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PREFACE.

— O e

As so many books had lately been published on Watch
and Clock Making, it was with some hesitation that I
accepted the task of writing this manual. However,
on further reviewing the horological literature in our
language, it appeared so scant in comparison with the
importance and interest of the subject, and so firm
was my conviction that the entire absence of any
system of technical education was the chief cause
of the decadence of the trade in this country (which
has been so much felt during the last few years), that I
was induced to undertake the work from the desire of
promoting the educational movement now going on,
and of assigting the rising generation of watchmakers
to overcome those difficulties which had proved such
stumbling-blocks to myself and others at the outset
of our careers.

This volume is intended not only as a text-book for
technical classes, but is designed also as a book of
reference for the practical workman.

In the introductory sections 1 have summarily traced
the progress of the watch and clock trade down to
the present time, and have endeavoured to show by
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what very gradual steps real improvements take place
or are appreciated. In the remainder of the book I have
combined the theoretical treatment with the practical
in such a manner as will, I trust, prove both interest-
ing and instructive to the student, although from the
limited space at my disposal the whole can be regarded
only as a compendium of an almost inexhaustible sub-
ject. The principal drawings have been done by my
son, who has also generally assisted me in the prepara-
tion of the manual

Want of space has likewise prevented me from
adding a fow chapters on Watch-Jobbing, as was my
original intention. A careful study of the practical
portions of the book will, however, enable any work-
man to repair or replace injured or broken parts of the
mechanism in the proper way, and the explanation of
the theory and action of the various escapements will
direct him in detecting any error or wrong propor-
tions in any given escapement—the most important and
difficult task the watch-jobber has to perform.

DAVID GLASGOW.
20, Myddelton Square, E.C.
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———

CHAPTER 1.

TIME MEASURES—CLOCKS.

1. Time.—Two fundamental ideas form the basis of
all investigations in physical phenomena: these are
duration and extension, or time and space. Both are
conceived by us as unbounded, continuous, and indefi-
nitely divisiblee. We can conceive of them existing
without matter, for if the whole material universe were
destroyed, time and space would remain. Neither, how-
ever, could be measured without the existence of matter.
Portions of space can be considered only by reference to
material things, and portions of time only by means of
motion. Measured time may be defined as the per-
ceived number of successive movements. In other words,
time is duration, as set out by certain periods and
marked by certain measures and epochs.

The measures of time are days, months, years, and
cycles ; and, for the convenience of the ordinary routine
and business of life, man has from time immemorial sub-
divided the natural periods into shorter, and what may
be called mathematical, periods, such as hours, minutes,
and seconds ; for the recording and measuring of which,
the different machines used in horology have been in-
vented and constructed.

Amongst the primitive nations the sub-divisions of
the day were always more or less marked. The ancient
Romans divided it into four parts, while in most
civilised countries it is now divided into twenty-four

B
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hours, which are each sub-divided into sixty minutes,
each of which contains sixty seconds. Our clocks and
watches are warked for twelve hours only, which are
twice counted.

The Italians reckon from one to twenty-four (which is
also the mode of reckoning in our observatories with as-
tronomical clocks), while the Chinese divide the day into
twelve hours only, each of which is equal to two of ours.

A day is the time of the complete rotation of the earth
on its axis, either with veference to the stars or to the
sun.
2. A Sidereal Day.—The interval between successive
transits of the same star is termed a sidereal day. It is
the true period of the earth’s rotation. It is ascertained
with great exactness by the ordinary observations of astro-
nomers, and is, as far as we know, invariable. It is the
standard by which all clock time is finally regulated, and
is daily taken at observatories by observing particular
stars by means of a transit instrument : <.e., a telescope
fixed at right angles across a stiff axis with pivots at the
ends, which is laid horizontally east and west on firm
supports, thus allowing the telescope to move only in the
plane of the meridian (Fig. 1). It has wires stretched
vertically across the focus, and it is by the sun or par-
ticular stars being observed to pass this meridian that
we measure whole days.

(For a full description of the transit instrument and
its uses, see ¢ A Treatise on the Transit Instrument as
applied to the Determination of Time,” by Latimer
Clark, M.I.C.E,, &c., and “Transit Tables for 1884,
giving the Transit of the Sun and of certain Stars for
every Day in the Year, computed from the ¢ Nautical
Almanac’ for Popular Use,” by the same author. Lon-
don : Alfred J. Frost, 6, Westminster Chambers, Victoria
Street, S.W.)

Mr. Clark, in his treatise, gives the following instruc-
tions for using the transit instrument :—

“The direct result of a transit observation anywhere
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made is the local time at that spot, but by adding a cer-
tain constant, which never varies, we convert this into
Greenwich time. This constant depends on our longitude

Fig. 1.—Transit Instrument,

east or west of Greenwich. The first requisite is,
therefore, to find to what extent our station is either
east or west of Greenwich, or, in other words, to take our
longitude by means of a map. Let us, for the present,
assume our station to be at Marlow, which is 3’ 5” in
time west of Gieenwich.
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“The Transit Tables give us, with minute accu-
racy, the time at which the sun passes across the
meridian of Greenwich, 7.e., the time at which the sun
is due south at Greenwich, for every day in the year.
Now, since our longitude is 3’ 5” west of Greenwich, the
sun will pass every day over our meridian at Marlow
3’ 5" after it has passed over the meridian at Greeewich.
‘We have thus merely to add 3’ 5” to the times given
in the table, and we have for every day in the year the
instant at which the sun will be due south at Marlow,
and this is the time which should be shown by our clock
at that instant, if it is right.

¢“The sun’s motion in the heavens is so slow that it is
scarcely perceptible to the unassisted eye, but when seen
through a telescope, the motion, as well as its size, are so
much magnified, that the instant of its passage over the
wires of the telescope can be observed within the frac-
tion of a second of time. As an example of its use, we
observe by our watch on March 1 that the sun passed
over the middle wire of our telescope at 14’ 32" past
12. We find by our tables that on this day the

H. M. 8.
Sun souths at Greenwich at . . 12 12 30.82
Add for our longitude . . . 3 5

12 15  35.82
But the time shown by our watch-was 12 14 32

Difference . . . 1 3.82

“TIt is thus evident that our watch was 1’ 3.82"” too
slow.

“The tables give in a similar manner for every evening
the instant of southing of most of the principal stars.
Their rapid motion across the wires of the telescope in-
sures great accuracy in determining the time of their
transit, and as the tables give not only the time of their
southing, but also the altitude of the stars at the time
they pass the meridian, their identification is insured by
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means of the graduated circle attached to the instrument
on which altitudes are measured. As an example of the
process, we observe that on March 2 the bright star
a Tauri crossed the centre wire of our telescope at
5° 50" 50" according to our watch. We find in our tables
that on this day a Tauri southed at

H M. 8.
Greenwich at . . b 47 317
It will therefore south at Marlow on
account of longitude later . . 3 b
b 60 367
By our watch the transit occurred at . 65 50 50
Difference . 13. 3

¢ Our watch was evidently therefore 13" 3” too fast.”

The duration of a sidereal day is 23 hours, 56
minutes, 3 seconds.

3. A Bolar or Civil Day is the time between the tran-
sits of the sun over the meridian on two successive days;
but as the sun revolves relatively in the same direction
as the earth rotates [of course, strictly speaking, it is the
earth which revolves round the sun; it is only apparently
that the sun moves round us], the sun requires nearly
3 minutes, 56 seconds on the average longer than any
particular star to bring him up to the same meridian on
every successive day ; there is therefore one more actual
or sidereal day in the year than there are solar days.

There are two causes which render the lengths of
solar days unequal. The first is the variable velocity of
the earth in its orbit, which is an ellipse, having the
sun not in the centre but at a focus, and in which the
earth moves slowest when it is farthest from the sun,
or in apogee, and quickest when nearest the sun, or in
perigee. And the second is the fact that the earth does
not move (or, which is the same thing, the sun does not
seem to move) in the plane of the earth’s equator, but in
a plane inclined to it. The apparent path of the sun in
the heavens is called the ecliptic, and the second of the
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causes making the solar day of variable length may
therefore be described as the obliquity of the ecliptic.

4. Mean Solar Time.—A mean solar day is the
average length of all the solar days in the year, which
is 24 hours. Conceive an imaginary sun moving uni-
formly in a circle in the plane of the earth’s equator so
as to coincide with the real sun when their paths (the
ecliptic and celestial equator) cross each other, and there-
fore so that the year as marked by the imaginary and
real suns is exactly of the same length. Then the
imaginary sun will mark the mean solar day. The dif-
ference between true and mean time is called the equa-
tion of time.

There are only four days in the year when the
apparent and mean time are the same, and the equation
of time nothing. These are December 24th, April 15th,
June 15th, and August 31st. Between December 24th
and April 15th, and between June 15th and August 31st
the apparent is always before the mean time, whilst in
the remaining intervals it is later; the almanacs generally
give it “clock before ” and “clock after ” sun.

5. Tracing a Meridian.—The equator, and any circle
on the earth parallel to the equator, contains 360 degrees,
each of which is divided into 60 minutes, which are
again divided into 60 seconds. Circles passing through
poles dividing the equator and all parallel circles into
degrees are called lines of longitude. Places in the same
line of longitude have their noon or midday at the same
instant; hence these lines are called meridians of
longitude.

As the earth rotates once in 24 hours and there are
360 degrees of longitude, each degree of longitude =
4 minutes ; so that for ascertaining the local time at any
place it is only necessary to add or subtract for the
distance east or west of the meridian that is chosen for
reference. The meridian of Greenwich is the one now
almost universally used as the initial meridian. It is
important to know how to find the directions of the
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meridian at any spot. Ferguson gives the following
directions for tracing a meridian :—

“ Make four or five concentric circles, a quarter of an
inch from one another, on a flat board about a foot in
breadth, and let the outmost circle be but little less than
the board will contain. Fix a pin perpendicularly in the
centre, and of such a length that its whole shadow may
fall within the innermost circle for at least four hours in
the middle of the day. The pin ought to be about the
eighth part of an inch thick, with a round blunt point.
The board being set exactly level in a place where the
sun shines, suppose from eight in the morning till four in
the afternoon, about which hours the end of the shadow
should fall within all the circles ; watch the times in the
afternoon, when the extremity of the shortening shadow
just touches the several circles, and there make marks,
Then in the afternoon of the same day, watch the
lengthening shadow, and when its end touches the several
circles in going over them make marks also. Lastly,
with a pair of compasses, find exactly the middle points
between the two marks on any circles, and draw a
straight line from the centre to that point, which line
will be covered at noon by the shadow of a small upright
wire, which should be put in place of the pin. The
reason for drawing several circles is, that in case one
part of the day should prove clear, and the other part
somewhat clondy, if you miss the time when the point of
the shadow should touch one circle, you may perhaps
catch it in touching another. The best time for drawing
a meridian line in this manner is about the middle of
summer, because the sun changes his declination slowest
and his altitude fastest in the longest days.”

As a substitute for the transit instrument, Bloxam
invented and patented an instrument called a dipleido-
scope, which consists simply of three plates of glass,
put together at their edges and forming a hollow
triangular prism; two of these plates reflect inwards,
while the front is plain, and, if placed at noon so that
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there is but one image of the sun reflected by the
incident rays from these reflectors, it makes a very
good meridian instrument, with the advantage of en-
abling an observation to be taken when the ordinary
shadow instrument would not be sufficiently distinct.

In taking observations with these instruments with a
view to correct clock time, it is necessary to take into
account the difference between mean solar or true time
and equal or clock time; the simplest means of doing
which is to consult a good almanac that gives the sidereal
time for each noon in the year.

A further correction for longitude would have to be
made if Greenwich mean time were required by those
who are not in that meridian, by adding or subtracting
as described on pages 4 and 5.

6. Sundials and Clepsydree.—The first gnomon or
- sundial of which we have any historical notice is that
of King Ahaz, about 740 B.c. It is mentioned in
2 Kings xx. 11: *“ And Isaiah the prophet cried unto
the Lord : and he brought the shadow ten degrees back-
ward, by which it had gone down in the dial of
Ahaz.”

The ancients used hemispherical dial-plates, with the
radius which throws the shadow running north and
south ; those now in use are flat, with the edge of the
shadow radius forming an angle with the horizon equal
to the latitude in which they are situated or parallel to
the earth’s axis. Although it was possible to tell the
time by a mathematically adjusted sundial to within a
few minutes, they were in a great measure superseded at
a very early date by clepsydre and sand glasses, though
in the face of our want of knowledge of the exact dates
of their invention, it is not easy to say which of them
was in existence first; it is certain, however, that both
were known and in use at a very remote period. They
were found even in Britain by Julius Cesar, who observed
by them the difference in the lengths of the days and
nights of this country and of those of Italy. They were
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introduced, along with other arts and sciences, to Europe
from the East, and it is probable that the intercourse
between the people of this country and the Pheenicians
may account for our thus early possessing them.

Toothed wheels are said to have been first applied to
clepsydree by Ctesibius, a native of Alexandria, about
250 B.c.

Amongst the various descriptions given by ancient
writers of the different forms of clepsydre, I see none
of any method for regulating or counteracting the
irregular pressure of the water consequent on its running
away or through the varying density of the atmosphere.
The most usual form seems to have heen a graduated
vessel containing a float, into which water dropped from
another vessel, the float as it rose indicating the time of
day.

7. Sand @lasses, Candle Clocks, and Orreries.—The
sand clocks or glasses seem to have been very similar
to an ordinary hour-glass of the present day.

Candle clocks were a later method of marking time.
King Alfred the Great is said to have used them, but
whether he was the inventor or not is doubtful.

It is rather remarkable that long before the invention
of wheel clocks, planetariums or orreries were well
known. The first modern planetarium in England was
one made for Lord Orrery, whose name has been since
generally given to these machines, and that our fore-
fathers looked upon the planetary motions as the true
measure of time may be proved by the fact that the first
clocks constructed nearly always showed various astrono-
mical phenomena, in addition to showing or striking the
hours of the day.

8. Wheel Clocks.—Very little is known about the
first invention of wheel clocks, no two writers seemingly
agreeing as to the exact period of their introduction.
Although some historians assign to it such an early date
as even the sixth century, it is not very probable that
they are correct, the words horologium, horologe, &e.,
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- having been applied indiscriminately in old writings to
any machines for measuring time.

It is pretty certain, however, that clocks driven by
weights and striking automatically existed in the eleventh
century.

Gerbert, afterwards Pope Sylvester IL., is said to
have made a clock at Magdeburg in the year 996 ; but
there seems to be a considerable difference of opinion as
to whether it was a clock at all, and Dillmar of Merse-
burg states that it was only a kind of sundial.

The oldest clocks in England were that of St. Paul's
Cathedral, London, and one at Westminster, which latter
was paid for out of a fine imposed by Edward L., in
the year 1288, upon Sir Ralph de Hengham, Chief
Justice of the King’s Bench, for corrupt practices. It is
said to have remained until the time of Queen Elizabeth.
The former clock is mentioned in the ‘ Compotus
Bracerii” of St. Paul's for the year 1286, where the
allowances to the clockmaker, “ Bartholomo Orologiario,”
are mentioned.

9. De Wyck’s Clock.—From these dates the manu-
facture of clocks would appear to have become a settled
industry in this country, although the first authen-
tic description we have of the interior of any wheel
clock is that of one made by Henry de Wyck, a
German, for Charles V. of France in 1379, which has
been not inaptly styled the “ parent of modern time-
keepers,” since, except that it had no pendulum and only
an hour band, it was very like, in principle, the clocks
of the present day. It consisted of a train of wheels
driven by a weight, and had a vertical or verge escape-
ment with a vibrating balance, but no spring; the
balance instead of being shaped like a fly-wheel was in
the form of a T, upon the two thin projecting arms of
which concentric notches were cut. Two small regulat-
ing weights were suspended from the arms, and it was by
shifting these from notch to noteh, to or from the centre,
that the clock was made to go faster or slower asrequired.
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A description of De Wyck’s clock by Berthoud in his
¢ Histoire de la Mesure du Temps par les Horologes,”
1802, states the number of teeth in the escape wheel
or wheel of rencounter to have been 30, which must
be a mistake, as it is impossible for the pallets of a crown
wheel or verge escapement to ‘escape” with an even
number of teeth in the wheel.

As this was the general mode of construction adopted
in the fourteenth century, the pendulums found in the
old church clocks of Exeter, Peterborough, and else-
where, must have been added long after their original
construction. This was the case also with the minute
hands later on, when the ‘“works” were utilised ; and
the dials for showing the time were in many instances
added to the original clocks, where these had at first
been made to strike only.

Some of the old clocks with only an hour hand are
still in existence in this country, as that of 8t. Margaret’s,
‘Westminster ; and one of the dials of St. Paul’s clock
was described in 1844 as being the largest in this country
furnished with a minute hand.

As the train of wheels in a watch or clock is driven
by a weight falling, or by the uncoiling of a spring, it is
necessary that the power should be allowed to expend
itself only in equal quantities, otherwise the motion
given to the train would be a gradually accelerating one
in accordance with the law of gravity.

It is obvious, therefore, that unless some measure
were adopted for controlling and regulating the power,
the mechanism would speedily run down and exhaust it.

The usual method of regulating the power of the prime
mover has always been by controlling the motion of the
fastest wheel of the train : this is called the wheel of
rencounter or “escape ” wheel, because it is allowed to
escape from the controlling stops, or pallets, as they are
called, only one tooth at a time.

