that has been said against this
escapement, and the lightness of the pendulum usually employed
(he is here speaking of marqueterie timepieces and comtoise
clocks), the uniformity in the rate of a considerable number of
such timekeepers is quite as satisfactory as when the modern
escapements, so much vaunted, are employed.” (The opening
of the verge pallets is relatively very small in them.)

¢“The notion that this escapement cannot be employed in
conjunction with pendulums as heavy as those impelled by other
escapements is erroneous.”

“The main object held in view in deciding upon the fore-
going conditions has been to obtain the greatest effect with the
least possible amount of friction.”’

“T would observe that in order to reduce the friction to a
minimum, it is essential that the action of the tooth on the
pallet during the entire oscillation, especially during the
supplementary arc, should occur as nearly as possible on the
line joining the centres of the axes of the pallets and the wheel.”

¢ The action of the tooth against the pallet has a very slight
effect on the friction of the pivot.” (This is only true in the
case of timepieces in which the angle of the verge pallets is
small, for with watches the converse is daily proved to be truc
by the rapid enlarging of the pivot-holes.)

At the conclusion of a comparison of the proportions
recommended by Le Roy and Wagner, we read :—

“In the first, whero the opening of the pallets is con-
siderable, there will be an increased friction both at the points
of the teeth and at the pivots of the verge wheel in consequence
of the oblique action of the pallets on the teeth during the
recoil of each tooth, or during the supplementary arc. It is
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thus demonstrated that the more the opening of the pallets is
increased beyond the extent necessary to avoid over-banking, the
more friction occurs, and, a8 a consequence, the greater will be
the variation in the rate of timekeeping.

¢“It has already been shown that the variation due to
friction is directly proportional to it.”

“The obliquity of the faces of the teeth should increase
as we increase the arc of vibration, the inclination of the faces
being a few degrees greater than one-half of the supplementary
arc” (taken only on one side).

“I must here remark that the friction of the point of the
tooth on the face of the pallet increases with the arc of vibra-
tion, a circumstance which cannot be prevented in this arrange-
ment. This fact proves that the escapement is allthe morecapable
of giving accurate results as the oscillations are made shorter.”

150.—After such quotations as the above, it is difficult to
understand how the author we are considering can have pre-
ferred, in the case of a watch, to adopt the proportions
recommended by Duchemin. It is certain that he, a skilful
watchmaker, is prejudiced, throughout his work, by a con-
sideration of various facts observed in clocks, and especially in
the larger class of timepieces, in which this form of escapement
works in connection with a pendulum. Thus, for example, he
does not attach sufficient importance to the recoil, which,
while quite insignificant in the escapement of a clock, where
the entire oscillation is of small extent, becomes a cause of wear -
and very serious irregularity in watches where the amplitude
of the arc described is about eight times as great as in clocks.

We will confine our criticism to the above remarks, and
this reserve in discussing the views of a horologist now living
will be easily understood.

Although quite unable to explain M. Wagner’s choice of
the proportions suggested by Duchemin, we must here record
that it is to him, so well known by the beautiful turret clocks
of his manufacture, that we owe the geometrical theory of the
escapement now under discussion.

I'able showing the Proportions recommended by various
Authors.
INcLINATION OF THE TERTH OoF THE WHREL.
Le Roy and Sully............ 25° to 27°
Berthoud ..........cu.e...... 15° to 20° then to 25° . ) .
TAVAD .euvvvvereieeerreereennes 25° Minimum 15°, Maximum 35°.
Duchemin-Wagner ......... 30° to 85°
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OPENING OF THE VERGE PaLLETS.

Le Roy and Sully ......... 95° to 100° )

] © 14
R I i 0, i 16
Duchemin-Wagner ......... 100° to 115°

Two remarks in connection with this Table.

151.—On examining the above table it will be seen that
the earlier proportions differ from the more modern in this:
with the older watchmakers the opening of the pallets varied
between the limits 90° and 100°, and with recent makers the
limits were 100° and 115°. The maximum opening in the former
case is exactly the minimum in the latter. It seems strange
that it did not occur to such horologists as Le Roy, Sully,
Berthoud, Jodin, ete., who occupied themselves with the vertical
escapement during many years, that the addition of a few
degrees to the opening of the pallets would ensure a greater
degree of accuracy than that to which they had then attained.

A prolonged experience of this escapement had led them
to discover the difficulty which the advocates of a considerable
opening, carried away by the system of very large oscillations
at one time in favour, had not foreseen, but which they could
not have failed to discover after a few years passed in watch-
jobbing.

It is a fact equally worthy of remark that whenever
practical men have found fault with Le Roy for making the
opening of the pallets in his verge clocks too great and the
pallets themselves very short, thus rendering a light balance
and large oscillations essential and introducing excessive fric-
tion, they have condemned the modern system of escapement
with very open pallets, which are also deserving of the above
criticisms, and not less justly so than the clock escapement of
Le Roy.

CHAPTER 1II.
PRINCIPLE OF THE VERGE ESCAPEMENT.

Tangential Escaping.

152. Lift.—Let a b (fig. 10) be the line which passes
through the centres of movement of the wheel and verge; z v
the line of action of the motive force, and, at the same time, the
projection of the plane passing through the points of the teeth.
It will be at once seen, from a simple examination of the figure,
that the only case in which the escapement acts tangentially is
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when the face of the pallet i is in the plane a 4. For the line,
2 v, indicating the lne of action of the force, is then perpen-
dicular to the radius g and consequently is a tangent to the
circle p g 7.

Fig. 10.

Recoil takes place when the pallet, having received the
impulse from the tooth, compels this latter to move in a reverse
direction. But, since the drop only occurs when this tooth has
passed the line of centres, it follows that, while the tooth is
forced backwards, friction is brought into play which diminishes
as the action takes place nearer and nearer to the line a .

153.—Hence : In the verge escapement, the friction intro-
duced, the resolution of the motive force and the pressure on the
azes, during the lift and recoil, will increase as the action takes
place farther from the line of centres, thus becoming more and
more oblique to that line.

The liftis accompanied by disengaging friction. The recoil,
on the contrary, is influenced by engaging friction ; it is in the
recoil, therefore, that the primary fault of thismechanism consists.

The pallet escapements of clocks are so constructed that the
action shall take place much less obliquely to the line of centres
. than in watch escapements; thus it is that the former continue
to work satisfactorily for a much longer period than the latter.

To Design a Verge Escapement.

154.—The method adopted in preparing such a design is
based on the principle laid down by M. Wagner that ¢‘ The
length and opening of the pallet should vary with the arc of
oscillation it is desired the balance or pendulum shall perform.”

Consider the case of a clock escapement which is required
to describe 8° of lift and 6° of supplementary arc.

The opening of the pallets will therefore be 14°.

Draw aB(fig. 11) the line of centres; at equal distances on
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~either side of this line draw two lines B and x parallel to it,
such that the distance H x is equal to the interval between the
points of two teeth, an interval which, if not already known,
must be first determined.

Through the point 4, taken as the centre of rotation of the
axis of the verge, draw the line Fa, perpendicular to A B, and
set out the angle oAy, equal to 3° (half the supplementary
arc); then the angle cay, equal to 3° + 8 or 11°. The entire
angle o A c is therefore 14°.

Fig. 11.

Now, by means of a scale inoving parallel to the line ra,
determine the point along the line A c, at which o is equal to
xc. The point ¢ thus fixed upon will be the extremity of the
pallet A c, and will indicate the position it occupies at the end of
the lift ; that is, when the tooth is just on the point of escaping.

The line Ep drawn through c, perpendicular to A B, fixes
the plane in which the teeth of the wheel rotate.

o
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From the point A as a centre, and with the distance ac,
lescribe an arc of a circle in order to ascertain the length of
he other pallet. As to the position of the tooth which is caused
o recoil immediately on the commencement of the supple-
nentary arc, it is determined by the intersection of the lines
\0 and ED,

The Opening.

155.—Figure 11 represents a verge with an opening of
14°. It shows that the motive force acts on the tooth o, in the
direction E D, and the recoil acts in the direction H ¢; that,
therefore, the force causing the wheel to go backwards acts
nearly perpendicular to the line of centres o B in which the
axis of the wheel lies. The action takes place in opposition to
the motion of the wheel, so that it travels a few degrees back-
wards. This recoil occasions no difficulty, since the play in
the depths is sufficient to prevent its being seriously resisted on’
the part of the wheel. Moreover, the point o is so close to the
line of centres A B, that the pressure on the pivots is reduced
to a minimum, and the action of the tooth on the pallet is
not resisted by any considerable friction ; hence, in such clock
escapements as have a moderate opening, very little wear of

the surface of the pallets occurs where this recoil takes place.

In ascertaining the direction of the forces during the lift,
we observe that the line x L (fig. 11) is much more inclined
than H ¢ to the line p E, along which the motive force acts, and
that the point of the tooth acts much farther from the line of
<entres. But since the friction during lift is less intense than
that during recoil (the first being disengaging and the second
engaging friction), the escapement is, notwithstanding these
facts, well adapted to resist wear. .

As an example of this form of escapement, we may quote
that found in Comté clocks. It wears much less rapidly than
in a watch, and will continue in action maintaining a fairly
‘uniform rate of time-keeping for five or six years or even longer.

Let us now comsider the right-hand diagram in fig. 12,
‘where the opening of the verge is as much as 115°, and the
directions of the several forces are indicated by » E, H 4, X L
(the same letters being used as in the former case); it will
be observed that, as we increase the angle of the pallets, the
angles which ¢ and K L make with the line of centres A B
become more and more acute. From this it follows that the
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force acts more obliquely, and the resistance tends to act in the
direction of the axis of the wheel ; a very unfortunate circum-
stance, for an increased proportion of the impelling force has to
be resisted by the point of a pivot resting against a rigid plate.
The wheel, held between the point of a tooth and its lower
pivot, acts as if it were an inflexible rod pressed at its two ends.
‘The pressure on the axes is very great, as is also the extent to
which the force is resolved; the motive power is partially
paralysed, and, owing to the inertia of the balance, the opposing
forces produce such an amount of friction that the pallets,
however hardened, are unable to resist its action.

' ig. 1.