The earliest escapement of which we know anything
is that of De Wyck’s clock. This was the same in principle
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as the vertical escapement of the present day; that is,
it had two pallets on a staff or axis at right angles to
one another,and which by receiving the impulse alter-
nately from either side of the crown wheel into which
they worked, allowed one tooth to “‘escape” at every vibra-
tion of the balance which was attached to their axis; as
one tooth “escaped,” the opposite pallet received the im-
pulse from the next tooth on the other side of the wheel.
The balance had, however, no spiral or balance spring,
and so its vibrations must have varied in length (and in
the length of time occupied by them, as they could
not have been isochronous), according to the strength or
weakness of the impulse.

A clock having a similar escapement to the above
was exhibited in 1877 at the Special Loan Collection
of Scientific Apparatus, South Kensington. It was of
Swiss manufacture, and supposed to have been made in
the year 1348.

10. Isochronism of the Pendulum.—The discovery
of the isochronism of the pendulum is attributed to
Galileo, who observed that a chandelier swinging in
a church at Florence performed the vibrations of
the long and short arcs in the same time. It was
he who first conceived the idea of applying the
pendulum to a clock. This clock his son Vincenzo
made in 1649, but, according to the account given of
it by Galileo’s disciple Viviani to Prince Leopoldo de’
Medici, it was not by any means perfect, and it was
while engaged in perfecting it that Vincenzo died, on the
16th of May, 1649.

Huygens, the Dutch philosopher, was the first to in-
vestigate thoroughly the mathematical theory of the
pendulum. He also, along with Dr. Hooke and others,
claimed the credit of the original discovery, although,
apart from its application and from Huygens’ investiga-
tions, there does not appear to be much merit in its
mere discovery. Sir Edmund Beckett, referring to the
discovery of Galileo, says, “ When we consider the vast
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number of pendulums of various kinds swinging about
the world, it certainly is difficult to imagine that no-
body ever made that observation before the sixteenth
century.”

Huygens discovered and established the fact that the
oscillations of a pendulum, in order to be isochronous,
should describe a cycloidal curve—i.e., a curve traced
by a point in the circumference of a circle rolling upon a
straight line. And in order to compel the pendulumn bob
to travel in this curve, he invented the cycloidal cheeks
between which the spring was suspended. Although
this was thought to be a very great improvement at the
time, the idea was soon given up, it being found that
clocks constructed without the cheeks went better than
those constructed with them. The theory would be true
enough of what is called a simple pendulum—i.c., a
mathematically perfect pendulum in which there is no
weight but at the centte of oscillation—but as in prac-
tice there is no such thing, it is found that any advantages
which a pendulum so suspended may theoretically possess
over an ordinary one, are more than counterbalanced
by drawbacks in the shape of friction against the cheeks,
ete.

Bat, as to perform isochronous vibrations a pendulum
ought not to deviate from its true theoretical path (which
is a cycloidal arc), so any variation of the arc actually
described by an ordinary pendulum (which is a segment
of a circle) alters its time of oscillation.

This error, which is called the circular error (being
the difference between the time occupied by a pendulum
oscillating in a cycloidal and in a circular arc), is best
overcome, or rather prevented to a great extent, by using
a long pendulum describing small equal arcs; and, in
order that the arcs described should be kept equal,
the impulse must be equal too. This equality of im-
pulse has been best secured by the adoption in modern
clocks of what are called “ dead beat” escapements, and,
in the case of exposed clocks, of the *gravity ” escape-

-
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ment, a description of which will be found in its proper
lace. .

P As the invariable length of the pendulum is such an
important factor in the performance of the clock, it was
natural that its compensation for varying temperatures
should have been one of the first great problems early
horologists had to solve ; in fact it is a subject which has
occupied the minds of clockmakers even to the present
day.
The principle of Compensation adopted has nearly
always been the construction of the pendulum with two
or more metals of different expansibility, so arranged
that the position of the centre of oscillation shall remain
approximately unaltered.

The most successful inventions have been, for regula-
tors and house clocks, the mercurial and gridiron pen-
dulums, and for large turret clocks, the zinc and iron
cumpensation which, while being as effective as the mer-
curial, is a good deal cheaper.

11. The English Clock Trade, with the exception of
the trade in turret clocks, has never reached to any degree
of importance, and could never at any time have been
classed with our large national industries ; while of late
years the trade in house clocks may be said to have
almost entirely left us. The French have taken what
may be called the drawing-room clock trade out of our
hands, the proverbially elegant taste of that nation,
aided by a better artistic education and a more ener-
getic and intelligent application of it amongst those
interested in the manufacture, having enabled makers to
produce clocks which in quality and price have entirely
superseded the same class of English goods. English
makers, having unfortunately used no efforts to supply
obvious public requirements either in the way of
cheapness or elegance, suddenly awoke to the fact
that their trade was gone; so that with the excep-
tion of turret clocks, and of first-rate regulators and
quarter clocks, there are now only a few eight-day
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kitchen and school clocks made in England, and even
the first of these industries is hard pressed by the
cheaper importations from Holland, Belgium, Germany,
and America. The quarter clock, striking, and gene-
rally repeating the hours and quarters, is a distinctly
English production, and has never been rivalled by any
foreign-made clock in its own peculiar province, that
of a hall clock. Even in these days of low prices and
keen competition, it has generally maintained its posi-
tion, quahty, and even price, which it commands now
as much as it did fifty years ago. It is made mostly
in London by the best clockmakers, and its handsome
case and sonorous gongs render it a pleasing characteris-
tic of an English hall, It is made sometimes to chime
on gongs and sometimes on bells, and often on both, when
they can be alternated at pleasure by setting a hand
which is on the dial for this purpose; it can also be
rendered silent by moving a pin fixed at the side of
the dial. Of late years a large number of imitation
quarter and other old English clocks have been imported
from France, and sold as English-made clocks, and the
public has doubtless largely suffered by the deception.
The imitation article, however, can easily be detected in
the case of large clocks by noticing the distance from
one another of the winding squares, or of the holes in
the dial. In an English clock, in which the size of the
movement corresponds to that of the case, these winding
squares are some distance apart, but in the foreign imi-
tation they are almost always close together, the size
of the movement bearing but small proportion to the
large and showy exterior. The clocks imitated are
usually the quarter clocks and the early English clocks,
with porcelain dials and antique figuring.

Regulators or astronomical clocks are still made here,
and also exported on a small scale, and, save some
cheaper attempts at the same thing imporbed from
Austria and Germany, have no foreign rival. And it
is probable they will hold their own with the quarter
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clocks, since there is not sufficient demand for them to
make their wholesale manufacture pay.

The turret clock trade is carried on necessarily on
the factory system, and, like most large English me-
chanical work, is not likely soon to be beaten by that of
any other country.

12. The Westminster Clock.—The construction of
the great Westminster clock by the eminent scientist
and horologist, Sir Edmund Beckett, caused a revolution
in this branch of the clock trade. The design upon
which it was made, which was somewhat unfavourably
criticised at first and compared by some of the old school
of clockmakers to a mangle, is now accepted as a model
after which all the best turret clocks are fashioned with
such modifications as their respective collocations render
expedient. It was made by Mr. Dent, from plans sup-
plied by Sir E. Beckett, then Mr. Denison, in 1854, and
was fixed in the tower in 1859, since which time it
has, by its performance, given universal satisfaction and
effectually silenced all adverse criticism, its variation, as
certified by the then Astronomer Royal, Sir G. Airy, in
1872, averaging one second per week.

The French have a few turret clock factories, and
have turned out some very elaborate and some very
good clocks, but they are considerably dearer than ours.

The only other class of clocks now made in this
country are the eight-day dials. These clocks, made in
various sizes, are used for offices, kitchens, schools,
halls, &c., and are good serviceable clocks, where not
much ornament is required ; they are made both with
and without striking parts, and have the great advantage
over all foreign spring clocks of having the adjustment
of the fusee, which, in all spring clocks with short pendu-
lums, is essential to compensate for the varying force of
the spring, and without which it is impossible to get
anything like good time from them.

Nearly the whole of the rest of the market is in the
hands of the French and Americans; the French com-
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manding it for the marble, gilt, and carriage eclocks,
while the Americans have nearly their own way with
the cheapest kitchen and small bed-room timepieces and
alarums, which have almost entirely displaced the German
and Dutch ones.

Since the development of electricity as a motor it
has from time to time been applied to clocks, but hitherto
with no very successful or practical results, though its
further development may possibly lead to a system of
controlled clocks, of which we, and London especially,
are greatly in need.

The introduction of a recognised public standard of
time, either by controlled clocks or by hourly time
signals, would be a great boon both to the public and to
the makers of high-class watches. It is a want which
has long been felt, and which watchmakers have long
desired to have supplied.

CHAPTER II.

WATCHES AND CHRONOMEKTERS.

13. The Earliest Watches.—The first watches were
made at Nuremberg, about the year 1500, where the
mainspring is said to have been invented by Peter Hele,
a clockmaker of that town; they were furnished with
the verge escapement, similar to the one in De Wyck’s
clock, the want of control over which no doubt sug-
gested the idea of the fusee adjustment, which was
invented about the year 1520. Charles V. of Germany
is said to have taken great interest in the performance of
these early specimens of horological art, and to have kept
several of them going together. They appear to have
been in common use in England in the reign of Queen
Elizabeth, and are mentioned by Shakspere in “ Twelfth
Night.” But it was not until the invention of the balance

c
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spring, about the year 1660, that any rapid progress was
made in the direction of good timekeeping.

14. Hooke’s Law.—The invention of the balance
spring is assigned both to Huygens and to Dr. Robert
Hooke ; byt, notwithstanding the genius of the Dutch
clockmaker and philosopher, the merit of its applica-
tion must rest with Hooke, whose enunciation of the
theory of its isochronism in the words ¢ Ut tensio sic
vis ’—¢“ As the tension so is the force ”—showed that
he was well acquainted with its properties, although
this axiom, which is called ‘Hooke’s law,” is true only
of certain lengths of spring fixed at the ends at certain
positions. This will be considered more fully in the
chapter on the Balance Spring.

15. The Clockmakers’ Company.—The Clockmakers’
Company of London was incorporated under a charter
granted by Charles I, on the 22nd of August, 1631 ;
and David Ramsay, clockmaker to the king, was
elected the first master; but they did not get their
livery until 1767. They had the power of regulating
the watch and clock trade in, and for ten miles
round, London, and the right of entry into vessels,
shops, and warehouses for that purpose. They were a
very active and representative body, as their records

" will. show — entries being not uncommon which state

the fact of “bad” or “deceitful” watches, etc., being
broken.up—until the present century, when, Free Trade
obtaining, they relapsed into that state into which
bodies, corporate or otherwise, generally fall that have
nothing to do. However, since the formation of the City
and Guilds of London Institute for the Advancement
of Technical Education, most of the Companies have seen
the desirability of identifying themselves with the trades
from which they take their names, and the Clockmakers’
Company now offer the freedom of the Company and
a prize of £10 to the most successful competitor at the
annual Greenwich trials, and a prize of £5 to the second,
subject to certain conditions; they also grant £10 per
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annum to the Horological Institute for the purpose of
educating watchmakers, But since any one who can buy
a chronometer (that may happen to be first) and have it
in his possession for a certain length of time, can obtain
this honour and reward without being able to make any
part of the instrument, this action of the Company is
hardly sufficient to promote technical education or other-
wise to materially assist the trade. Unfortunately
they have not a hall of their own, and some years
since they handed over the valuable technical library
and objects of trade interest they possessed to the cus-
todians of the Guildhall Library and Museum, an insti-
tution which, though of the utmost utility to the general
public, is almost inaccessible to the great majority of
watch and clock makers.

16. Repeating work was invented in the year 1676,
by a clergyman named Barlow. He got Thomas Tompion,
the celebrated watchmaker of that period, who had as-
sisted Dr. Hooke in his researches, to make a watch for
him, with his repeating mechanism attached, and applied
for a patent for it; but he was opposed in his applica-
tion by Daniel Quare, a watchmaker, who, some years
later (in 1691), introduced the minute hand, and who
had been devising something in the same direction. The
matter was referred to the king (James II.), who, upon
trying the pieces submitted to him for his decision, gave
his judgment in favour of Quare. This striking work
was subsequently much improved upon by Julien Le
Roy, of Paris, who introduced a piece which prevented
the repeating part from striking until the rack was
driven home to the snail or stop, and consequently
insured its striking the hour correctly. The Knglish
repeaters were made to strike on a bell screwed into the
back of the case and surrounding the movement, and it
is to the Swiss, later on, that we owe the substitution of
springs upon which the hammers strike.

Although the repeating watch was an English inven-
tion, and the motion work made by Stogden was a further
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improvement of it, the making of the repeating motion,
or striking parts, of watches has been entirely abandoned
in this country; the branch is a long one, the work is
entirely done by hand, and is not very remunerative, and
there is not a sufficient number of repeaters made to em-
ploy many hands, so that the Swiss have it all to them-
selves, and English watchmakers are obliged of necessity
to obtain this part of the watch from Switzerland, though
the best repeaters are made up here.

17. Jewelling, and the Horizontal Escapement.—
From the latter part of the seventeenth century, the
science of horology steadily improved in this country.
Facio introduced jewelling from Geneva in the year
1700; and George Graham, an apprentice of Tompion,
invented the cylinder escapement in the same year. This
escapement, although found to be a great advance on the
verge, was soon almost discarded, owing to the rapidity
with which the brass escape wheel cut the cylinder,
which was of steel. This indeed caused the introduction
of ruby cylinders (some of which, made by Mudge and
his contemporaries, are still the admiration of our present
experts, and proofs of the manipulative skill and patience
of our early horologists), but the difficulty and expense
of making rendered them unsuitable for ordinary watches.
The Swiss, however, took the idea up, and the horizontal
escapement with a small steel escape wheel was, until
very recently, almost the only one applied to their
watches ; it is indeed generally made now, but the supe-
rior qualities of the lever are slowly asserting themselves
in that country, and are gradually driving it out of the
market.

18. Harrison’s Marine Timekeeper.—The want of a
means of discovering the longitude at sea with any
degree of certainty having long been felt amongst
maritime nations, and by England especially, which
was at that period rapidly developing her commercial
activity, an Act of Parliament was passed in the year
1714, the twelfth year of the reign of Queen Anne, con- -
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stituting certain persons commissioners for the discovery
of the longitude at sea (called afterwards the Board of
Longitude), and offering the very large sum of £20,000 for
the best means of attaining this object. This Board evi-
dently thought a good timekecper what was needed, and
offered sums of respectively £10,000, £15,000, and £20,000
for one that would determine longitude to within sixty,
forty, or thirty miles. There is no authentic record of
any horologist attempting to solve this problem, and gain
any of these rewards, until the year 1728, fourteen years
after they were offered, when John Harrison appeared in
London, and submitted plans and drawings of a marine
timekeeper to Dr. Halley, then Astronomer Royal. The
Doctor recommended him to George Graham, who saw
the merit of his plans, but, being a practical man, ad-
vised him to go home again and make his machine before
applying to the Board for any assistance.

John Harrison was the son of a carpenter, and was born
at Faulby, near Pontefract, Yorkshire, in the year 1693.
His father had brought him up to his own business, but
he was early devoted to mechanical pursuits, and had
spent much of his time in repairing clocks and watches.
He had expcrimented on pendulums, and had invented
the gridiron compensation, this invention giving him a
position in the eyes of Graham, who was himself occupied
on the same subject ; and his experiments on the effects
of temperature on various metals no doubt suggested to
him the application of the principle of compensation to
watches, in order to counterbalance the variations in rate
caused by the expansion and contraction of the balance-
spring in heat and cold.

Harrison's compensation was effected by a laminated
piece fixed to the plate at one end, and carrying curb
pins, between which the spring acted, at the other ; and
it was by the movement of these pins to or from the
stud into which the spring was pinned, lengthening or
shortening the acting portion of the spring, that the
watch was regulated, this curb acting in the same manner
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as a watch is regulated by hand. But notwithstanding
Harrison’s use of the brass and steel pieces pinned
together, his suggestion that the compensation should be
effected by the balance, and his acquaintance with Graham
and other famous English watchmakers, the honour of
constructing the first compensation balance is acknow-
ledged to belong to Julien Le Roy, the famous French
watchmaker, who also invented a mercurial compensaticn
balance.

Le Roy’s balance was made in the same manner as
Harrison’s * thermometer kerbe,” as he called it, namely,
by pinning the lamine of brass and steel, composing
the circumference, together. The first Arnold’s balances
were also pinned in this manner, and Reid speaks of
them as performing better than those that were after-
wards made solid, when Thomas Earnshaw had made an
improvement, amounting to an invention, by forming the
rim out of a solid piece by melting or fusing the brass on
to the steel.

The escapement of Harrison’s timepiece was a sort of
remontoir, very complicated and very beautiful, as may
be seen in the fourth chronometer of his construction,
now in the Royal Observatory, Greenwich, a full descrip-
tion of which is given in Vol. I. of the Horological
Journal. In the year 1735 he again came to London,
having in the seven years' interval constructed his time-
keeper ; and it seems curious that, although nearly a hun-
dred years had elapsed since the first application of the
spiral spring by Hooke, there is no record of any at-
tempt having been made to counteract its irregularities
consequent upon variations of temperature (and which
rendered timekeepers of comparatively little use for
astronomical and other scientific purposes) until this
time.