We thus see, as M. Wr:gner has pointed out, ‘‘that the
vertical escapement is all the more capable of giving accurate
results as the oscillations are shorter.” And, since the arc
described by the balance and the opening of the verge are
correlated, we may add : a watch escapement will be the more
lasting if the angle of the pallets is no greater than that
found to be absolutely necessary and justified by experiment.

As will be shown in the sequel, it has been fixed at 100°.

The Lift.

' 156.—It has been already mentioned that the extent to
which the pallets are planted in the teeth of the balance wheel
is not a matter of indifference; it depends on the angle of these
pallets. The same may be said with regard to the distance
between the points of the teeth and the axis of the verge: it
must be diminished as we increase the opening of the pallets.
With an angle of 40° (fig. 13) the pitch will be from one-
seventh to one-sixth of the width of the pallet measured from
its edge. The space between the teeth and the body of
the verge will be rather more than the distance apart of the
points of two successive teeth.
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Assuming the opening to be 100°, the pitching will be

about two-thirds of the width of the pallet.: The interval
between the points of the teeth and the verge axis will be from
one-fourth to one-sixth of the distance apart of two teeth
fig. 12).
(b Fix)lally, with an angle of 115° the pitching will be
from six-sevenths to five-sixths, and, in practice, this is
expressed by saying that the wheel falls just against the
body of the verge. In this case the distance of the points of
the teeth from the axis of the balance is about one-tenth of the
interval between two teeth.

The above figures, although only approximate, are quite
sufficient. Exact figures would be useless, and could not be
accurately adhered to in the escapement we are now considering.

157.—These remarks on the amount of pitch are
equally applicable, if we reverse the ratios, in discussing the
width of the pallets, which should vary inversely with their
opening. (See figs. 11, 12, and 13, in which the interval
between the teeth is constant.) The greater the angle, the less
the width of the pallets; thus the wheel acts on a shorter and
shorter arm, the impulse communicated to the balance varying

-with the length of this arm and the period during which
the motive force acts on it.

It therefore becomes evident that some relation must exist
between the motive force, the length of arm above referred to,
and the weight and diameter of the balance ; but a problem of
this complexity is beyond the range of calculation, and must
be decided, for the present, by experience. =~ The best
horologists have determined upon about two-thirds of the width
of the pallet as the extreme limit of pitch permissible in an
ordinary watch, and, it may be observed, this amount is exactly
that which corresponds to an opening of 100°.

The Supplementary Arc.

158.—Every watchmaker is aware that in the case of
most of the escapements met with in practice, it may be laid
down as a general rule, that the watch maintains its going
better according as the supplementary arc is greater in com-
parison with the lifting arc (95).

With a lifting angle of 40° we obtain, as a rule, from a
verge escapement a total vibration of nearly 180° If the lift
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‘be increased beyond 40° to, say, 50°, the entire oscillation is
not increased in the ratio of 40 to 50, so as to give an arc of
225° (nearly three-quarters of a complete rotation), as this
proportion would indicate; the sole effect is that the vibrations
are characterized by taking place rapidly and irregularly. This
comparative decrease in the supplementary arc when the entire

. Fig. 18,
oscillation exceeds 180°, to which, to the best of our knowledge,
attention has never before been directed, is explicable if it be
remembered that: (1) the resistance owing to recoil is consider-
-ably increased ; (2) the lever arm is shortened, thus causing less
force to be applied to the balance by the wheel; and (3) the edge
of the pallet rubs against the face of the tooth, so reducing
the supplementary arc. This banking occurs towards the
-end of the oscillation when it is only 170°, and becomes the
more serious as this amount is exceeded. The resistance occa-
sioned by the banking is such that, in a watch liable to
rough wear, it causes the larger oscillations to be more rapid
than the small ones, a circumstance with which all watchmakers
.are acquainted.
) The conclusion we arrive at is, that whenever the
-amount of lift exceeds that necessary to produce a balance
vibration of the requisite amplitude, rapid destruction and
irregularity cannot fail to occur in the mechanism. Since long
-experience has demonstrated 40° of lift to be amply sufficient in
watches, it will be well to adhere to this number, especially as
it has, besides, the advantage of securing the greatest relative
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amount of additional arc; but, as it has been shown that the
amount of lift and of opening are mutually dependent, it
follows that the best opening is that which secures a lift of 40°,
that is an angle of 100°.

Reecoll.

169.—The period of recoil amounts to one-half of the entire
additional arc. In the escapement of an ordinary clock, with
a complete oscillation of about 20°, the recoil will occupy 6°,
while in a watch with a vibration of 180°, the recoil occupies
70°. But these two numbers only express the relative extent of
the recoil in the two cases, and cannot be taken as proportional
to its intensity; for, on such a supposition, the disproportion
between the two examples would be all the more marked. This
fact will be easily understood if we remember that, as has
already been pointed out (155), the thrust of the balance, the-
cause of recoil, approximates towards a direction parallel to
the axis of the wheel as the angle of the pallets is increased.
Hence it is evident that rules which apply in the case of a clock
escapement, must be very considerably modified when we come
to apply them to a watch.

Bankings, which are in great part avoided by increasing:
the opening, are less objectionable than recoil.