Harrison, having satisfied himself of the satisfactory
performance of his timepiece by trials on board a b
on the Humber, obtained permission in the following
year to proceed to Lisbon in one of the king’s ships. In
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this voyagze he was able to correct the reckoning to
within 1° 30’, and the Board of Longitude granted him
£500 to still further improve his timekeeper.

After constructing other chronometers with various
improvements, he was enabled to ascertain the longitude
at sea to within ten miles, one-third of the distance
required by the Act of 17]14; but it was not till the
year 1757, after much trouble and many remonstrances
with the Commissioners, that he obtained the last portion
of the £20,000 offered by Parliament, only nine years
before his death, which took place at his house in Red
Lion Square. He was buried in Hampstead churchyard,
and his tomb, which had fallen into decay, was restored
a short time ago by the Clockmakers’ Company. *

Harrison must have been a man of extraordinary
genius and perseverance, having had so many disap-
pointments to encounter. He invented the maintaining
power which rendered practicable the use of the fusee in
spring clocks and watches, without which marine chrono-
meters could never have been brought to their present
perfection. It is the most perfect adjustment of the un-
equal pull of the mainspring, and has been the great and
distinctive feature of the English watch up to the present
time,

The third chronometer of his make, together with a
facsimile of it by his apprentice, Mr. Kendall, is also
preserved at Greenwich Observatory. It is in a very
large double silver case, shaped like an old-fushioned
watch, and is of very beautiful workmanship,

19. Mudge’s Chronometer.—After Harrison had re-
ceived the last portion of the reward, another Act of
Parliament was passed, limiting any further reward to
£10,000, and also prescribing a much closer rate of
going for timekeepers, it being taken for granted that
as the attention of so many eminent men had now
been directed to this important subject, a better instru-
ment than Harrison’s would soon be produced. The
Astronomer Royal, Dr. Maskelyne, heing now appointed
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to test the instruments, Thomas Mudge (a watch-
maker who had long been preparing a timekeeper
to compete with those of Harrison) submitted one for
trial, which, after a twelve months’ test, although it did
not come within the limits prescribed by the Act, was
reported so favourably of that the Board of Longitude
granted him £500. Mudge made other and improved
chronometers, he, too, having trouble with the Commis-
sioners. But after an inquiry into the merits of his
inventions, and in opposition to the Board of Longitude,
the House of Commons made him a further grant of
£2,500. He, in 1750, invented the lever escapement,
which i, with some modifications, the same in principle
as that now in use, and is acknowledged to be the best for
pocket watches at the present day; but, owing possibly
to the difficulty of getting it well made, or to its wrong
proportions, its manufacture was abandoned in favour of
the verge and horizontal escapements, and even of the
rack lever, an inferior escapement on a similar principle,
patented by Peter Litherland, a Liverpool manufacturer,
in 1794 ; and it was not until George Savage improved
and altered it that the true value of the lever escapement
was appreciated.

20. Arnold’s Escapement.—John Arnold had, at the
same time as Mudge, a chronometer under trial at Green-
wich, which was reported to perform better than Mudge’s,
and although Arnold’s chronometer was not undergoing
the trials with a view to a Government reward (as neither
he nor his son ever placed a chronometer there with that
idea), his instrument attracted the attention of the com-
mittee whose business it was to inquire into the merits of
these timekeepers and the principle of their construction,
the result being that, from the very favourable report of
it, Mr. Arnold received at different times a sum of
£1,322 from the Board of Longitude, and his son, in
1805, received the remaining portion of a grant of
£3,000, an amount equal to that granted to Mudge.

Arnold, in 1782, patented the detached or “chrono-
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meter” escapement and the compensation balance, and
although both these inventions are claimed by the
French for Julien Le Roy, Le Roy’s idea (at all events of
the escapement) must have been very crude, and could
scarcely have amounted to much more than a suggestion.
But as the French Government had also at this time
offered large rewards for a perfect timekeeper, it is very
difficult to say how much of any invention belonged to
the person credited with it. However, the escapement
patented by Arnold in 1782 was a long way in advance
of anything that had preceded it, and was the parent,
with but little modification in principle, of the chrono-
meter of to-day. As has been mentioned, Harrison had
advised the compensation of the spring to be effected by
the balance, instead of by an application to the spring
itself, and Julien Le Roy had succeeded in making a
compensation balance. Arnold’s balance, which was a
modification of Le Roy’s, was made to compensate by
aftixing two laminated arms pinned together to the out-
side of a circular solid rim ; he afterwards made the rim
itself of these laminze.

21. The Cylindrical Spring.—To Arnold also is due
the credit of the invention of the helical, or cylindrical,
spring, the “incurvating the ends” of which, he says,
“is attended with the property of rendering all the
vibrations of equal duration, because the figure is always
similar to itself” There is no doubt that Dr. Hooke
when he applied the spiral spring to the balance of a
timekeeper perfectly understood its isochronous proper-
ties, and his law of tension might have pointed it out
to others; but, notwithstanding Harrison’s undoubted
genius, he could not have understood it, as he got his
long and short arcs of vibration equal by "the very objec-
tionable method of weighting the balance more in one
place than another, and, in explanation, he says “that
the natural tendency of ’the vibration is to go slower in
the short arcs.” Arnold evidently knew better than this,
and his detached escapement must soon have taught him
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the great importance of the isochronous properties of the
spring, which, with its cylindrical form and curved ends,
remains just as he left it ; therefore, although Harrison
is justly remembered as the  father of English chrono-
meter makers,” the principles of Arnold’s timekeepers
have been the most useful and permanent.

22. Earnshaw’s Balance. — A name always asso-
ciated with Arnold is that of his contemporary and rival,
Thomas Earnshaw, who followed up his improvements.
In the first place Earnshaw improved the balance by
melting the brass on to a disc of steel in such a way that
it could be turned down in the lathe to the proper propor-
tions, and then become a solid piece of metal, or metals,
instead of two pieces pinned together, or soldered together,
as was sometimes done ; and this balance of Earnshaw’s
is now applied to nineteen out of every twenty marine
chronometers without any alteration whatever.*

But the improvements made by Earnshaw on Arnold’s
escapement were of even more importance than his im-
provement of the balance. He was the last of what may
be termed the chronometer makers of the eighteenth
century, and his chronometer left so little room for
improvements that no further considerable sums have
been offered by Government to induce the makers to
devote their time to that object. The annual trials of
chronometers at the Royal Observatory, Greenwich, have
been continued, and the Government purchase a few of
the best of them, but, from being extremely liberal, they
have become extremely economical, and pay such prices
for those they do purchase as would not repay any work-
man for the extra time and trouble necessary to be
devoted to their preparation for such severe trials as
they are subjected to, with the prospect of selling at very

* Reid in his T'reatise on Clock and Watch Making speaks of the
balances made of separate lamins pinned together as performing
better than those made after Earnshaw’s method. It is, however,
not easy to see how this could be, and it must have been exceed-
ingly difficult to have made one of these balances anything like
true.
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little more than the market price of the article. But,
then, the title of ¢ Chronometer Maker to the Admi-
ralty” is worth money to many men who are not
chronometer makers, while it is worth nothing to many
who are, and who, therefore, refrain from troubling
themselves to invent means of overcoming the effects of
the absurd ranges of temperature through which the
instruments are now tried, ranges through which it is
utterly impossible they could be exposed in actual use.

23. Auxiliary Compensation.—As the ordi com-
pensation balance has an inherent failing in its action,
and only approximates to the action of the spring
_ through a limited range of temperatures, or, if adjusted
for extremes, fails in the mean temperatures, it was
found necessary, in order to counteract this error (which
is generally known by the somewhat misleading name of
*“middle temperature error”), to devise a secondary, or
auxiliary compensation, as it is called, and to this end
most of the efforts of chronometer makers have for many
years been directed.

The discovery of this error marks an epoch in the
history of chronometer making ; and the necessity of
correcting it by means of an auxiliary compensation,
mainly owing to the great range through which chrono-
meters are tried at Greenwich—a range which some-
times extends over more than 100° F.—has brought out
the inventive faculties of chronometer makers and others
in a truly astonishing manner. The late Mr. Charles
Frodsham, speaking of horological inventions, said that
“if every inventor would record his failures it would be
a boon to those who might be inclined to follow in his
footsteps,” but most of the so-called improvements are so
hopelessly foolish that I will only enumerate a few of
the balances that have been constructed on somewhat
sound principles by some of our best men down to the
present time. Professor Hartnup of the Liverpool Obser-
vatory (who, from his great experience of chronometers
and their rates, may be considered one of our highest
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authorities on the subject), in laying down the principles
of their construction, has given the following rule:—
“The balance-rim must be of a circular form, so that
the laminse of brass and steel may be turned down to
the requisite proportions with facility, and the compen-
sation and poising easily effected,” and, I will add, surely
maintained, as no timekeeper can perform accurately for
any length of time if the balance is of such a form as to
get out of shape, and consequently out of poise, by any
variation of temperature, or by the rough treatment
chronometers are almost sure to be subjected to on board
ship. Chronometer balances are often found to have
taken what is called a “set” after having been some
time at sea (the rim having become distorted), and the
chronometers frequently in consequence have changed
their rates. This must be owing to their being exposed
to either greater heat or greater cold than was the case
when their adjustment was effected. But, if the balance
be well made and true, and the laminse of equal thick-
ness throughout, the limbs will assume the same form,
and it will seldom be found much cut of poise, and should
the compensation not be altered by this alteration of the
circle of the balance, it is unwise to interfere with it
further than to see that the poise is not affected.

The successful employment of the simple and service-
able form of balance bequeathed to us by Earnshaw,
which is adopted in nearly all ships’ chronometers, is
mainly owing to its near approach to the conditions laid
down by Professor Hartnup. Numerous other contri-
vances (invented to overcome the error of the balance),
some of them of the most grotesque and unseemly shapes,
are mostly to be found in horological museums, or in
the lumber drawers of chronometer springers, who have
had to remove them when they were found not to
answer. Many of these have been taken from chrono-
meters which gave good results in the Greenwich trials,
but were discovered to be quite useless for the every-day
work on board ship.
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24. Improved Chronometer Balances. — The first
record we have of any attempt being made to over-
come the ‘‘middle temperature error” is that of a
chronometer maker named Hardy, who in 1804 received
a prize of £30 from the Society of Arts for an improved
chronometer balance (see p. 244). Hardy rejected the
old circular form, and adopted that shown in Fig. 47.
There appears to be no record of its performance, but
it was the forerunner of others of the same form, or
a modification of it; the original Mr. Dent evidently
took the idea of his balance from it, and improved upon
it (see p. 247). Other chronometer makers were not
idle during the years following Hardy’s invention. Moli-
neux patented a balance with an auxiliary compensation,
which the late Mr. Eiffe claimed as his invention,
and over which a good deal of discussion and bitterness
resulted. Some few months before his death Mr. Eiffe
wrote me a letter in reference to something I had said
at the Horological Institute respecting this balance, in
which he said his claim to its invention had been acknow-
ledged by the Admiralty, who had given him the sum of
£300, on the recommendation of the Astronomer Royal,
in consideration of its merits. Chronometers of both
Eiffe’'s and Molineux’s construction with this improve-
ment were tested at Greenwich, and were reported to
have given good results; but the balance in its then form
has never, for various reasons, come into use.

Loseby, a celebrated chronometer maker, about the
same time patented a modification of the mercurial com-
pensation invented by Julien Le Roy, and with his
skilful manipulation this balance gave wonderfully good
results for a series of years at the Greenwich trials. He
applied several times for a reward, sending in a list of
the rates of going of his and other chronometers, by
which he endeavoured to prove that his were the most
successful in trials extending over a period of five years.
This produced a denial from the first Mr. Dent, who
claimed the superiority for his own chronometers, and
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the diecussion was afterwards continued by Sir Edmund -
Beckett, who, with his usual acumen, had considerably
the best of the controversy. Loseby, disappointed at not
getting a reward from Government, withdrew altogether
from the trials.

Poole’s application to the ordinary balance may in
point of time next be noticed. It is of the simplest con-
struction, and, perhaps in consequence, may be reckoned
among the most successful. It has many times enabled
chronometers fitted with it to take high places at Green-
wich, and has probably been more generally adopted in
commercial chronometers than any other form of auxiliary
adjustment, if it can be called by that name, as its only
action is to oppose a slight resistance to the rim of the
balance when moving outwards in cold (see p. 250).

25. Hartnup’s Balance.—In the many opportunities
he has had of testing the chronometers sent for trial at
the Liverpool Observatory, Professor Hartnup has had
ample scope for thoroughly investigating the so-called
middle temperature error, and the necessities for, and
requirements of, an auxiliary compensation ; and he has
invented a balance which, while securing the continuity
of action of those of Hardy and Dent, kept within the con-
ditions laid down by himself and already referred to.

Mr. Kullberg modified Hartnup’s balance, and pro-
duced what is known as Kullberg’s flat-rimmed balance
(see p. 253). Chronometers with this balance have stood
first at Greenwich on several occasions, but it has not been
adopted by the trade, partly on account of the difficulty
of making and adjusting it, but principally owing to its
want of rigidity and strength to withstand rough usage.

26. Mercer's Balance.—Another compensation that
has given the best result and is about the best auxiliary
I have seen or tried is a modification of the invention
of Molineux, or Eiffe (or both as it may possibly have
been), due to Mr. Mercer (see p. 256), who, with this
balance, has won many Admiralty prizes both for him-
self and others. I have called it a modification, because
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the principle of action is the same as in Molineux’s, but
it is more of an invention than many alterations that are
called inventions. There is no difficulty in making it,
there should be little or no difficulty in applying it to any
ordinary balance, it is easily adjusted, and is very little
more liable to disarrangement than the ordinary balance.
The auxiliary pieces are fixed to the arms of the balance
with a steady pin and two screws, and the soles or platform
which support them are perfectly solid and allow them to
act with as much regularity and precision as the limbs of
the balance itself. As the error of the balance increases in
an increasing ratio with increments of temperature, this
auxiliary acts only at high temperatures, from whatever
point may be determined upon in adjusting it, the adjust-
ment being regulated by two screws fixed in the rim of the
balance coming into contact with the laminated arms of
the auxiliary and stopping their action at any fixed
point.

As the regulating power of the balance is dependent
on the distance of the moment of inertia from the centre,
and as this is proportional to the square of the radius
of the mass from that centre, it follows that the farther
out the timing nuts of a balance are drawn, the greater
will be the error of the balance through their expansion
and contraction from and to the centre, not only from the
variation in the length of the balance arm, but from their
own variation and that of the small screws which carry
them.

This error is of so much importance that it should not
be lost sight of, and in no case should these weights or
screws be drawn outwards beyond the circumference of the
compensation weights; and if, when the adjustment of the
chronometer is complete, it is found necessary to draw
them out, the two smaller screws at the side of them,
which are usually added, should be replaced by heavier
ones, and the weights screwed home to within one turn or
thereabouts ; indeed it would be a further improvement
if they were placed inside the rim, as then any expansion
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that might take place in them or their screws would be
carrying them towards the centre instead of away from it,
and would assist in diminishing the error against which
all these complications are directed.

The adjustment of marine chronometers is now effected
by means of two weights sliding on the rim of the balance.
Formerly screws, such as are still necessarily used for this
purpose in pocket watches, were sometimes used ; but. it
has been found that, where there is room, weights are pre-
ferable, as the laminz composing the rim are kept solid,
drilling and tapping holes all round it being certainly a
great evil.  Some of the old pocket chronometers have
adjusting weights on the balances, but there is no room in
watches of modern size and shape for them.

27. Compensated Watches.—No good watch is now
made without a compensation balance, but there are also
many bad ones made with them, and it has lately become
the custom to put what are called compensation balances
to the very worst of the foreign watches sold in this
country ; these balances being infinitely worse than brass
or steel ones, especially if they are cut open, as the mate-
rial of which they are composed is so soft that the least
touch puts them out of shape, and consequentlyout of poise,
so essential to the going of even the worst of watches.

Cheap watches with compensation balances should be
discouraged by both the sellers and wearers of them, and
instead of a compensation balance in such a watch being
a recommendation it should be considered as indicating
a sham, which it generally is.

Nine-tenths of the English watches that have compen-
sation balances have never been adjusted, and although
a watch with a well-made compensation balance will
generally give better results than one with a solid metal
one, there is no rule by which it can be made approxi-
mately near, and it is only by the usual testing in the
oven and in cold that the performance of any balance can
be tested ; but as the principal extra cost of compen-
sated watches is not in the balance but in the somewhat
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tedious and sometimes troublesome process of adjustin
it, this last operation is omitted, and the public (not five
per cent. of whom know anything of the matter) buy them
and find out their errors afterwards. Even if the manu-
facturer is honest enough (and he usually is) to tell the
truth in the matter, the practice of making these watches
is a bad one, as may easily be seen if the fact I have just
stated—and I think I have overstated the proportion of
adjusted watches made-—be compared with the advertise-
ments everywhere to be found of watches ¢ perfectly
compensated and adjusted for all temperatures,” to be had
at very moderate prices.

As the development of the compensation has been
identical with the development of watches and chrono-
meters, it has been necessary for me to trace it from the
earliest efforts down to the present day.