The recoil is the grand defect of the vertical escapement.
as arranged in a watch, and this conclusion has been arrived at
by nearly every practical man, even Duchemin himself having
ultimately recognized it. (See L’'Ar¢ de conduire les pendules,
etc., by M. Robert, page 248.)

Besides interfering with the due performance of the
supplementary arc, the friction, occurring as it does at two
distinct periods of the vibration, in nearly every case causes
the pallets to wear, and occasionally these are cut through if
the watch has been long enough in action. It is always at the
point corresponding to the commencement of recoil that the
. wear of the pallet first occurs, and this is very conspicuous
through an eye-glass or even to the naked eye. Assoon as a
pallet is at all worn, the points of the teeth become distorted,
the steel wears rapidly over all its rubbing surface, and the
variations in time-keeping are more and more marked. The:
energy of the recoil is, moreover, indicated by the rapid
enlargement of the pivot-holes, and frequently by the wear of
the pivots themselves.
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All attempts to render more lasting the several parts of
this escapement, such as a gold wheel, a hardened steel wheel
working with a small quantity of oil on the points, ruby pivot-
holes, etc., have utterly failed, from the simple reason that none
of them get rid of recoil, the radical defect of the escapement.

It follows from what has been said that, since the extent
and harshness of the recoil increase with the angle of the pallets,
it is advisable to adopt as small an opening as possible if we
would reduce the sources of wear and irregularity which, in any
case, will show themselves soon enough. As has been already
seen, there are many good reasons for not exceeding, or, if at
all, by very little, 100° for this opening of the pallets.

Inclination of the Teeth of the Wheel.

160.—The inclination of the teeth of the wheel must
clearly be as great as possible in order to prevent the pallet
striking against their faces. Modern horologists make it 35°;
but this seems to be a mistake, for, since it is necessary to
cut away a considerable portion of the back of the tooth in
order to avoid catching, a thin elongated tooth will be produced
with so little rigidity that great difficulty will be experienced
in securing and maintaining trueness in the wheel.

The left-hand diagram of fig. 12, page 67, in which the
several parts are represented to scale, does mnot require
explanation.

It will be well not to exceed 80°. This amount of in-
clination allows of the teeth being sufficiently rigid, and does
not require, to nearly the same extent as 35°% an amount of
care and delicacy which it would be ridiculous to expect of
the watch-jobbers who have to do with this second-rate class
of watch. It must, nevertheless, be confessed, that the only
objections to an inclination of 35° are the difficulty of cutting
the teeth and of maintaining the wheel true.

RECAPITULATION.

161,—It is shown in the preceding articles that the
opening of the pallets and their pitch with the teeth, the
lift, supplementary are, entire vibration, the amount of recoil,
etc., are all mutually related, and not one can be treated inde-
pendently ; it only remains, after choosing a definite basis, to
fix the relative proportions of the several parts.

Now as soon as it has been shown that if a total vibration
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of 180° is exceeded, the rate of wear of the working surfaces,
as well as the causes of irregularity in going, increase rapidly
(158), we at once have an exact datum to guide us in the
. construction of the escapement. That is to say, the motive
force, weight of balance, lift, friction, etc., are all secondary
to this arc of wvibration, and must be so co-ordinated as to
produce it under the best possible mechanical conditions.

And, in conclusion, it must be borne in mind that we have
already shown the adoption of 100° for the angle of the pallets
to secure, in addition to an amount of lift of about 40°: (1) an
entire vibration of sufficient extent (for it may be as much as
180°) which will be completed with much greater freedom than
if more extended ; (2) the most free and, at the same time, the
greatest additional arc it is possible to have in comparison
with a given lift; and (3) an overlapping of two-thirds the
width of the pallet, which gives neither so much leverage as
that the balance loses all control over the wheel, nor so little
as to occasion a sefting, an infallible sign that the motive force
impelling the pallet is insufficient. All these well-known facts,
proved both by theory and experience (see the works of Le
Roy, Sully, Berthoud, Jodin, Lepaute, Tavan, Perron, Duchemin,
etc., etc.), are amply sufficient to demonstrate that we must in
no case exceed 100° and when it is remembered that three or
four extra degrees will cause not only the pitch, but also the
energy of recoil (already so considerable and prejudicial at
100°) to increase in a rapid ratio, it is surprising that the amount
of opening should still be considered open to discussion ; and one
is astonished at the oft repetition of such a proposal as to
employ a lift of 50° to produce a total oscillation of 170°, when
the experience of over a century has proved such an oscillation
to be easily obtainable with a lift of about 35°

It should not be forgotten that the extent of oscillation is
a consequence of the greater or less freedom of the train, the
accurate adjustment of the contrate wheel depth, the weight
of the balance, the uniform action of the balance-spring, and
of the several frictions in the escapement.

We have as yet made no reference to the drop, or to the
exact width of the pallets, but they will be discussed further
on. It should be observed, however, that Duchemin gives only
one width for the pallets, and yet it certainly must vary con-
siderably if the opening is increased from 100° to 115°.
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Table showing the several dimensions of the Escapement in Verge
‘Watches of the present Day.