28. 8hips’ Chronometers.—If the spring of a watch
or chronometer be perfectly isochronous, the balance
should perform the vibrations in the same time, irre-
spective of the number of degrees passed through, but
as, in practice, there is no such thing as perfect iso-
chronism (although watch-springers, by dint of very
careful manipulation, may make their timekeepers ap-
proximate very nearly to that state), ships’ chronometers
are now always hung suspended in gimbals, in order that
by thus maintaining the balance pivots in a vertical posi-
tion, the side friction on them (which is much greater
than the end friction and would consequently greatly
diminish the arc) may be avoided and the arc kept more
constant. Of course this is only a help towards good time-
keeping, as the thickening of the oil, which is sure to take
place after the chronometer has been going for any length
of time, will have the effect of shortening it.

To still further promote the good performance of the
chronometer, the box in which it is suspended is placed
within a thickly-padded outer case, which maintains it at
a more uniform temperature.

29. English Watches.— The head-quarters of the

D
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English watch and chronometer trade is Clerkenwell,
the remainder of the watches (mostly of the commoner
kind) being chiefly made in Liverpool, Coventry, and
Birmingham. Since the demand for cheaper watches on
a large scale, consequent on the large number of foreign
importations, watch factories have been established at
the two latter towns.

But hitherto the attention of English watchmakers
has been directed to the improvement in the quality of
watches, rather than to their cheapness of production, and
it is greatly to be questioned whether the introduction of
the factory system, and the wholesale adoption of machi-
nery in the manufacture, would atall benefit the trade in
this country. English watches have always commanded
their price in the markets of the world, and the good name
they have ever borne has led to their imitation by foreign
producers, both by the forgery of English makers’ names
and of the English hall-marks in the cases, and by send-
ing unfinished cases here and getting them marked at the
Goldsmiths’ and the provincial halls through the agency
of case-makers and others. This hall-marking, though in
itself no trade mark, but merely a guarantee of the quality
of the metal, is found useful by foreign makers in helping
them to pass off their watches as of English make. This
is proof, if any were required, of the high value set upon
English-made watches, and of the estimation in which
they are held by foreigners. And what would become of
this esteem if, instead of continuing to maintain our high
position, we were to compete with the slop trade of Swit-
zerland or America? There are many people who will
tell us that some wretched thing in the form of a watch
“ goes well enough for them,” but is such an argument a
sufficient reason for lowering our standard of excellence ?
No! If we are to make a more marketable article in the
way of watches let us proceed in the right direction, by
organising our system of manufacture, by altering and
improving the plan of our movement (not by the elimina-
tion of the fusee, but by, amongst other things, the total
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abolition of the full plate in favour of three-quarter- and
half-plate movements), and by imparting more intelligence
and education among our workmen.

The want of technical education has kept the trade
back more than anything else. Under the old appren-
ticeship system, the pupil was usually kept running
errands and making himself generally useful for the
first year, or perhaps more, after which he was pro-
moted to the bench, when, after learning perhaps to
make pivots, a little filing, &c., he was very often left
to his own resources to pick up whatever he could.—
(An amusing anecdote was once told me by a work-
man of his early training as an apprentice. The pro-
cess of his instruction being that if the piece of work
was satisfactory which he had completed, well and good ;
nothing was said; but if not he was incontinently
“knocked off the stool” by his gentle master, but the
work, nevertheless, “went into the box.”) It was with
the empirical knowledge thus obtained that most of the
past generation of finishers and others were formed
into workmen, and it is not astonishing that the watch-
manufacture of the country has not taken a higher
rank amongst the sciences, when it is considered in
whose hands it has hitherto been left; indeed, the
surprise should be at the progress made by men who
have all along been working by what may be termed the
rule of thumb.

30. Apprentices and Pupils.— The apprenticeship
system, with its seven long years of probation, although
it still has its advocates, may be considered to all intents
and purposes dead ; and perhaps it is as well that it is so.
It is not at all suitable to modern ideas or tastes, and,
even its present advocates, who are mostly men who
have themselves endured it, whilst praising it in one
breath, condemn it in the other, by citing their own ex-
periences. Its place will no doubt be taken by schools
of instruction, such as that of the Horological Institute,
where, it is safe to assert, a pupil who is at all diligent
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Fig. 5,~The Fusee.
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Fig. 5 represents the separate parts of the fusee.
A is the bottom of the fusee cone, which is hollowed
out to receive the ratchet wheel, shown in position.
This ratchet wheel and the fusee arbor are formed in one
piece in three-quarter plate watches, and are fixed to the
cone with three screws, the heads of which are sunk in
the wheel ; the arbor goes right through the cone and
terminates in the winding square (shown at ¥); the
ratchet wheel is nearly flush with the outer edge of the
fusee brass. B is a thin steel wheel with clicks and
springs projecting from its surface that act into the teeth
of the ratchet wheel A. The use of these clicks is to
permit the fusee to turn one way when the chain is
wound on to it, and to prevent it from turning the other
way without the steel and great wheels when the chain
pulls it in that direction ; the ratchet teeth of this wheel
are cut in the contrary direction to those on the wheel at
A. D and E are back and front views of the great wheel ;
E shows the maintaining-power spring let into a groove
in the wheel, one end of which is fixed to the wheel by
a pin going through, while the other end is free to move
the distance of the slot; the pin in the free end of the
spring projects, one end into the slot shown in D and E,
and the other end into the hole in the ratchet wheel B,
thus preventing these two wheels from moving more
than the distance of the length of the slot independent
of one another. Both the wheels are fitted to move freely
on the fusee arbor and are kept in their places by the
collet shown at ¢, 1and 2, in plan and elevation, which
is fixed by a pin which passes through its pipe and the
fusee arbor. A click, called the fusee detent, pivoted
into the frame of the watch is kept in contact with the
teeth of the wheel B, by a weak spring screwed to the
pillar plate ; when the force of the mainspring (which
must always be stronger than the maintaining-power
spring) is exerted and draws the fusee in the direction of
the barrel, it will carry the steel wheel and the end of
the maintaining-power spring to the end of the slot

F
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in the great wheel ; the great wheel cannot move, from
its teeth engaging with the centre pinion, and the steel
wheel is held where the mainspring has drawn it by the
click or detent. Ifthe power of the mainspring is taken
off by winding, the maintaining-power spring will exert
sufficient force on the great whecl to keep the watch or
chronometer going for a few minutes (more or less,
according to the length of the slot in which the pin
at the end of it acts). F is the upper end of the fusee,
showing a steel cap fixed to the brass cone with two
screws, the projecting hook of which stops the winding of
the watch at the proper time, namely, when the chain is
all wound round the fusee. The barrel arbor has a square
cut on it, to which is fitted a small ratchet wheel on the
dial side of the pillar plate, and a click (screwed to the
plate fitting into the teeth of this wheel) prevents the
arbor and wheel from turning when it is screwed down ;
this click and ratchet wheel are used only for setting the
spring up sufficiently to get an adjustment of the main-
spring ; when the spring is adjusted, the click is screwed
down, and the barrel arbor remains stationary.

The fusee (Figs. 5, 6) has four-and-a-quarter turns on
it, which allows of the barrel turning three times on its
arbor, and with a great wheel of 84 and a pinion of 12 the
watch will go for thirty hours, giving six hours’ grace in the
case of irregular winding. The large end of the fusee should
have a diameter double that of the smaller, and the cone
should be slightly concave. There are some very com-
plicated formule for calculating the proper shape of the
fusee, but as the form must necessarily alter with the
number of turns of the spiral cut upon it, and as the
mainspring may be more or less taper, no rule can be
stated for this that would serve any useful purpose ; a
fusee of the form given will, however, be adjustable.
The larger end of the fusee and the barrel should be of
the same diameter as the rim of the great wheel, the
teeth projecting from the fusee about as much as does
the chain from the barrel, and both should be as large as
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possible, as the larger they are in diameter the greater
will be the power in proportion to the size of the watch.

46. Fusee Stop. —The usual stop to a fusee watch is
a straight piece of steel fitted to a stud in the top plate,
placed so that the end of it will just catch the projecting
hook of the fusee-cap when in the same plane ; it is kept
free of the hook by a weak spring underneath it until the
chain comes on the last turn of the fusee, when it presses
the stop close to the plate, and the hook catches it.

This stop is a very good one, where there is room for
it and it is well and carefully made, but in common
watches it is seldom well made, and in very flat and full-
plate watches there is not sufficient room for it, and its
failure to act is often the cause of chains breaking. A
much better stop is the solid one which is made in one
piece, since instead of the blade rising at an angle, as the
stop described does, it is raised and lowered parallel to
the plate, thus giving more freedom to the fusee hook to
pass, and, as there is no stud required, it occupies less
room. It is fixed to the plate with two screws, the space
between the screws forming the spring ; the screw at the
bend has a shoulder, and the hole in the blade fits
loosely on the plain part of the screw, the head of the
screw being just far enough from the plate to allow the
stop to rise the required height to free the fusee hook ;
the spring may be made very thin, as there is no pressure
on it. The end of the stop should be flat, or sloped a little
outwards, so that with any undue strain the hook would
press it against the plate, and it should be planted
opposite the fusee arbor, the blade forming a right angle
with the face of the fusee hook when in contact with it.
If the blade is left too long, as it often is, the hook
pushesit away, and if too short, pulls it towards the centre
of the fusee, thus frequently passing it and breaking the
chain. This stop is seldom applied, and never (where it
is most wanted) to full-plate watches. It certainly
ought to be more easily made, aad therefore cheaper,
than the common one if it were universally adopted, as it
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could be stamped out of sheet steel the required shape
and thickness.

There is another very good fusee stop, formed of a
straight piece of steel filed thin to act as a spring, with
a step or hook near the outer end that catches the fusee
hook when the chain, acting on the extreme end, presses
it down. This stop has a great advantage over the
others, inasmuch as, instead of the fusee hook pressing
on the end and pushing it towards its attachment to the
plate, it catches the stop or hook and pulls it from its
attachment ; but it can only be employed when the chain
is acting on the inside of the fusee, with a different
arrangement of the calibre, commonly called a left-
handed movement, 4.e.,, a movement where the usual
positions of the barrel and fusee are reversed. It has
been pointed out by writers on this subject (as I have
before remarked, in treating of Movements), from Mudge
to Sir E. Beckett, that the usual arrangement in English
watches is wrong, and the Swiss evidently acted upon
this knowledge, as most of their pocket chronometers
(and pocket chronometers are the only Swiss watches
possessing a fusee) have the chain on the inside of the
fusee. If the chain acts on the opposite side of the
fusee to the centre pinion, the pressure on the fusee pivots
is the sum of the force of the mainspring on the fusee
and of the great wheel on the pinion; but if the chain
acts on the same side as the pinion it will only be the
difference. The friction on the fusee pivots would there-
fore be greater in the former case than in the latter, and
it is well known that the wear is greater in the fusee
holes than in those of the rest of the train. In reference
to this, Sir E. Beckett says :—*“1 know no reason why the
common arrangement should be adhered to, except that
it is the common one, which is generally considered
reason enough for anything bad.” There is much force,
and, when applied to watchmaking, much truth in this,
otherwise the full-plate watch would not have kept its
supreme position until it has, with other matters of the
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same sort, greatly injured the English watch trade.
There are reasons, however, why this caliber has not
been adopted. The finisher had acquired from practice
great facility in running in the fusee and barrel in the
usual way ; making and adjusting the stop is more
difficult when the chain is acting inside than when out-
side the fusee, and manufacturers did not see sufficient
practical advantage in the change to make them pay
more for it. The top fusee and bottom centre wheel
holes and pivots are more liable to wear than any other
parts of the watch ; but the fusee holes are generally left
too short, and dust or damp is introduced by the key or
through the keyhole in the case; the bottom centre hole
is likewise nearly always too short, and the pivot close to
the pressure of the great wheel ; the cannon pinion also
is usually fitted so close to the plate that it draws the oil
from the centre hole. But although the centre holes are
well known to be subject to wear, they are seldom
jewelled, even in the best watches ; no good watch should
be made without jewelled centre holes.

47. Mainsprings.--—The employment of the mainspring
as a prime mover for clocks and watches, although dating
from the sixteenth century, has undergone little or no
change in the manner of its application ; its action is
unique. I know of no other mechanical combination
wherein a spring is required to maintain such sustained
and uniform resistance for so long a period, nor in
which it is expected to last so long.

As the manner in which the power is given out from
the spring is second only in importance, in the construction
of a timekeeper, to the controlling and regulating of the
vibrations of the balance by the balance spring, the
action of the mainspring requires, and has received, a
good deal of consideration from watchmakers, especially
those of France and Switzerland. In England also, when
watches were made with verge escapements, the adjust-
ment of the mainspring was considered of paramount
importance, as the time of the watch varied so much
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with that escapement with the least irregularity in the
motive force, but when the lever escapement became
universal, the English watchmaker troubled himself very
little about adjusting the mainspring.

‘When the number of revolutions the great wheel was
to make was determined (and they were generally nearly
the same), every one concerned knew the form of fusee
that would give an approximate adjustment with the aid
of the barrel ratchet, and there was never any question
or discussion as to the best manner of attaching the
spring to the barrel. Every finisher knew how to hook in
a spring in the best possible manner (and could generally
do it, as it was the first piece of work he was taught to
do as an apprentice), that is, a square hook on the spring
fitting a corresponding hole in the edge of the barrel. In
common watches these hooks were frequently made too
" large, which necessitated a large hole in the barrel, and
weakened it very much at that part, and as these
watches were gilded for show, and made soft so as to get a
surface on the gilding, if a strong spring broke in such
a barrel it would bulge it out at this weakest part, when
cither a new cover would have to be made or the old one
be hammered out. This weakening of the barrel has been
urged as a reason for adopting the foreign method of
attaching the spring to the barrel by means of a pin in
the side of the barrel and a hole in the spring, the
advocates of this method either confusing or misunder-
standing the different actions of a spring in a barrel,
where any adjustment of its strength is sought for in the
mode of its attachment to the barrel, and one actuating
a train through a fusee.

A mainspring to act with a fusee is tapered from the
outer end (the adjustment of the fusee enabling this to
be done), so that when the outer end of the spring is
fixed rigidly to the barrel, the coils of the spring when
being wound round the arbor will fall away from the
outer circumference separately, and wind and unwind on
and off the arbor without the friction produced by the
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coils rubbing one another, as they do with a straight
spring and a loose attachment at the barrel.

Notwithstanding the growing disposition amongst
modern English watchmakers to praise and adopt the
going barrel, all the old French watchmakers and writers
on the subject agreed as to the superiority of the fusee
and the tapered mainspring with a rigid attachmens
to the barrel. ’

M. Saunier, in his treatise, quotes various authors,
and enumerates experiments on this subject made by
eminent French watchmakers. He says that A. Breguet
and U. Jurgensen made marine chronometers with large
going barrels and long springs of convenient form, of
which only a few coils, selected by test, were ever called
into action. The spring used by Jurgensen in one of his
marine chronometers without a fusee, which had a
remarkably good rate, was very weak, and had a length
of 3'5 metres (115 ft.). Its (the chronometer’s) price
was very high, and the maker did not care to make
others at even that price. He says: ¢ It is essential that
great care be exercised in ascertaining the progressive
force and in the construction of such a spring, in order
that it may give a uniform pull and always keep the
several coils apart, for otherwise it is impossible to avoid
resistance caused by adhesion and clustering.” He says
again that it is difficult to apply. these long springs to
pocket chronometers, because they cannot, from want of
space, be of the requisite length and breadth ; and that
M. H. Robert has obtained a sufficient approximation to
uniformity in the force of a spring of ten or eleven turns
in his going barrel chronometers, utilising 3-5 turns from
the “ point of winding up, when the last turn was out
of contact with the barrel rim.” Considering the great
ease with which an ordinary marine chronometer main-
spring with a fusee can be perfectly adjusted, without
any chance of resistance from adhesion or clustering, it
seems strange that these men, who were so well
acquainted with the superiority of the fusee, should have
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devoted so much time to experiments with going barrel
chronometers, and it is a question whether this per-
sistence in trying to supersede the fusee adjustment in
marine chronometers has not lost this branch of the trade
to France.

Now that the introduction of keyless watches has
brought the going barrel into common use, it would be
foolish of English watchmakers to apply it only with
a grudging acquiescence, or to make no effort to improve
its construction. At the same time, it is well to remember
that a great many experiments have been made by the
French watchmakers referred to in a variety of ways, the
outcome of which seems that a spring of moderate
length set up about a turn, with something to spare, will
have an easier action in the barrel, and be freer from
adhesion and clustering than a spring of greater
length, although the longer spring may give a more
uniform pull if set up several turns. It is also worthy of
notice that all the best Swiss watches have a rigid
attachment of the mainspring to the barrel, as, although
the hook is in the barrel, and the usual oblong hole in the
spring, the attachment is made rigid by the pivoted
brace or post, which contributes greatly to the free
action of the spring, and prevents to some extent the
friction and adhesion from the coils rubbing against one
another. The Swiss, by using a differently-arranged
movement, obtain a wider mainspring than could be got
in an English movement of the same thickness, and .as
there is no room to spare in pocket watches, it is of great
importance to make use of all the barrel space available.

48. Number of Turns in the 8pring.—To prescribe a
certain number of turns of spring for a barrel would be
quite misleading, as the number of turns of the spring in
the barrel is no guide to the number of turns the barrel
will make by the winding or unwinding of the spring on
or off the arbor.

M. Saunier quotes the following theorems from a
work on mainsprings by Messrs. Rozé (father and son),
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which was published in Volume II. of the ‘ Revue
Chronometrique ” :—

(1) A mainspring in the act of uncoiling in its
barrel always gives a number of turns equal to the
difference between the number of coils in the up and
down position. He says:—¢“Thus if 17 be the number
of coils when the spring is run down, and 25 the number
when against the arbor, the number of turns in the
uncoiling will be 8, or the difference between 17 and 25.”

(2) With a given barrel spring and arbor, in order
that the number of turns may be a maximum, it is
necessary that the length of the spring be such that the
occupied part of the barrel (exclusive of that filled by
the arbor) shall be equal to the unoccupied part ; in other
words, the surface covered by the spring when up or
down must be equal to the uncovered surface of the
barrel bottom.

A good deal of stress is laid by various writers
on the necessity of a proper-sized barrel arbor ;
but if the arbor used is too small, as it often is
in fusee watches, when too thick a spring is used, the
mainspring will break at the eye, unless it is made very
soft at that part, when the only effect will be that it will
bend round the arbor, acting as a larger arbor and
reducing the acting length of the spring.

The size of arbor found to answer best, allowing of
the necessary length of spring and preventing too small
a circle at the eye, is one-third the inside diameter of the
barrel ; the arbor should be snailed, so that when the
spring is wound on to it, it will take a spiral form, and
not be distorted, as it would be by winding it on a
circular arbor.

In order to diminish the friction of the coils in a
going barrel, mainsprings have been made recently with
the outer coil curved backwards, so that the spring when
unconstrained takes a form something like the letter s,
This spring is made with a view to the better separation
of the coils upon the spring’s unwinding, as the outer
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coils will full more readily away from the inner ones
towards the edge of the barrel when the spring is bent
in this way than when it is straight or of the usual form.
It is said to be freer in the barrel, but liable to break.

49. Spring Attachments. —There have been so
many inventions for equalising the pull of the spring
by the mode of attachment to the barrel, that a
few of them may be noted, although, as already
stated, they have been all abandoned for the rigid
attachment in the best work by the Swiss, who
have had the most interest hitherto in adopting any
improvement applicable to the going barrel.  The
Americans are inventing over again and patenting some
of the obsolete French inventions. A mainspring attach-
ment attributed by M. Saunier to M. Philippe, but
claimed by a dozen others, is obtained by bending the
end of the spring backwards in the form of a hook, and
forming four nicks in the inner edge of the barrel, in
which this hook will catch and hold, unless unusual strain
is put upon the winding arbor, when the hook would
slip from the nick and catch in the next one. It is
claimed for this plan that no stop work is required, but
it is really quite useless. In the first place, the rim of
the barrel would require to be two or three times
the usual thickness to admit of the nicks, or grooves,
being cut deep enough, while the bent-over end of the
spring standing out from the side of the barrel would
take up three or four turns of spring room. Secondly,
after the spring hook had been drawn across the nicks a
few times (if it did not break before), it would not hold
in any one of them. And yet this attachment is quoted
as one of the improvements in modern watches.

Another mode of attachment, accredited by Saunier
likewise to M. Philippe, but having many other
claimants, is that of having an elastic ring sprung into
the barrel, the end of the spring proper being riveted
to it at one end, This ring fits the barrel sufficiently
tightly to resist being moved during the winding of the
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spring, but “when the spring is fully wound, and the
outer coil being pulled towards the centre of the barrel,
it will give sufficiently to prevent the spring from being
broken. This method offers attractions in the shape of
rigid attachment, getting rid of stop work, &ec., but is
open to the same objection of taking up too much space
as the previous one, the spring band being necessarily
considerably thicker than the mainspring. An improve-
ment on this invention is that of substituting a piece of
mainspring for the spring ring ; this piece is riveted on
to the end of the mainspring outside it, and running the
reverse way, or, as it were, doubled back upon it ; at the
other end it has a hole which is held by the usual pin in
the barrel ; when the spring is wound up the piece falls
towards the centre, but offers sufficient resistance to the
winding to be a substitute for a stop.

But practically there are only two modes of attach-
ing the spring to the barrel that have obtained general
approval, namely, the rigid attachment formed by the hook
in the mainspring and square hole in the barrel, and the
loose or flexible attachment of the hook in the barrel
and the hole in the end of the spring. The Swiss in all
their best watches have converted the latter attachment
into a rigid one by the use of the pivoted brace. If
there is any reason, apart from it being their ordinary
custom, for adopting this way of getting a rigid fixture
of the end of the spring, it is that the mainspring could
be more easily changed if too weak or too strong, or if
the spring were to break, than if the hook were
riveted into it, as in the latter case a new hook would
require to be made; but the hook in the spring takes
up less room, and this mode of attachment is un-
doubtedly the best.

50. Going-barrel and Stop Work. —Fig. 6, 4, is a dia-
gram of the ordinary going-barrel and “Geneva” stop
work. Its application to all the watches made out of Eng-
land, and to nearly all the keyless watches made here,
renders it familiar to every watchmaker, and any elaborate
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description of it is unnecessary ; and, as the principle of
the action of the mainspring in the barrel has already been
discussed, the only feature that need be noticed is the stop
work. The stop work shown in the figure is applied to

B A

Fig. 6.—a, Ordinary Going Barrel and Stop Work ; B, Improved Goin
! Barrel ; c, Stop Piece. ’ €

nearly all going barrel watches; but this and every form
of stop work so applied has the great defect of reducing
the height of the barrel, necessitating a narrower,
thicker, and shorter spring, and thus increasing its
liability to break. There is also the further defect of
the stop drawing away the oil from the hole and pivot to
which the stop finger is fitted, as, to save room, the
finger must be fitted close to the barrel. The Swiss
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" always fix this stop work on the barrel cover, but some
of the Lancashire movements have it on the barrel. This
arrangement is bad, for these reasons:—The barrel hole
being in the same plane as its teeth, or wheel, there is
more friction in that hole than in the hole in the cover,
and, therefore, the pivot should be as long as possible and
have oil kept to it ; the sinks turned out to receive the
stop work necessarily weaken the part of the barrel to
which it is applied, and render it more liable to be spoilt
than the unweakened part, and any injury to the cover
is easier remedied than if it occurred to the barrel. (In
the event of a barrel being damaged from this cause, it
can be rectified by turning out the bottom, snapping a
new one into the groove, similar to the one into which
the cover is snapped, and riveting over).

With a view principally to remedy these defects of
the ordinary stop work, and also to obtain an approxi-
mate adjustment of the mainspring, I devised the barrel
represented in Fig. 6, B.

Two slots are cut tangentially, as shown in the figure,
in the barrel and cover, into which the pivots on the
piece ¢ project. The piece ¢ is riveted to the end of the
spring with one rivet only, this allowing of its bearing
equally on either slot in case they are not exactly
parallel to one another, and half the thickness of the
pivots is filed away to prevent loss of spring room.
‘When the spring is wound round the arbor the pivots
traverse the slots inwards, and, when they reach the
bottom, make a strong and most effective stop.

The number of turns the spring is required to make
is regulated by the length of the slots; if they are too
long the spring will be wound up on itself, and, although
the stop will be perfect, the friction of the coils of the
spring on each other will be greatly increased (an evil
that is not always considered in the going barrel, as in
many cases the whole length of the spring is used).

This barrel has the advantage of admitting a wider
mainspring and longer pivots; there is nothing to draw
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away the oil from the holes, and there is besides a perfect
adjustment of the mainspring for nearly four turns.

51. Mainspring Making.— From somecause noteasily
explained, watch mainspring making has almost died out
in England, and T should be afraid to say how many
of the springs applied to English watches are made in
Switzerland. No country has greater facilities for draw-
ing and rolling steel than this, and most of the steel
used in Switzerland is English, yet we have allowed a lucra-
tive industry to slip away from us. ‘We have, however,
still the monopoly for marine chronometers, and of the
best hammered and tapered springs for fusee watches,
springs hammered or forged from wire being more elastic
than those cut from rolled sheet steel.

The process of making a chronometer spring is so
nearly identical with that of making a watch spring that a
description of the former will suffice for the two.

These large springs are cut from rolled sheet steel,
which must be of the best quality, with a circular
cutter ; the bench on which they are cut has an adjust-
able bar, so that the springs may be cut to any required
width. The roughness left from the cutter being taken off
the edges with a file, the strip of steel is then bound
round with binding wire, and wound up into a spiral
six or eight inches in diameter (the binding wire kee
the coils separate and the steel from scaling). It is
then heated in a close furnace, and, when at a proper
heat, dipped into melted tallow or oil ; as steel will not
all harden at the same temperature, a good deal of the
art of spring-making lies in the careful hardening.

When the spring is removed from the tallow and
the wire taken off, it is hard and very much distorted; it
is then drawn over an iron case, heated with gas until
it becomes of a deep straw colour, and in this first pro-
cess of tempering it is brought nearly straight, and soft
enough for further manipulation. It is now fixed in a
frame, somewhat resembling the frame of a large bow
saw ; this frame moves along a bench on rollers, and
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has a screw at one end for drawing the spring tight as
the heat to which it is subjected lengthens it. The
spring is again placed over the hot iron case, and
when the part at the end that is first submitted to the
heat becomes of a light blue colour, it is drawn gradu-
ally over it until it is all of the same colour and temper;
the rollers on the frame enable the operator to move it
quickly if the colour is coming too rapidly. The spring
is kept quite tight in the frame during the process of
tempering, and when it cools all the kinks have dis-
appeared, and it is quite flat and straight. It is next
fixed up in a frame similar to the last, having one end
fixed and the other adjustable, and worked smooth with
lead clams and coarse emery. After all the marks havebeen
removed, it is tapered by working the clams backwards
and forwards, beginning close to one end of the spring,
and increasing the length worked upon by an inch each
time the clams are drawn to and fro, the operator
gauging the thickness as he proceeds, and finishing with
wooden clams and fine emery.

Notwithstanding the constant gauging of the spring
during the process of tapering, the amount of tapering
and its accuracy are tested at the last by bending the
spring into .double loops from end to end, and seeing
that these loops grow gradually larger or smaller,
according to the end first téested: this testing requires
skill and judgment. When the spring is finished ‘with
the fine emery, the eye is made at the thin end, and a
small part of its length softened for bending round the
barrel arbor (if it were left as hard as the rest of the
spring, it would break by being bent into so small a
circle); it is then wound up two or three times, and if it
forms a perfect spiral, it is passed, but if any of the
coils are closer together than the rest, it is rejected, as
this shows it is not of uniform temper throughout.

Straight springs are so much easier made than
tapered ones that they can be made much cheaper, and
it can only be want of enterprise on our part the\
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prevents us from supplying other countries with main-
springs as we have formerly done, instead of importing
the greater part of what we use.

CHAPTER VIL

CHRONOMETER AND WATCH MAKING.

52. Chronometer Finishing.—The principles which
sovern the action of wheels and pinions are all that
an intelligent workman needs to understand — apart
from the practical details —in order to be able to
finish well ; but the proper application of these practical
details can only be indicated in a book, and it requires
long experience at the bench before & man becomes a
good finisher.

Chronometer finishing is only good clockmaking, but
the work is so much finer that clockmakers rarely take
to that or any other branch of chronometer making.

The barrel and fusee of the chronometer being large
work, what remains for the finisher to do to them is
usually done in a small foot-lathe, or in a hand-lathe,
or throw. The pinions are sometimes pivoted and finished
in a throw, but for the most part this work is done in
the turns, there being mo machine that will enable
one to turn an object as true as it can be turned on ite
own centres, rotated with a bow in the common turns,
especially if i be a thin-tempered arbor.

There is a little to do to the barrel when it comes
from the movement maker, namely, to smooth the pivots,
and free the barrel on the arbor and let it into the frame,
and hook in the mainspring.

53. Hooking in the 8pring.—The springs have always
been until recently fixed to the barrel, with a square
hook riveted in the spring and fitting a corresponding
hole in the barrel ; but lately the Swiss mode of a hook
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in the barrel and a hole in the spring has been adopted,
because it is easier done, and if a new mainspring is re-
quired there is no new hook to be made.

Considering the necessity for perfect adjustment of the
mainspring of a ship’s chronometer, and the trouble taken
by a good mainspring maker to taper the spring in order
that the inner coils, when being wound round the barrel
arbor, may fall away from the outer ones without friction,
the advantages of a firm attachment of its outer end
to the barrel will be at once recognised. This hook is
better than the barrel hook usually found in watches,
there being more room for it, and it being turned of the
form of the head of a screw for wood or of a button ;
but whatever its form, it is not so good as the hook in
the spring, and it takes up a portion of the spring room,
since it must project beyond the thickness of the spring
which it holds. (For making a barrel hook, sec page
89.)

54. Planting the Wheels.—After freeing the great
and maintaining-power wheels with regard to one another,
and smoothing the holes in them and the arbor, upon
which they will be found very tight, the spiral should be
cut for receiving the chain, the number of turns to be
cut on it to make the chronometer go the required number
of hours being ascertained, as directed at page 60. The
pin holes through the arbor and the collet that keeps the
maintaining-power and great wheels in their places should
be broached together, and the arbor and holes smoothed
from burrs. The wheels may be freed by either turning
a little off the face of the collet or out of the centre
of the great wheel, until they move easily with a pin
fitted in., The wheels should move easily, and yet have
no side play or shake; as if the collet is pinned on so
that they are stiff to move, the chronometer is hard to
wind, and the maintaining-power spring is prevented
from acting. The centre wheel is pivoted first: it must
be planted in the centre of the frame, and just be free of
the pillar plate. The fusee should be planted so that

(¢]
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the great wheel makes rather a deep depth with the
centre pinion, and is free of the barrel.

55. Stop and 8pring.—The stop which catches the
fusee hook when the chain is all wound on should next
be filed up and adjusted, the pin-hole through the stop
and stud being broached with the stop held close to the
plate at the point. When a pin is fitted, the back of the
stop can be filed away until it just rises sufficiently from
the plate to allow the hook to pass between its point
and the plate ; it must then be filed to length. When the
stop forms a right angle with the face of the hook, it
will be the right length, the face being radial to the
fusee centre ; the hole in the blade of the stop must be
broached a little larger than the pin, in order to allow the
stop to rise from the plate.

The stop spring must not be strong, and should only
touch the plate where it is screwed to it, and a notch is filed
in the stop near the blade to give the spring freedom. A
part of the stop where the chain presses has to be
thinned so that it may not be pressed in too soon. This
part may be roughly got by twisting the cord of a small
bow once round the smaller end of the fusee, putting the
fusee top pivot in its place, and holding the bow so that
the cord is parallel to the plate, and in the direction of
the edge of the barrel from which the chain would be
unwound. The amount of thinning it may require can
be done without putting the barrel and fusee into the
frame. When the mainspring has been adjusted, the action
of the stop can be tested, and any correction may be
made before it is finished.

56. Adjusting - rod.—The adjustingrod shown in
Fig. 7 is somewhat different from the ordinary one used
by finishers for testing the pull of mainsprings, &c. In
addition to the sliding weight, the jaws which grip the
squares can also be shifted, being fixed at any required
distance along the rod by means of a thumb-screw at the
back. This enables it to be used for almost any spring,
from the weakest to the strongest.
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After adjusting the mainspring, the adjusting-rod
should be put on the fusee square before the weight is
shifted, and the great wheel held in the band in such a
position that the weight will draw the pin in the
maintaining spring to the other end of the slot in the
wheel through which it projects. If the weight of the
rod does not draw the pin forward, the maintaining-

=T I -
Fig. 7.—Adjusting-rod.

power spring is too strong, and must be weakened ; the
mainspring must be strong enough to draw the main-
taining power spring as far as the slot will let it go when
the power of the spring is pulling on the fusee. A brass
cap is let on to the fusee square, to keep dirt from getting
into the hole when the piece is wound, and a pipe is
generally screwed on to the plate round the winding
square, and let through the bottom of the brass box, to
keep dirt and damp from the chronometer.

57. Finishing the Wheels and Pinions.—The pillar
plate has a circle cut out, and a bar screwed over it on
the dial side to receive the bottom and seconds pivots of
the third and fourth wheels; this arrangement enables
the third wheel to be run under the centre wheel, and
prevents the seconds pivot from being too long. The
fourth pinion must be pivoted close to the bar, and must
have a deep hollow cut in its face, to prevent the oil
from being drawn from the pivot; the third wheel must
be kept free of the centre wheel, and the pinion must
have a hollow cut in its back or rivet, as must also the
centre pinion.

All the wheels have to be polished. If they are true
on the sides, they are first stoned with a smooth Water-
of-Ayr stone on a cork until they are quite flat, and then
placed in the turns and polished circularly with an ivory
polisher, and a paste made by rubbing two pieces of
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blue-stone together with a very little oil, and finished
with a slip of boxwood and a few rubs with a piece of
willow at the last ; if the willow is used for too longa
time, the arms of the wheels will be rounded.

Although polishing the wheels is the usual way of
finishing them, stoning them very flat and smooth and
electro-gilding them will give them a much nicer appear-
ance, and keep the brass from tarnishing.

The pinions and arbors are highly polished; some
finishers burnish the arbors, but a high polish can be got
very quickly with a zinc polisher and diamantine.