162, Opening of the pallets e 100°

’ Total Lfting rC....ccceerverrrrnerereeecssrsirsennnnennnt 409
Inclination of the teeth to the axis of the wheel 30°

Maximum complete oscillation .........ceceeerenns 180°
Oscillation possible without overbanking ......... 220°

‘Width of the pallets (measured from the centre of the axis), a little
more than half the distance between the points of two successive

teeth, or approximately :

With a wheel of 11 teeth th (bare) of its diameter.
”» ” 18 ” i’th ” ”
» 2 16 ” 4“‘ ” 4

The proportions should be finally adjusted after the lift and
drop have been verified with all the parts in position.

If it be required to slightly reduce the angle of the pallets,
we must somewhat increase their width, decrease the extent of
lift and of the complete oscillation, and make the size and
weight of the balance greater, taking care that these changes
are in due proportion.

The teeth should be so cut away behind as to avoid any
catching of the edge of the pallet on them.

163.—Ix ComtE CLOCKS:

The lifting arc is about 2° or 3° on either side.

The supplementary arc is a few degrees greater; so that
the complete oscillation is between 10° and 15°.—The angle of
the pallets is between 50° and 60° (936).

These pallets are at times flat and of the same thickness as
the body of the verge, whence it arises that the angle formed
at the axis is somewhat less than the actual angle of the pallets.
As to those in which the face is concave, they act very nearly
as though it were a plane passing through the axis of rotation.

As these escapements have a more open angle, and narrower
pallets than are theoretically correct, a very considerable
amount of friction is occasioned. The choice of such propor-
tions by the manufacturers, however, is due to the fact that,
when so disposed, the escapement requires a less weight on the
pendulum, less accurate adjustment in the workings, and admits
of greater supplementary arcs, than if constructed in the manner
which theory would indicate to be the best.

We have already treated the verge escapement in a
sufficiently exhaustive manner and, prior to it, the question of
friction, to render useless any further particulars.
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PRACTICAL DETAILS
Bearing on the conditions above laid down.

164.—Nearly, if not quite, all the best practical horologists
are agreed on this point, that 40° of lift is amply sufficient,
and that the only effect of exceeding this is to introduce fresh
causes of wear and irregularity.

In watch factories, where during a long period experi
ments were made on the subject of this angle, 100° has been
fixed for forty years past as a maximum opening.

When the balance of a watch has what is called a falling
off in the crossings, 1t is generally sufficient, providing the pallets
are wide enough, to slightly close the verge opening in the flame
of alamp, in the manner well known to watch-jobbers, by which a
greater liveliness in the motion and a more uniform timing will
be secured, if the balance be not too light.

If a competent watchmaker be asked what is the chief
characteristic of too great an opening, he will unhesitatingly
reply that, in the absence of any other means, he would detect
it by the balance vibrating to its full extent so long as the
oil is fresh and the rubbing surfaces retain their initial state of
perfect polish, but falling off in the crossings after going for
a few weeks and constantly varying after that. Now what he
regards as a too open verge is one of which the angle exceeds
100°, as we have repeatedly proved to be the case, and hence
arises that expression commonly employed in the trade: ¢ke
verge must be opened rather more than a right angle. '

Old watches were capable of maintaining their rate for
about three years. Modern ones, while favourably constructed
as regards thickness, go with difficulty for eighteen months or
two years, and at the end of this period their pallets are nearly
always much worn. Such watches usually go very well during the
first few months, and very badly during the remaining period.

Finally, all these facts, so crucial and so well known,
are confirmed by the unmistakeable evidence of English
watches. The English system is utterly different from that
practised by us; the pallets are less open, the balance is heavier,
and the complete vibration less, all objectionable features in
the eyes of those who recommend the large opening. And yet
such an escapement gives a rate equal to that of recently
cleaned French watches with widely open verges, but with this
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important difference: that those of our manufacture soon go
irregularly and become worn, while the English timekeepers
maintain their rate for years, and even then their rubbing
surfaces are only slightly worn, if at all.

One proof, and that unanswerable, of the superiority of
this latter class of escapements is the excellence of their rate of
timekeeping, that is, within the limits which are reasonable for
such an escapement, with jewelled holes for the balance pivots,
an improvement not yet introduced into French watches.

The English have shown their discretion; they have

‘endeavoured to diminish the combined effects of recoil and the
banking "of the pallet, and have been successful, while we
bhave all the time been tending in the reverse direction.

Too Bmall—Too Great Opening.

165.—When the verge is too much closed, banking occurs,
though the oscillation be very short. If the pallets have great
width, the tooth acts on a lever which is too long ; its action on
the balance is proportionately excessive, and this latter, losing its
control over the motive force, is affected by its want of uniformity.

When the opening of the verge is great, the wheel is
set very near to the body of the verge. The lever on which
the teeth act becomes so short and so much inclined to the
direction in which the force is applied that, during the greater
part of its action, the impulse is insufficient to overcome the
resistance occasioned by the inertia of the balance and the
thickening of the oil; the consequence is that the escapement
scts, even with a light balance.

166.—Besides this, a reduction in the width of the
pallets renders the friction more variable, because
the play of the pivots and consequent increase of
the pivot-holes becomes greater. Let there be two ‘I
verge pallets and let each be reduced by the same =
amount, A B(fig. 14); it is evident that, since the fric-
tion has been transferred from A to B, it will, with .
the short lever, vary in the proportion of two to one, Fig. 14.
and in the second case only to the extent of one-fifth.