The faces of the third and fourth pinions are finished
with the ordinary facing tool, but as the large pivot on
the centre arbor precludes the use of such a tool, it is
fuced square down to the arbor ; the pinion is placed in
the turns, and small turns that fit into the rest holder
carry a roller mounted on an arbor; this roller is brought
to bear against the face of the pinion, and the pinion is
rotated backwards and forwards with a bow. The roller
first used is steel, to bring up the face flat and square,
after which soft metal rollers are used for finishing.

58, Jewelling, — The third and fourth holes are
usually jewelled, although some makers object to jewel
these holes, as the pivots are apt to become black ; but
if jewelling is indispensable in the escapement holes, it is
also necessary here, and if the holes are good and well
made the pivots will not wear.

The fourth wheel hole in the upper plate should be
jewelled with an endstone, although it is seldom done,
as a pivot of equal size is stronger if conical than one
with a square shoulder, and the pivot will run with less
friction on the end than on its shoulder. The oil also
keeps better in a covered hole.

59. Spotting the Plates.—The spotting of the plates
is a branch in itself ; it is done in an engine resembling
a wheel-cutting engine; after the plates are polished with
rotten-stone, the plate or piece that is to be spotted being
fixed to the dividing plate, a small hollow ivory point
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charged with oil-stone dust or emery and oil is attached
to a jambed arm. This point is brought into contact with
the plate while it is rotating, the plate being shifted
after each spot, and circular or geomwetrical patterns
marked on it as arranged on the dividing plate. The steel
work and the screws are blued, but it is not thought safe to
harden the large screws, since, if a screw head broke off
and stopped the chronometer, the result might be serious,

60. Watch-finishing.—The various operations that
have hitherto been combined under the name of watch-
finishing I have to some extent treated of separately, for
I think that, if ever watchmaking resume its former pro-
portions in England, some more economical and rational
system must be pursued in manufacturing than that
now in vogue. No better way could be devised of
making a young man a thoroughly practical watch-
maker than by apprenticing him to a finisher first,
and afterwards to an escapement-maker. But the time
occupied in waiting for work that must be done by
others—such as jewelling, engraving, gilding, &c.—
the diversity of the work—from pivoting and planting the
barrel and fusee, to making and planting the stud and
index, &c.—and the tools and appliances necessary to
enable one man to do these things in the best manner,
are 8o considerable that it has not been possible for even
the most competent workman to obtain sufficient
remuneration for the time and labour expended on the
best work ; while men with less ability and principle
have had a constant temptation to shirk such parts of
the work as were most troublesome to them, or in which
bad workmanship was more ditticult to detect. The
practice hitherto has been for the finisher to take the
movement after the dial and escapement were made, and
to return it to the manufacturer gilt, proceeding in the
following manner :—

61. Testing the Wheels.—The first work is to get
the wheels ready for gilding, and it frequently happens,
in movements that are not of the best quality, that they
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require to be thinned ; in that case they should be placed
in the frame and the space for them noted. I have often
found finishers thinning wheels from habit when there
was no occasion for their doing so.

The pinion arbors must be shortened and the pinions
and wheels got true ; the wheels mustbe made perfectly true
on the sides, square and flat (first on a cork with a piece of
Water-of-Ayr stone and afterwards rubbed circularly in
the turns) ; and hollows must be cut in the wheels to per-
mit of the rivets of the pinions being polished without
touching them when they are gilt. It is somelimes better
to make the lower pivot on the centre wheel arbor before
the wheels are gilt, as then the barrel and fusee can be
worked into their places.

62. Running in the Wheels.—The centre pinion
has an arbor fitted into it projecting at each end,
far enough to put a ferrule on it; a deep hollow is
cut in the back of the pinion, and the pivot made as
close to the wheel as possible. The hole in the plate
should be well chamfered and a turned stopping of
good brass put into it, the stopping being allowed
to project on the dial side of the plate; the centre
wheel should always be kept a little below the plane of
the plate, to give it sufficient freedom from the barrel
and great wheel ; the fusee and balance being put into the
frame, it will be seen if there is sufficient freedom
between them. If the balance is a plain one, and is quite
free of the fusee brass, the chain will be free also,
but a compensation balance should have more room
allowed it, as the rim may be bent after it is cut by
careless handling; if the movement is right in this respect,
the fusee can be pivoted and planted. The barrel hole in
the pillar plate need not be stopped if the barrel is a
proper height in the frame, and a sufficient distance
from the third wheel arbor and the great wheel. The
upper fusee pivot should be as long as possible. Move-
ment makers do not leave it long, as it is a common
practice to cut und polish a hollow in the fusee arbor ;
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but there is not space for this with a long pivot, as there
is a hollow cut in the reverse side of this shoulder in the
ratchet wheel to admit the short projecting pipe of the
great wheel. Since, then, there is not thickness enough for
a hollow on both sides and space for a long pivot, it is
much better to leave the shoulder square and turn the
fusee piece sloping from the hole to inake the bearing
light, or take a large corner off the shoulder, polishing
the slant, giving the required bearing, as with other
square pivots. It is customary to polish the inner and
outer edges of the fusee cap before gnailing it. The inside
edge, after being turned to the required angle, is polished
with a tool, similar in principle to an ordinary pinion
facing tool, but turned or filed to fit the angle or edge
of the cap ; the outer edge is more difficult to do; it is
always polished, even in common watches, but there is
no reason why it should be, as it is not always orna-
mental. The outer edge being sloped off in the turns till
its edge comes to the plane of the top part of the brass
cone, is polished with a broad polisher, one side of which
resting on the brass, enables the edge of the cap to
be polished quite flat; the back of the hook is filed to a
corresponding edge and polished on a cork. Some
finishers take out the arbor and polish it all upon a
cork.

The pin-hole in the collet and arbor should be
broached until it is sound with the fusee together, and,
if the wheel and collet are too thin to bear reducing to
give the necessary freedom, a piece of tissue paper
placed between them while the hole is broached will
ensure it. This freedom of the great wheel is a point
generally neglected, and is of much more importance
than the polishing of the edges of the cap.

63. The Top Plate.—The depth of the great wheel
and centre pinion being determined and marked, and the
stopping for the fusee hole put in, the t)p plate should
be turned out for the fusee piece in the following
manner :(—



88 WATCH AND CLOCK MAKING [Chap. VII.

Place the pillar plate in the mandrel with the centre
in the fusee hole, and peg the hole (pegging the hole is
the only. method by which a perfect upright can be
obtained in the mandrel, and is the usual way of getting
it). Take a long peg and cut a fine point to it, and,
withdrawing the mandrel centre, place the point of the
peg loosely in the hole. Then by bringing the turning
rest up to about an inch from the plate, level with the
hole, resting the body of the peg on it, and gently
turning the mandrel, it can be seen whether the hole is in
the centre exactly ; if it is not, the end of the peg pro-
jecting over the rest will move up and down, when the
dogs must be slightly loosened, and the plate tapped
gently until the hole is in the centre.

‘When the hole is right, tighten the dogs, screw on
the top plate, and turn out the place for the fusee piece.
An exactly similar course must be followed in putting in
the holes in the top plate for the centre wheel and
barrel ; but the upright of the centre wheel is of so much
importance that a hollow stopping should be put in, and
the inside of the hole turned out with a fine cutter in
the slide rest of the mandrel, to nearly the size of the
pivot. It may not be requisite with a good mandrel to
peg the hole before turning out the place for the fusee
piece, but it is quite necessary to do so when turning
out the pivot hole in the piece itself.

64. The Barrel Arbor.—If the pivots of the barrel
arbor are the proper shape (which they generally
are now in the best movements, and certainly ought
to be), the pivots and holes will only require smooth-
ing, and the barrel freeing on the arbor. Instead
of adopting the usual course of turning away the bosses
in the barrel and cover to reduce the rubbing surfaces,
a deep hollow should be turned, and a shoulder formed
on each side of the arbor of a sufficient width, and the
bosses should be left on the brass as large as possible.
It has not been the practice to snail the barrel arbors
of fusee watches, as there was no trouble with the adjust-
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ment of the mainspring, English springs heing tapered
and generally filed thin at the eye, but the arbors
should be snailed (and they probahly will be now by the
movement maker), and the hook should not project
beyond the thickness of the spring.

65. Hooking in the Spring.—A spring of the pro-
per length and strength being fitted to the barrel, it
should be hooked in as follows :—With the spring in the
barrel, drill a small hole in the barrel a little nearer to
the bottom than to the cover, so that it may be in the
centre of the inside of the rim, and within half-an-inch
of the end of the spring; the drill will mark the spring.
Remove the spring from the barrel, and broach the hole
to nearly the size it is intended to leave it at an angle
of 45° ; file this hole with a small square file, having a safe
edge, until it is oblong, and, when it is of the required size,
finish it with a drift. If the hole is in the middle and
has not been drawn to either side of the barrel by filing
it, the end of the spring can be softened, as far only as the
hole for the hook, until it is a light blue colour, but it
should not be made softer; the hole is drilled by
gripping the spring against a piece of wood or brass in
& small hand-vice.

The hook should never exceed one-third the width
of the spring, a larger hook unnecessarily weakening the
barrel and holding no better. A piece of rectangular
steel is fitted to the hole in the barrel, and a mark is
scored on it with a sharp point along the inside of the
barrel. This mark will give the angle at which the
shoulder should be made ; if the angle is less than 45°,
the hook will probably draw out if the spring is fully
wound round the arbor. The pivot on the hook is often
made by filing, but it is much better and quicker to
make it with a cutter. As the strain comes on the back
of the hook, the pivot should be kept as near the front as
possible. The cutter is a piece of steel with a hole
drilled in it and fine teeth cut on its face ; it may either
be a piece of wire with a ferrule on it, or it may be fitted
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to a drill stock. In the latter case the hole should be
broached from the back to enable the cutter to free
itself, but as the pivot need not be long, this is not
imperative ; the cutter should be slightly convex on the
face to ensure a firm seat for the hook when riveted. A
point or centre being left on the steel which is to form
the hook, a few strokes of the bow will form the pivot,
and the angle of the hook when the pivot is made should
correspond with that of the hole in the barrel. The pivot
is fitted by broaching and chamfering the hole in the
‘spring, and riveted by gripping the steel in a blunt pair
of nippers and screwing them up in a vice; the rivet
should be left long, and made with a few strokes of a
rather heavy hammer. There is a good deal of strain on
this hook, and for that reason the attempt (generally a
failure) at using a hook a second time should never be
made.

About three-eighths of an inch of the spring should be
left beyond the hook, and this end must be filed away to
a knife edge, the thinning to commence at the hook. If
the spring is left the full thickness at the end and an
unusual strain is put upon it, it will break across the
hole where it is weakest, or the hook will draw out.
Most watch jobbers know this, and generally make the
end of the spring so soft that it bends, and all the
advantage of a rigid attachment is lost.

If the spring is fitted to a new barrel, the hook can
be filed down from the outside of the barrel, and finished
on an arbor in the turns; if, however, the barrel is gilt
or polished, the hook must be finished before it is finally
put into the barrel ; it is brought to height by trying it
in the hole from the outside, and filed down and finished
on a cork; the hook must not project beyond the barrel.
If there is any difficulty found in getting the height of
the hook by trying it from the outside, the thickness of
the rim and mainspring can be measured separately by
a douziéme gauge; the thickness of the two together
will be the thickness of the mainspring and hook. This
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is the best way of hooking in the mainspring of a
fusee watch, but there are various reasons for depart-
ing from it in going barrel watches, one of the principal
being that a flexible attachment of the spring to the
barrel to some extent affords an adjustment; the pull ot
the inner coils is not affected by the attachment, but,
when the outer coil is called into action, it falls away
from the barrel with less resistance when the attachment
is flexible than when it is rigid. To satisfy myself of
this, I made the following experiment, which I think
conclusively proves my assertion to be correct. Having
carefully adjusted the mainspring of a * two-day ” marine
chronometer which had a hook in the barrel, I removed
the hook in the barrel and substituted the square hook
in the spring. TUpon again trying the adjustment,
I found that to obtain an adjustment the spring had to
be set up considerably more than it was before, and the
weight of the adjusting rod altered, as the pull of the
spring was greater throughout.

Again, there is greater uncertainty in fitting a spring
of the proper strength to a going barrel than there is to
a barrel with the fusee, in consequence of the inequality
of the arcs of vibration of the balance during the un-
winding of the spring of the former ; for if the balance
vibrates over a turn when the watch is nearly down, it
will be liable to bank with the least external motion
when fully wound, especially if the lever escapement be
a good one; and it is much less convenient to change a
spring with a hook in it, than one that has only a square
hole punched out of the end.

As the springs are now nearly always fixed in going
barrels with a steel hook in the barrel, some system
should be observed in making them. In English
watches the greater part of the mainspring is brought
into action, and, as no pivoted brace is used, the hooks
must be made more secure, otherwise the spring will
either slip off or pull the hook with it.

If a small screw plate is made with two or three
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holes of the sizes required, drilled and tapped at an
angle of 45°, the pin or hook can be tapped, and the end
of the screw filed up into a hook of the required
form, and to the proper height; or it can be
tapped in an ordinary screw plate, and afterwards
screwed into the slanting hole and finished, but it is
necessary first to screw the pin into the barrel, and mark
for the inside of the hook close to the rim, so that, when
the hook is in the right position, the screw part of it
will be flush with the inside of the barrel and quite
tight.

€ If this hook is properly formed and at a sufficient
angle, the spring will not draw off, even if it be left very
little higher than the thickness of the spring ; the end of
the spring in this case is made softer than if it had a
rigid attachment. The hole should be oblong and
perfectly square at the outer end, bevelled off from the
inside to take a good hold of the hook, and there must
not be any length of spring left beyond the hole but
what is required for strength, as, if there is, it acts as a
lever and pushes the spring off the hook, even if thinned.
On the other hand, if a round hole be made in the spring,
the strain draws the middle of the outer circumference
of the hole to that of the hook, and unless the two
correspond or are exactly in the middle of the rim, the
spring will press either the cover or the bottom of the
barrel, and add considerably to the jerking action of the
spring, so familiar to watchmakers in the winding and
unwinding.

Another, and better, although more difficult way of
hooking in the spring is to screw the hook in from the
inside of the barrel. . The chief trouble attached to this
method is in getting the hook square to the barrel rim
when screwed home to the shoulder ; it must be tried first
and marked for the square, a little being allowed for it
at the last to be screwed home very tight, as in marking
for dog screws. In addition to the other reasons for
not hooking in the spring as in fusee watches, the
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extra width of the great wheel teeth attached to the
barrel has to be considered, which would necessitate in most
cases this hook being placed at one side of the spring
instead of in the centre of it.

66. Adjusting the Chain.—When the spring has
been hooked in, the fusee piece made and planted, and
the fusee and barrel run in, the chain should be
attached and the stop work filed up and adjusted.
Care must be taken that the hole in the barrel for the
chain-hook be placed so that the chain will be just free
of the plane of the top plate; the hole may be drilled
anywhere in the barrel, provided a little is filed out of
the cover to free the end of the hook should it project
into the sink, which it generally does. If the chain is
too far from the plate, the second turn will probably ride
on the top of the first, hence the necessity of keeping
it a8 close to the plate as possible, and to avoid this
riding of the chain it must not be left too long. The
barrel hook should come to the outer edge of the top
plate when the chain is wound up.

The hollow in the stop may be filed out to nearly its
proper thinness (see chronometer finishing, page 82),
but in no case should this process be considered sufficient.

If watch finishers, or even examiners, had thoroughly
" understood the uses of the adjusting rod and freely used
it, half the faults that have been found with the fusee
watch would have been avoided. It is not_ that the
actual adjustment of the mainspring is of such import-
ance at this stage, but, with the fusee and barrel only
in the frame, any fault that may afterwards give trouble
can be seen and removed. If the chain does not lie
square on its edge on the barrel, it should not be used,
as no filing will make it do so; it ought to lead freely
into the grooves of the fusee, and not touch the stop the
turn before the final one, and, when it does touch it, it
should bring it close to the top plate as the hook of the
fusee cap comes to it ; at all other times the stop should
be quite free of the hook, and not rise high enough for
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the end of it to come in contact with the chain on the
fusee.

If the sinks for the barrel and fusee in the top plate
are turned deep, it is sometimes difficult to prevent the
chain from riding on the barrel hook ; to avoid this,
accordingly these sinks must not be turned too deep. Too
much endshake to the barrel or fusee will also cause
this to occur, and the stop to act improperly, therefore
there should be only just freedom before gilding.

The detent should be pivoted without endshake,
ratcheting in the steel wheel and just free of the great
wheel teeth.

67. Pivoting. — When the wheels are gilt, the
pinion leaves are polished out with a piece of hard
wood and red stuff, as the gilding discolours them.
The centre wheel, having already the hole in the
pillar plate, should have the top pivot made below
the top plate and a stopping put into the plate to
meet the shoulder; by so doing, a longer pivot is got,
and the square for setting the hands can be sunk
in the plate. This is more necessary in a keyless watch,
the case coming so close to the plate that scarcely any
square can be left ; in some cases, no square is left, and
the piece that carries the cannon pinion has to be pushed
out to remove the pinion. If the centre pinion is too
long, it occasionally comes in contact with the steel
wheel of the fusee; in that case the pinion should be
shortened before the top pivot is made.