In general, when the angle of the pallets is not sufficiently
large the vibrations are short and rapid, and in the converse
case they soon become sluggish; either circumstance has the
effect of making the watch vary in its rate.
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The above essentially practical results are indeed apparent
to the eye of an observer when the opening of the pallets is
below 95°, or above 100°. If it be remembered that the
intensity of the friction during recoil and the pressure of the
edge of the pallet against the faces of the teeth become more
severe as this latter amount is exceeded, and also bearing in
mind that when the opening is considerable the adjustment of
the escapement demands an amount of care and delicacy quite
incompetible with the cheapness of the class of watch to which
it is applied, it must be admitted that it should in no case
exceed 100°. To attempt to force workmen to devote such
care to the verge escapement as is requisite in the case of the
higher class of escapements, is an error we will only indicate,
it is not worth refuting.

CHAPTER IIL
MANIPULATIVE DETAILS OF CONSTRUCTION.

The Verge.

162.—The verge, made of steel of the very best quality,
should be cavefully hardened, its pivots being tempered to a
blue or rather violet tint, but its pallets only to a yellow, and
the whole should be perfectly polished. Every watchmaker
is aware that a verge is straightened by striking with the sharp
end of a hammer head on the concave side of the body, while
the convex side is supported in a horizontal position, and that
it is as well not to attempt to remove the marks left by the
hammer. In soldering on the collet, care is necessary to avoid
over-heating of the steel, as this renders it rotten, brittle, and
much more liable to wear at the points of contact with the wheel.

The verge pallets should be cut down to the middle of the
body. Berthoud cut them down rather less than this in order
to diminish the drop; but such a practice is inconvenient in
several ways; the increased recoil accompanied by a too short
drop frequently causes stoppage ; moreover, as the angle of the
pallets appears somewhat greater than it is in reality, there is
some difficulty in determining whether it is properly adjusted.

With a verge in which the pallets are cut down beyond
the centre of the axis, the drop becomes considerable. As a
general rule the watch soon falls off in its rate (170.)
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The authors quoted above do not recommend precisely the
same dimensions for the pallets, but this is unimportant. It is
best to make their width rather more than half the distance
between the points of two successive teeth (162); and they can
be carefully reduced until the lift and drop are properly adjusted.

. The width is measured from the edge of the pallet to
the middle of the body, and it is always in this sense that
we have referred to the width of the pallets. It will be seen
from this explanation that if the entire width of a pallet be
measured it will be necessary to deduct from it half the thick-
ness of the verge body in order to ascertain the true width of
the pallet measured from the centre of rotation; and this is the
only exact measure, since the total width varies with the
thickness of the body.

The curvature of the outer edge of the pallet should be
concentric with the axis, as though it were a radial slice cut
out of a cylindrical rod. Such an arrangement has this
advantage : the width of the pallets will not be reduced when
it is necessary to re-polish them.

168.—The pallets must be highly polished ; but care should
be taken that the rouge on the zinc or copper polisher be not too
dry, and it is well to complete the process with a soft piece of
wood charged with the finest quality of rouge employed.

Some workmen use nothing but oilstone dust and iron for
narrowing the pallets, which should be of absolutely equal
width; this operation should always be completed with rouge,
and the edges should be carefully rounded, for the use of oilstone
powder leaves a kind of wire edge which is very detrimental
both to the teeth of the balance wheel and the pallets themselves,

Soap and water is a good and convenient method of
_cleaning a verge, and is the one practised by the best workmen,

" Verges with ruby pallets.—Verges cut beyond the centre.

169.—Watchmakers who think they have introduced a
novel improvement by constructing the verge pallets of ruby _
are frequently met with, more especially in the provinces.
They eagerly announce thelr discovery with a great flourish of
trumpets, but after a few months nothing more is heard of it.

Some watches provided with ruby pallets have been known
to go fairly well; and the marine chronometers by Harrison
and Larcum- Kendal may be referred to as instances. But their
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success depends on the correct solution of a problem in friction,
and this question, though it appears simple at first sight, is
extremely complex and would require for its consideration all
the resources of modern science; in other words it is out of the
power of watchmakers of the present day, except perhaps some
half-dozen ; and, as to science, it has more important work to
do than to devote its attention to the verge escapement (177).

170.—When the verge is cut short of the centre or
beyond it, it is quite possible to regulate the watch. We only
need find out a certain relation and fix it. When the opening
is beyond the centre, however, this relation is maintained with
the more difficulty, the angle of the pallets is not so exactly
determined, and as soon as the verge wears it becomes useless.
We do not dwell upon these moveltics, often attempted and as
often abandoned.

The Balance Wheel.

171,—The balance wheel, formed of perfectly hard brass,
should, as already shown, have as great a diameter as possible.
The teeth must be of a good average thickness, so that the
surface, slightly rounded at the edge which acts on the pallets,
may be, if anything, somewhat thick (41).

When the tooth is thin the force communicated is the same
as with a thick tooth, but since it is distributed over a less
surface, it acts with greater energy at each point. The rough-
nesses of each metal are forced more deeply into the other, and
the pallet is cut more rapidly, the friction continually increasing.

The same reasoning applies to pivots, which are subjected
to excessive friction and wear badly when working in short
metal or jewel holes, and to the destruction of a knife-edge
suspension. Since the knife-edge never bears accurately through-
out its entire length, there is only a series of small surfaces in
contact at any instant, and they rapidly become dull.

A balance wheel must have an odd number of teeth, so
that while a tooth is acting on one pallet the other pallet may
always be in a gap.

An experimentalist (Perron) made, more than half a cen-
tury ago, trials with balance wheels in steel and gold. Theso
latter caused the verge pallets to wear, but those of steel gave
good results when oil was applied to the pallets.

It is difficult to cut a brass wheel perfectly true unless
only a small quantity is removed at a time, a thoroughly good
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circular file or cutter being employed, and the formation of the
teeth being accomplished by oft repeated operations; as the metal
yields irregularly under the pressure of the cutter, the wheel is
always found to be distorted when the ring of teeth is complete.
] Care must be taken in the dressing of the wheel as well as
in the removal of the burr from the points of the teeth and the
equalizing of them. A wheel which does not turn true, or is
unevenly divided, or turns out of flat, occasions a waste of
part of the lift, drops of unequal extent, and, in short, renders
the timing of the watch utterly impossible.

© 172,—1It is a good practice to slightly corrode the teeth
with nitric acid, as explained in the article on Wear of the
Pallets (Chapter 1IV). But after this operation some watch-
makers clean the wheel by brushing it lightly with rottenstone,
burnt hartshorn, or fine charcoal, for just such a period as suffices
for the cleansing of the piece.

Satisfactory results are obtained by employing a tin polisher
and soft water of Ayr stone mixed with oil for removing from
the teeth the streaks left by the cutter; they are then finished by
a piece of soft wood with fine charcoal and oil followed by a brush
dipped in similar charcoal. The use of a burnisher, which in any
case must be very clean and highly polished, does more harm
than good if the wheel has not been previously treated with acid
or perfectly lapped, and at times it only serves to pressthe foreign
bodies resting on the surface of the tooth into its substance.

These latter details will be supplemented by various prac-
tical directions in the following chapter.

To make a Balance Wheel True.

173.—All the tools employed for making a balance wheel
true are sold by the watch-tool and material dealers; but
although the price is considerable the operation performed
by their means is very tedious, and the result is not always
satisfactory. In place of them we may with advantage adopt
the following method of M. Noriet, of Tours, a method which
has been practised successfully for over twenty-five years by
M. Brisbart, of Paris, and by the many pupils of that excellent
teacher.

The burr having been carefully removed from the teeth,
the wheel is placed in position, the escapement carefully
adjusted (without play), and the dovetail is then caused to



=23

o B

i
£
i
4t
NI
-
‘&-_ B

80 VERGE ESCAPEMENT.

traverse a very short space. The movement given should be
no more than is necessary to cause some teeth to catch on the
nose of the potence.

This catching may be produced by a pressure of the finger,
and a slight play should be given to the wheel in the direction
of its axis, so that the tooth may pass the pallet during its recoil.

The dovetail having been thus placed so that some of the
teeth can only be caused to pass by applying pressure, and the
plate being held in the left hand (one finger of which imparts
motion to the wheel), as soon as a tooth catches the two follow-
ing teeth must be impelled past the pallet; the catching tooth is
thus made accessible, and it is easy, with a fine new rounding-
up file, to reduce the inclined face of this tooth in such a manner
as to prevent its catching. This can be done without danger
to the pivot, for the wheel is held by the finger which presses
the shoulder of the pivot against the nose of the dovetail, and the
action of the file tends to give a sort of recoil movement to the
wheel rather than to strain its pivots. After a little practice,
this operation will be found to be neither difficult nor dangerous.

When a complete rotation of the wheel has been made, and
the several teeth in which catching was detected have been
adjusted, the dovetail is slightly moved again, the above opera-
tion is repeated, and so on until all the teeth pass without drop
on the dovetail, etc., ete.

When the irregularities are very considerable, the methods
described in Chapter IV. must be first resorted to. (Badly
formed or irregular teeth.)

Pivots and Plvot-holes.

1724.—If the body of the verge be not thicker than is
necessary for its due solidity, the diameter of the pivots, which
must be hard, cylindrical, and carefully polished, may be a
quarter of the width of the pallets; experience has proved that
this is the most convenient proportion for the diameter of the
pivot to bear to the width of the pallet. The pivots should have
a length equal to three times their diameter; their ends must
not be rounded but flat, the angles being slightly rounded off,
in order that the total amount of friction may be, as nearly as
possible, equal in the vertical and horizontal positions, that is,
in order to regulate for position.

The balance wheel pivots may have the same thickness as
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those of the verge itself. They may be even finer without
inconvenience; but care should be taken to make them of suf-
ficient length, at least twice their diameter, and more if possible.