As the pivot holes in the bar for the third and fourth
wheels are generally jewelled, the bar need not be very
thick, and should be reduced from the inside to get as
much room for the wheels as possible. The fourth wheel
pinion must be shortened until the wheel rests on the
pillar plate, and the pinions, having previously been
polished, may be pivoted; the fourth wheel should have
the freedom divided between the plate and the escape
wheel, a deep hollow being first cut in the face of the
pinion, as the arbor beyond the pinion is so short, that
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without this hollow the pinion would draw the oil from
the pivot hole. If there is much freedom in the sink for
the third wheel, the back shoulder of the arbor may
be left longer, as it is only necessary to keep the third
wheel free of the centre wheel. The pivots of the third
wheel should be of equal thickness; the seconds pivot
of the fourth should be thicker than the top pivot, and
if it is made straight, should have the end tapered after-
wards, a8 it is not possible to fit a hand on it otherwise
that will not get loose in a very short time. Muaking
nice pivots has always been what the workman was
most proud of, and, as it is only after much practice
that a large square shoulder can be made, these shoulders
have often been left too large because it was thought
they looked handsome, and when pivots were often made
small to prevent friction, the shoulders were left large
enough to cause three times the loss of power that even
the largest pivots would have done. If the holes are
jewelled, the pivot shoulders can hardly be made too small;
for, although the jewel holes are sometimes sloped off to
prevent the adhesion caused by the contact of the flat
surfaces, the precaution is of little use if the oil becomes
thick, as the oil adheres to the rounded face of the hole
much in the same way as if it were flat.

‘When the fourth pinion is pivoted and ready for
running in, the depth with the escape pinion can be got
in the depthing tool, and marked on the dial side of the
bar; this depth must be taken from the escape wheel
jewel hole with the endstone off. 'When the score is
made on the bar the dial should be put on and the
seconds hole marked so that the seconds pivot may
come in the centre of the hole, or as near to it as pos-
sible. Some finishers put in the bottom holes only;
but it is not possible to be quite sure of the correctness
of a depth until the wheels are run into the frame;
therefore a hole should be put in the top plate for the
fourth upper pivot, and the depths and the heighte
be verified.
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The third wheel depths are pitched last, that with
the fourth pinion being ascertained and marked first, and
afterwards that of the third pinion with the centre wheel.

68. Motion Work.—The branch of watchmaking called
motion making has all but disappeared, and the greatest
advocates of division of labour will scarcely regret it. It
was the old custom to have the motion work—i.e., the
cannon pinion, minute and hour wheels, and set-hand
piece—partly made and the wheels planted, before the
watch was finished or the centre wheel run in. These
wheels, &c., were usually inferior to the wheels in the rest
of the watch, and the principle was bad, as there were
always more leaves in the pinion of the minute wheel
than there were in the cannon pinion. The finisher is
now, however, or ought to be, supplied with the motion
wheels, and when the centre wheel is planted, a proper
depth can be made with the cannon pinion and the
minute wheel. The stopping for the centre wheel is left
projecting and should now be turned in the mandrel into
a pipe; the pivot should project well through the hole,
and the cannon pinion, having a greater number of
leaves than the minute wheel pinion, will be large
enough to have a square sink turned out of its face, to
free the pipe left projecting. This is the finisher’s work,
and can only be well done at this stage, as leaving it for
the examiner to do after the pinion is polished and the
frame gilt, is doing the work twice over and doing it
badly.

The minute wheel depth with the cannon pinion
should be as deep as is consistent with perfect freedom,
as should also that of the hour wheel and minute wheel
pinion, in order to prevent the hour hand from having
too much shake.

As there is seldom height enough for the minute
wheel stud to have a shoulder—which it should have
where practicable—the plate should not be turned, but a
small boss be left on the bottom of the wheel to prevent
all of it from touching the plate.



Chap. VIL.] CHRONOMETER AND WATCH MAKING. 97

The hour wheel should be broached to the required
size, and the cannon pinion fitted to it before the wheel
is got true on the sides and finished, as, if the wheel is
opened to fit the pinion, it fits badly and it is scarcely

ible to keep it true. The body of the cannon pinion
i8 usually left too large, necessitating a large centre to
the hour hand. This is unsightly, and has been com-
plained of as causing a want of symmetry in the appear-
ance of English watches. The minute wheel stud and
pinion, and the boss of the hour wheel should be freed
from the dial before they are finished, for nothing could
be worse than the prevailing practice of thinning and
finishing the motion wheels before they are let into
their places, and leaving the freeing and fitting to be
done afterwards.

‘When the third and fourth wheels have been pivoted,
before sending the frame to be jewelled, a circle, the size
of the balance, should be marked on the top plate, as a
guide to the jeweller, as in case the balance comes near the
fourth hole, the jewelling must be kept small; otherwise,
in turning the edge of the plate to free the balunce, the
setting will be cut into. It is sometimes better to pivot
the fourth pinion a good way into the plate, and obtain
freedom for the balance, by running it under the jewel
hole. All this is of course avoided in a movement of
& correct caliber, or in a half-plate movement where the
fourth wheel is run in a cock under the balance, this
arrangement securing the advantage of permitting the
fourth wheel being planted 8o that a larger seconds piece
could be got in the dial. Since, in this case the hole in the
cock is directly under the balance, it should have an
endstone, to prevent particles or small hairs that may be
attracted by the oil in the hole from coming in contact
with the balance; when the endstone is used, the pivot
.should be conical, and may therefore be made smaller;
but I see no reason why this hole should not always have
an endstone where there is room for it.

69. Screws.—A finisher must feel that he is not

H
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making the best use of his time in polishing and blueing
screws ; they are, consequently, very badly done (a lad or
girl accustomed to the work would do them better and
much quicker). There is, besides, seldom as much care
taken in hardening and tempering them as there should be ;
the screws are made too hot before hardening, and a scale
brought on the steel that is not always removed before
blueing them ; in the case of jewel screws, the scale thus
left on thein is frequently fatal to the taps in the holes.
The large screws should be hardened in a small copper box,
or in anything that is not large and heavy and will not pre-
vent them from cooling quickly, and that will exclude the
air. If they are hardened at the right temperature, there
will be no scale on them and no necessity for polishing
the taps ; the temper should be drawn in oil. The jewel
screws are too small for this treatment; if a piece of
brass wire is hammered flat and left the thickness of the
length of the screw taps, and a number of holes be
drilled and tapped in it as close together as the heads of the
screws will permit, half a dozen of them can be screwed
into the wire and hardened at the same time, and after-
wards tempered by blazing in oil before removing them
from the wire; and, if the threads have been covered during
the process of hardening, they will be quite free from scale
and the screws be ready for polishing. If any scale is left
on the large ncrews it should be removed by gripping the
screw head in the Swiss screw tool, and running a thin
screw head-slitting file through the bottom of the thread.
A very good way of polishing the taps of screws for best
work, is to split a piece of soft wood, making it into claws,
charge the slit with red stuff, and by placing the screw in
it and pressing it together in the vice, the screw can be
polished very quickly by working it backwards and for-
wards with a screw-driver.

70. Buggestions as to Finishing. —I think at
this stage the finisher’'s work should be completed,
and that making and planting the stud and index,
springing and examining, and whatever else remains
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to be done to the watch, should constitute a separate
branch of watchmaking. It would form an intelligible
and consistent branch, would not be too long, and time
would not be lost, a8 it is with the finisher, in waiting
for the engraving and gilding of one watch at a time.
This arrangement would also do away with the trouble and
annoyance caused to the springer when he finds the room
prescribed for the spring too much or too little, the
index pins drilled in the wrong place, and the hole in the
stud in such a position that it must be broached (and
to broach it now he must soften it, or adopt some more
objectionable means of getting the stud hole for the spring
concentric with the curb pins). Index making is already
a separate branch, and studs are shaped and made ready
for planting by what may be termed machinery, but
even should the examiner, or whatever name the operator
may go by, prefer making them himself, there would be
a great saving in making a dozen or more at a time, and
keeping them, ready for planting, as is now done by
some springers of the best watches ; and making, or at
least finishing, the index would be, logically, part of the
springer’s work.

If the wheels were run in and finished, the barrel and
fusee work completed, and the stop work and maintaining-
power spring and detent done correctly at once, they
would not require to be done over again; and if the
motion work were planted and finished and free of the
dial, there would be little of the ordinary examining to
do, so that fitting the watch in the case, fitting the hands,
the stud and index work, and springing and examining,
would form an important branch of watchmaking. The
practice and experience gained would enable the work-
man to do the work very much better than it has been
done under the system hitherto practised, and to do it
quicker and consequently cheaper. The watch could be
sprung and examined before it was gilt, and the index,
stud, &c., finished while the engraving and gilding were
being done. There is an obvious advantage in examining
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the watch before it is gilt, as gilding has the effect
of covering many defects of workmanship, and the great-
est advantage this system would have over the usual
one would be that of having one person responsible for
the correctness of the work throughout.

71. Applying the balance Spring.—But as I am
not very sanguine that this suggestion will be imme-
diately adopted or acted upon, I will proceed to
describe what I consider the best method of applying
the ordinary spring. The size of the spring is the first
consideration, and this should not be left to accident ;
it should depend on the length required, which depends
in its turn on the closeness of the coils of the spring.
As a general rule, half the diameter of the balance is
a good size for the spring, but if the coils are very close,
it should be a little less.

If the diameter is marked on the projecting ear of
the balance cock that carries the stud, and a notch is cut
in it for the spur of the stud, three-fourths of it outside
the mark, the spur may be fitted. It should be carefully
fitted, without shake, and exactly opposite the balance
hole ; if it is either too far back or too far forward, the
hole for the spring will stand at an angle across it. The
stud may be fixed with either a conical or square-headed
screw, and it should be cut away to allow of its removal
from the cock without taking the screw out, and the
screw should be left long enough to permit of this
being done easily.

‘When the stud is screwed into its place, and the end
of the spur freed from the arms of the balance, the
circle fixing the size of the spring can be marked on it.
If the spring collet has been made by the escapement-
maker, as it should be, a pivot broach can be put into
the hole in it for the spring, and the broach, lying
parallel to the balance cock, will indicate the height on
the spur where the hole must be drilled ; the hole should
be drilled with a small drill. As the spring is not
circular but spiral, the holes for the curb pins must be
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drilled inside the circle drawn for the hole in the stud,
but how much, depends on the closeness of the coils of
the spring, since the farther apart the coils are the more
the spirals diverge from the circle, and care should be
taken not to place the curb pins too far out, which is
often the case, and is a much worse fuult than having
them too near the centre.

‘When the hole in the stud is drilled and broached
tangential to the spring, if the depthing tool is adjusted
so that the point of the centre will mark the inside edge
of the hole, and a mark is made on the index at the same
distance, the curb pins can be drilled on each side of this
mark.

A surer way than this, although giving a little more
trouble at first, is to pin a spring in the stud, first
moving the spring through the stud hole until the proper
size of the spring is indicated by its centre coming over
the balance hole ; it will be seen if the stud hole is in
the right direction, and if not, it can be broached until
it is so at this stage with perfect accuracy.

When the eye of the spring is concentric with the
balance hole, if the index is placed in the middle of the
balance cock, a mark can be made with a very fine point
o2 each side of the outer coil of the spring for the index
pins. These should be very small, especially the inside
one, and, if the spring has close coils, a portion of its
thickness should be filed away, to free the second coil
of the spring; bending the spring for this purpose
should not be resorted to if it can be avoided. The pins
should be close together, allowing the spring freedom,
but as little play as possible, and only just free of the
balance arms to prevent the second coil of the spring
from getting between them.

The horn of the index should be at such angle that,
when the index is pushed over to “slow,” it will come
close to the stud, as the shorter the spring is between the
stud and the index pins, the better the watch will go.
If the spring is to be a Breguet, the overcoil will be a
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segment of a circle, and the pin holes can be marked for
with certainty. As the spring occupies only half the hole
in the stud, three-fourths of the hole should be outside
the point of the depthing tool when it is adjusted to
mark the place the spring will occupy on the index, and
the holes can be drilled on each side of the mark.

1t is well to have a proper freedom for the spring
between the pins without bending them, and, as the wire
of which Breguet springs are made is thicker than
that used for flat springs, the holes should be drilled a
little farther apart. 1If the stud of a Breguet sprung
watch is not perfectly immovable, and the spring free
between the curb pins in every position of the index, no
good rate can be obtained from the watch, and there
will be no certainty of the effect which moving the index
will have upon its time.

It has become the custom of the Swiss to put
Breguet springs to watches that are quite unworthy
of them, where no adjustment of any kind is attempted,
and the studs and indexes are so badly fitted that these
watches must give the worst results to the wearers of
them and the greatest trouble to the watch jobbers ; the
studs are made, for the most part, in the shape used in the

. best English watches. Now if Breguet

\ E springs are to be applied to these watches

in this cheap and slovenly manner, the old-

Fig.8—01d- fashioned Swiss stud (Fig. 8), that sli

fashioned Bwiss ;i g notch in the éocﬁ’, w)ith a heagpgg

it, and was kept in its place by a small cap

fixed with two screws to the cock, would be a great im-

provement on the imitation English one. Indeed, this

stud is a very good one, as, when the watch is set going,

the play of the spring between the index pins fixes

the position of the stud, when all that is necessary is

to tighten the screws, and the spring will be in the
middle of the index pins.
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CHAPTER VIII

WATCH EXAMINING.

72. Watch Examining.—Watch examining has been
a growing branch of watch manufacturing, but with a
better system a change should be brought about in this
department. Competition in price compelled movement
makers to do as little as possible to the movements, and
the same cause and the fact of his branch being too long,
prevented the finisher from doing a good deal of the
work at the proper time, so that putting things right
that should have been right at first, but were only half
done,—in fact, doing a large portion of the work over again
by the examiner—came to cost from a third to half the
price of finishing the watch. But although a great deal
of the work done by the examiner ought not to be done
by him, there must still be careful examination and,
when necessary, correction of every part of a watch,
before it is placed in the hands of the wearer; however,
although a rearrangement of the work is desirable, I
must treat it here as I find it.

If the watch to be examined has a dome case, and is
fitted toitas directed onpage 109, the examiner has nothing
more to do with that, as the fitting is complete. But
most English watches have the double bottom case, and
are fixed in with a bolt and joint, the bolt and joint, with
the motion work, having been made by the motion
maker, and the bolt polished, &c., by the finisher. As the
finisher has probably had no opportunity of trying the
movement in the case, the bolt may not shut in properly,
or it may be easily released : it must therefore be seen to,
and the joint should be broached out with the bizzle on, and
a pin fitted tightly enough to keep the bizzle and move-
ment from dropping back if either or both are raised
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from the case. The pillar plate should be laid on a piece
of plate-glass or other flat surface, to ascertain if it has
been bent in the gilding; if it has, it must be got flat,
otherwise the pillars will not be upright, and will stick in
the holes in the top plate. If the shakes are found to
be excessive, this may be due to the gilding having thrown
up an edge on the pillars, which prevents the top plate
from going down to its proper bearings. In all the best
work the finisher fits the cannon pinion to the hour
wheel, but this is not the general practice, which is to
just let the hour wheel on to the extreme end of the
pinion, and not to open the pinion to the set-hand piece,
leaving the fitting of these pieces to the examiner. The
set-hand piece should be reduced until it fits the centre
pinion easily ; and before the cannon pinion is let on to
its place, it should have the square sink turned out to
free the centre wheel stopping, when it should be
broached to fit the set-hand piece tightly when in its
Place.

73. Fitting the Hands.—If the body of the cannon
pinion will not bear turning in fitting it to the hour wheel,
the hour wheel should be opened in the mandrel, as it
cannot be kept true by opening the hole in the fingers.
Fitting the hands to a watch deserves more care and at-
tention than are generally given to it. The way hands are
fitted to English watches is bad in principle. The pipe of
the hour wheel is left too long, and that of the minute
hand too short, and when the end-shake of the hour hand
is adjusted, as it usually is, by the boss on the hour wheel
and the dial, the end-shake of the centre wheel affects it,
sometimes giving it too much and bending the hour
hand by its catching the minute hand either in setting
the hands or in the going of the watch. In fitting the
hands, the examiner should fit the glass, if to a hunting
case, a8 high as the case will admit, ascertain the space
available by placing a piece of bees-wax on the dial and
pressing the glass down on it, and turn the cannon pinion
until it projects from the dial the height of the bees-wax ;
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the hour wheel pipe should rise just perceptibly above the
dial, and the end-shake of the hour hand be adjusted by
the pipe of the minute hand and that of the hour wheel.

If done in this way, the end-shake of the centre wheel
will not affect that of the hour hand, which will be always
the same, and may be very little, and the minute hand
will have a sufficiently long and secure fitting ; the hour
wheel pipe is always long enough to make the fitting of
the hour hand perfectly safe, except where a very thin
gold dial is used. The haphazard method of fitting the
hands without measuring the room in the case is a very
bad one; they are generally fitted too low, and, with a
badly fitting hour wheel, are constantly catching, and so
stopping the watch.

As with the hour wheel, the pinion should also be
fitted to the minute hand, and not the hand opened to
fit the pinion ; when the hand is fitted, a little red stutf
¢an be placed on the ball, and the pinion lowered until
the red stuff is quite free of the glass, when the end-shake
of the centre wheel is pushed towards it ; the ball of the
hands and the ends of the pinion and set-hand piece are
then ready for polishing : this part of the work is usually
well done. A very convenient tool for doing it is the
Swiss screw-head tool.