175.—The pivot-holes must be made in brass of good
quality, and not too thin, otherwise they will cause the pivots
to wear away. The reason of this has been already mentioned
in article 171,

The broach employed to finish off the holes should be
gently rubbed with rouge in the direction of its length
before use. This treatment removes slight blisters and renders
its edges less cutting and less liable to leave small particles of
steel adhering to the sides of the holes. They constitute a
cause of wear which is but little noticed ; it is, however, proved
to exist by the fact that if, after continued use, the cutting
edges of small broaches are examined by means of a powerful
lens, saw-like indentations are at once detected.

After using the broach, the hole is pohshed by a fine
point of peg-wood dipped in polishing rouge or in a paste of
soft wood -charcoal and oil. Some experienced watchmakers
condemn the use of polishing rouge ; we, however, as well as
many others, have found it to work well, but it is essential that
the subsequent cleansing be performed with care.

The pivot-hole in the cock which is traversed by the verge
pivot must be of moderate dimensions, so that, in case a pivot
breaks the train may be prevented from running down.

The nose of the potence and the counter-potence must be
rounded in a tallow-drop form from the side of their end-plates,
and there should be a slight interval between them in order
that fresh oil may pass into the hole as that already there
becomes dried up (91).

Jewelled Pivot-holes.

126.—Jewelled pivot-holes are not so satisfactory as those of
good brass ; they render a watch difficult to regulate and liable to
sudden and unforeseen variations, and similar difficulties are in-
curred when the escapement pivots are made of extreme fineness.

As was the case with ruby pallets, the whole problem
resolves itself into a question of friction; for timing depends
on the existence of a certain equilibrium between the power
and the resistance—hence, if the necessary conditions are
secured with steel and brass in contact, they will no longer be
maintained if the brass be replaced by a substance which ie

6
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much harder and better polished and, as a consequence, less
impressed than this metal is under a given pressure.

172.—The reduction of the resistance due to friction
renders the escapement very sensitive, and it becomes necessary
that the whole mechanism be much more carefully proportioned.
Watchmakers who are accomplished men of science may be
successful in this; as to others, we can but express a hope that
they will not engage in experiments which have objections
greater than that of merely involving a waste of time.

The hole in the dovetail is easily thrown out by stopping
and causes rapid wear to the pivot; a ruby hole would ensure
the proper action of the escapement for a long period. The
chances of its being beneficial will be gathered from the account
subsequently given of some experiments made by a Paris
watchmaker.

The Balance.

178.—Neither authors nor practical men have any definite
geometrical rule for ascertaining the size and weight of a balance.

This difficult and novel question will be discussed at con-
siderable length in the sequel ; for the present we must merely
give the reader the data arrived at by experience—data which,
as will be seen, are at best exceedingly vague.

Its diameter in the modern form of watch should be,
according to an empirical rule, about the same as that of the
barrel. Experience, at any rate, indicates that a theoretically
perfect balance will approximate to such a size.

As regards its weight, in watches as now constructed a
balance which beats freely, without its balance-spring, less
than 25 minutes an hour is too heavy and must be diminished ;
otherwise it would occasion setting, and a large amount of
useless friction. One which beats more than 27 minutes is too
light and therefore difficult to regulate; it must be replaced.

It must be observed that this operation, called in French
lirer les minutes, in English Zalf-timing, must not be attempted
until we are assured of the soundness of the depths, the freedom
of all the moving parts, the play of the pivots, and the
presence of a proper supply of oil, etc.; for even a slight
variation in the freedom of the train will influence the relation
of the motive power to the regulator, and, as a consequence, the
vibration of the balance, which, although beating the required
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number of minutes, will thus probably prove to be incapable of
ensuring an accurate timing.

Watches with a slow period of vibration require heavy
balances and delicate balance-springs; hence they are liable to
banking when carried. It is advisable therefore that the balance
should not make less than 16,000 vibrations, or more than 18,000.

A balance must be in perfect equipoise; its weight con-
centrated at the circumference, and its arms and centre as far
reduced as is consistent with solidity.

179.—If a balance beats a known number of minutes, say 20,
we can calculate the extent to which its weight must be reduced
in order that it may beat, say, 26 minutes. The following
formula for solving such a problem is given by M. Henri Robert.

Square the number of minutes required (26) and the
number already obtained (20), then calculate the proportion as
follows: the first square is to the second as the initial weight of
the balance is to its final weight (z/). The value thus obtained for
(z) gives approximately the weight of the balance which will beat
26’ per hour (1316). :

The Balance-Spring.

180.—It may be taken as a general rule, admitting of but
few exceptions, that the uniform and perfect expansion of a
‘balance-spring, that is, the regularity in the work performed by
the several elements of its length, is the best test of its regulating
power. In the majority of timekeepers in ordinary use, success
in timing is far more due to this property than to its being of
any particular length.

Without attempting here to discuss a question which will
be treated of in considerable detail subsequently (see the
chapter on T%e Balance-spring), we would simply observe that
the verge watches of the present day, having much longer
balance-springs than those of older construction, are yet in no
way superior in the matter of timing. So far as this spring is
concerned the reason of this shall be pointed out.

It must not consist of too great a number of turns: the -
opinion of the majority of practical men who have studied the
subject, an opinion which is confirmed by our own personal
experience, is that as a rule the verge escapement cannot be
regulated well when provided with such a spring. Now the
greater the number of turns composing a spiral of a given
diameter, the greater must be its length, and it will require so
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