74. Attaching the Dial.—The pin holes in the dial
feet should be drilled with a very small drill, in such
a direction that the pins will not come in the way of any-
thing, and will be easily got at ; they should not be drilled
below the surface of the plate, but broached until the pin
touches it. If the hole should be a little below the sur-
face, it is better to lengthen the copper foot by squeezing
it with a pair of blunt nippers until it is above the plate
than to leave it in such a position that no pin can stop in.

There could not be anything much worse than the
manner in which the dials have been attached to common
English watches, the holes for the dial feet being placed
in the most awkward positions, the pin holes drilled so
very much too large that they were constantly bursting



106 WATCH AND CLOCK MAKING. [Chap. VIIT.

out at one side, and so far under the plate, that the pins
must be bent to go into them and pushed in so tightly
to prevent them from falling out, that the dials were and
are frequently broken by the mere process of pinning them
on after cleaning the watch. There is no better way
of attaching a dial to a watch than by pins through the
feet if it is properly done ; but two dial feet are better
than three, if one of the three is in such a position that
a pin cannot be got into it.

75. General Revision.—The mainspring should be
removed from the barrel and the barrel freed on its
arbor, if it requires a little end-shake, as it usually does.
The freedom should be taken from whichever side of the
barrel is nearest the frame : i.e., if the barrel should be
nearer the top than the pillar plate, the boss of the cover
should be thinned to get the inside freedom, and vice versa ;
the mainspring can then be put in and adjusted. With
the adjusting rod on the fusee square, any fault in the
action of the stop work will be seen, and it will also be
seen whether or not the chain leads properly on to the
fusee. The spring should be set up two or three teeth be-
yond where it makes an adjustment, as it will give a little,
and the set-up be marked on the plate and barrel arbor by
a couple of small dots. When the fusee is taken out of the
frame, the adjusting rod should be put on the square, and
held horizontally with the great wheel in the left hand ;
if the weight of the rod, which is a measure of the
strength of the mainspring, draws the maintaining spring
to the end of the notch cut in the great wheel, the main-
taining spring will be weak enough, but if not, it must
be weakened until it does so. The maintaining power
and great wheels must not be pinned on too tightly
to the fusee, for if this be so, or if the maintaining spring be
too strong, the maintaining power will not act; and the
examiner should see to this when adjusting the fusee,
and also see that the stop acts properly. (See p. 93.)
The holes for the set-hand and winding squares must be
made in the case, or, if they have been drilled, opened to
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the required size, and the squares reduced to the proper
length. Polishing the ends of the squares was at one time
thought to be of importance, as it gave an appearance of
finish to the watch, and often very bad watches had the
ends of the squares polished flat; there is, however, no
necessity for doing this even in the best work. If the end
of the winding square is left flat, it is difficult to put a key
on that fits it, and it soon gets scratched ; nor should 1t
be rounded, like some of the squares to the best Swiss
watches, since that makes the square too short, The
square should be shortened gradually, until a little red
stuff on its end does not touch the bottom of the case
(the set-hand square may be a little lower), and should be
polished either in an English or Swiss screw-head tool ;
the latter is more convenient for this purpose, especially
for the set-hand square ; the end should be just a little
rounded and the narrow corners be taken off with a
very old and smooth pivot file.

The wheels should be put into the frame separately
and the end and side shakes of each noted ; the depths of
the great wheel and centre pinion, and centre pinion and
third wheel can be seen without putting on the top
plate ; the fourth and escape depths must be tried with
the frame together, as they are more important and less
easily seen, and, if doubts be entertained as to their
correctness, they should be put in the depthing tool and
examined. In going barrel watches, the examiner has
less work ; he should see that the spring is properly free
in the barrel, and of a proper length, and not set up so
far that it is in danger of pulling the hook away every
time it is wound up ; the set-square must be kept quite
free of the bottom, and it should be fitted very well to
the centre pinion, but loose, and, before putting the
watch together, a slight dent should be made in the stem
with a sharp-pointed punch ; this will give it a kind of
spring tightness in the pinion which will permit of the
~ hands being easily set and at the same time keep the
minute hand sufficiently rigid.
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If the stem is fitted tightly, by polishing, into the
pinion to keep the minute hand from being too easily
moved, there will be a great danger of it sticking fast;
it should always have a little oil put to it to prevent
what~ is térmed firing. It will save a little labour, and
be a good deal better in principle, to revert to the old plan
of a solid centre pinion for keyless watches ; by snapping
or springing the cannon pinion on the solid arbor, setting
the hands is much more easily accomplished, and there is
another advantage in having the centre pinion’s pivots
smaller and stronger.

76. Fixing Movement in Case.—As the largest por-
tion of English watches are made with what. are called
‘“ double-bottom ” cases, 4.e., cases having the inner
cover or bottom made solid with the middle, the only
way of fixing in the movement that will permit of it
being opened to view the works is with a joint and bolt;
but there are so many objections to this arrangement
that it is difficult to account for its continuance. In the
first place the edge of the pillar plate of the watch is cut
through, which weakens it so much that it often gets
bent in the gilding; then, the glass bizzle must be
opened before the movement can be seen, and, as the
bizzle -opens at right angles to the cover in a hunting
watch it always marks it. The necessity of making the
bizzle open easily, and making a joint on it, prevents it
from fitting closely, and from excluding dust and damp
from the dial and movement ; and there is also the danger
of an inexperienced person pulling off the hands and
breaking the dial in opening this bizzle and lifting the
movement from the case.

The English case-makers are principally to blame for
the preponderance of double-bottom cases, for, being
unaccustomed to make dome cases, they charge one-
fourth more for the fashion (i.e., the making) of them
than for the making of double-bottom cases ; the Swiss,
on the contrary, reverse this order, and charge more for
the latter.
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The case-makers must not, however, have all the
blame, since, had the manufacturers chosen, they might
have altered the system, as the price of the bolt and
joint would have gone some way to pay the extra cost of
the dome case. But other reasons may be found in the
fact that a dome case requires more gold in the middle
and bands, and the foolish law that prevents the English
watchmaker from fixing, even by a pin, a dome to a
case of any other metal than gold. Thus law and custom
have prevailed against common sense and economy, and
I believe that full plate watches, with double-bottom cases,
are responsible to some extent for the decline of watch-
making in England. It is therefore to be hoped that
some means may speedily be found of superseding both,
although habit has so much influence that when dome
cases are used the movement is often fitted to the case
with a pin in the edge of the plate and a small hole in
the projecting band of the case, and a joint and pin on
the opposite side ; even keyless watches being made with
a bolt and joint. It is not usual to let the finisher have
the case, as it can be sprung and polished, &c., while
the watch is being finished, and, if the watch has a dome
case, it is necessary to fit the movement to it first. The
best way to fix it is with one pin and one screw ; two
pins and a screw are sometimes used, and this may be
done if the edge of the case where the pins go is deep
enough to take pins of sufficient strength, but this is
seldom the case. A good-sized hole is drilled in the edge
of the pillar plate close to the step, and a piece of brass
is tapped and screwed into it, projecting a very little
beyond the edge of the plate; this piece is filed and the
sides of it shaped with a chisel into the form of a wedge,
when the position of the dial in the case is marked on
the flange of the case which supports the frame, and a
square notch is cut in it to receive the thick part of the
pin, and prevent the frame from moving round in the
case, while the wedgeshaped end of the pin projects
underneath it, and prevents the frame from rising from
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the case. A mark is then made for a screw on the top
plate opposite the wedge, and drilled close enough to the
edge of the plate for the head of the screw to come over
the band of the case, and a dog-screw (i.e., a screw with
a portion of the head cut away) fitted; this screw is
screwed into the pillar plate, the body going through a
hole in the top plate into which its head is sunk as deeply
as the thickness of the band of the case will admit of. The
sink in the plate must be a very little below that in the
band, and the screw should have a shoulder to rest on
the pillar plate while the head grips the band of the case
sufficiently tightly to prevent any movement of the
frame in the case. I have found this the most con-
venient and simple way of fitting a movement to a case,
as, if it is properly done, the movement can be removed or
put in the case with the greatest ease. In putting it
into the case, if the movement is moved round the
wedge will drop into the notch, and, by turning the
screw half round, the movement is secured. Care must
be taken to find a place for the screw that will be free
from the other parts of the watch ; in ordinary fusee
movements, between the figures seven and eight on the
dial will be the best place for the pin, and there will be
room for the screw opposite.

CHAPTER IX.

JEWELLING WATCHES.

77. Objections to Jewelling.—Jewelling the holes for
watch pivots has been practised for nearly two centuries ;
it was invented by Nicholas Facio, a native of Geneva.
He came to London in 1700, and a few yeuars later com-
menced the business of watchmaking and watch jewelling
in partnership with the brothers De Beaufré. The
watchmakers of Paris, to whom he first applied not
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appreciating his invention, gave him no encouragement,
and the London watchmakers do not appear to have
treated him with much greater liberality, as the Clock-
makers’ Company opposed his application for a patent,
although, presumably on the strength of his invention,
he had been admitted as a member of the Royal Society.
Watchmakers of a century and a half ago were con-
sidered of more importance than they are at present,
and many of them were members of that learned
body). . .
Notwithstanding any jealousy the watchmakers had
of Facio, his invention was speedily adopted both here
and on the Continent. The jewelling was for the most
part confined to the holes of the escapement, probably in
consequence of its cost, but there must have been a
prejudice against jewelling watches at an early date,
which has not yet quite disappeared, because of the
tendency of certain sorts of stones to blacken the pivots
when the watch has gone for some time and the oil
turned viscid. However, there are no watches made now
that have not at least the balance staff holes jewelled, and
I do not think there are any watchmakers that will not
admit that the holes of the escapement would in all cases
be better for being jewelled; although I have heard
men argue that the third and fourth wheel holes of a watch
would be better to be of good brass than to be jewelled.
I amn sure there are thousands of English watches that
would have gone longer and cost less to repair, if they
had been jewelled in a few more holes. The Swiss, on
the other hand, jewel their very worst watches in as
many holes as possible, and do it so badly that brass holes
would in many cases be preferable.

78. Stones for Jewelling.—The stones used for
jewelling watches are the ruby, sapphire, chrysolite, and
garnet ; a thin rose diamond is generally put as an end-
stone to the balance cock of English watches, but only as
an ornament, and that is the only diamond ever used in
the jewelling of a watch. There is an uncharitable
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belief that watchmakers sometimes change the jewels in
watches for stones of inferior value, but there is no founda-
tion for the calumny, and the time spent in making the ex-
change would certainly exceed the value of the best holes.

There are great varieties of all these stones, so that
it cannot be said that a ruby is best for a hole unless it
is the right sort of ruby, and colour is not always a guide
as to the quality ; the oriental ruby is the best, being the
hardest and having the greatest specific gravity; it
should always be used for the best watches. Sapphire is
usually used for the holes of marine chronometers.
Rubies that have a deep red colour are prized and used
by the Swiss, while in England the milky stone is pre-
ferred as being harder ; it is also thought that, in con-
sequence of the colouring matter, the red stones blacken
the pivots more than the light-coloured ones.

My own experience is that, if the stone is hard and
well polished, the colour is not of much consequence ;
since, although the pivot becomes black, it does not cut,
and the discoloration is easily removed with a peg and a
little fine red stuff.

The quality of the oil has much to do with the blacken-
ing of the pivots, and those which have the greatest fric-
tion will become discoloured first, In ordinary watches
jewelled in the third and fourth wheel holes, the lower
third wheel pivot will be the blackest, it having the
greatest friction, from being so close to the action of the
centre wheel in the pinion; and if the centre holes be
jewelled, the bottom pivot will generally be found more
discoloured than the top one from the same cause. But
there are so many reasons in favour of good jewel holes
that every good watch should have all the train holes
jewelled except those of the fusee, which are expensive,
and liable to be broken with the pressure in winding the
watch. Garnet is largely used for jewelling common
watches, especially in the pallets to lever escapements ;
it is of the same hardness as chrysolite, but not so brittle.
These pallets are soon cut, a few years’ wear pitting the
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rubbing face of the stone on which the escape-wheel tooth
drops, in which case the only remedy is new pallets, as to
polish out the pits would spoil the escapement. Chryso-
lite would answer better for pallet stones, only it is not
80 like ruby as garnet is. Garnet is also used for the
impulse pins of lever escapements, but the least violent
external motion to the watch will break off the pin, if
the balance be a heavy one, and the cost of replacing it
will be many times the difference between the original
price of a ruby and a garnet pin.

The test of the hardness of precious stones is in the
working of them; their specific gravity can be ascertained
by weighing them in the air and when suspended in
water, and by dividing their weight in the air by the
difference ; the water for this purpose must be distilled.

‘Watch jewelling in England has hitherto been divided
into two branches only ; namely, hole-making, and jewel-
ling; the hole-maker flatting and drilling the stone, and
turning it true on the edge and faces; and the jeweller
fitting the hole to the pivot, shaping and polishing it,
and setting it in the plate. In Switzerland there is a
great division of labour in preparing and fitting the holes
to watches. Jewelling would seem to be as far removed
from escapement-making as two branches of a trade
could be, but the Swiss escapement-maker is served with
the jewel holes along with the other materials for the
escapement, and sets them himself. This practice would
be useful to watch jobbers going to India or the colonies,
but watch jewelling is so much of a specialty, and
requires such great practice to do it well, that one is
surprised at the combination of two such parts surviving
in Switzerland,

79. Hole Making.—The English process of making a
hole is to take the rough stone, about the size of a small
pea, and hold it against the face of a plate or mill fixed
in the lathe and rotated rapidly ; the mill is of soft iron
charged with diamond powder. When one side of the
stone is flatted, the other side is held against the mill

I
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until the stone is brought to the required thickness ; it is
then cemented on to a chuck, turned true on the face and
edge with a piece of black diamond fixed in a handle, and
centred with a small splint of the same, and drilled to half
the length of the hole ; the stone is then reversed on the
chuck, the face turned true, and, if it is the front of the
hole, the chamfer or cup is turned out of the centre, and
the hole met. From first to last this seems a very slow
process ; and flatting the stones is a very dirty one, as
the mill must be kept supplied with plenty of water.
In fact, I believe it is the identical method pursued by
Facio, the inventor. When the hole is a large one, the
process of drilling with a diamond point is well enough,
and it is acknowledged that holes made in this way
cannot be beaten ; but, without adopting all the Swiss
system, which has some drawbacks, I think ours ought to
be greatly improved.

The Swiss flatten the stones on a large horizontal
mill driven at a very high rate of speed, generally by a
turbine, or by steam power. The stones are not presented
singly to the mill, but are cemented on to a block, and
held against it in quantities of some dozens at a time;
when the stones are sufficiently reduced on one side, they
are reversed, and the other side ground until they are the
required thickness. It is evident that this operation can
be done for a tithe of what it would cost to have them
flattened by the old process.

The uncertainty of getting the sides parallel to one
another by the above method, however, prevents the holes
from being drilled perpendicular to one of these sides.
If they were drilled one at a time this could be done, but
the stones are pushed half a dozen or more into a kind
of tube or holder, which is fixed on the rest of the lathe
in a line with the drill in the chuck. This drill, instead
of being a diamond, is a piece of drawn steel wire; it
goes through a great many stones at one time, and is
charged with diamond powder, and, instead of a man or
woman drilling one hole and then stopping the machine,
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he or she has to attend to six machines, each drilling six
holes at one operation, and the faces of the holes not
being parallel to one another, the holes are seldom
perpendicular to either side of the stones. If they are
much out it is not possible by any process of opening to
make true holes, especially if they are a good length ; but -
this process of flatting and drilling is so expeditious, and
consequently cheap, that jewelling an extra pair of holes
makes little or no difference in the price of a Swiss watch,
and jewelling every hole is now the rule with them,
although, as before stated, they are not always as good as
brass ones. They are made very thin, are very badly
polished, and of such material that they are so easily
broken that few common Swiss watches are without a
eracked jewel hole or two. Some years ago there was
quite an industry in London of finishing these holes for
America,—so it was believed,—but now I understand the
factories in the States make their own holes, and there is
certainly no reason why we should not take a leaf out of
the Swiss book, and amend our system without alto-
gether adopting theirs. A Swiss jewel hole maker
informs me that thirty years ago, before the drilling in
quantities was adopted, a woman or lad could drill a
hundred flatted stones in a day, and the holes in these
stones were required to be perfectly perpendicular to one
side of the stone, although the rate of speed that a boy or
woman could drive & foot-lathe would be much too slow
for a revolving drill ; but this process would seem a great
improvement on ours of setting up a stone in a lathe, and
meeting a hole small enough for a staff pivot.

80. Jewelling. — When the jeweller first gets the
frame to jewel the holes for the escapement, he has
nothing to do with fitting the pivots, as they are not then
made, but he should have a size given him, and his care
should be to make use of all the thickness of the plates
for holes with end-stones, to make the sinks in which the
settings rest quite square, and the shoulders of the set-
tings to coincide with the sinks. The setting itself should
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have some substance in it, and not be turned away so thin
that any extra pressure on the end-stone would bend it in
and reduce the end-shake, or until it is impossible to lift
the hole, unless it is done as the jeweller does it, on the
end of a damp finger. Some watchmakers object to
large stones on the ground that the colouring matter

ing in a greater body than in a small one, it will
blacken the pivot more ; but then, on the other hand, it
should be remembered that a small stone means
necessarily a weak one, and a large stone has other
good qualities as well as strength. When there are end-
stones, the oil chamfer is cut at such an angle in a thick
stone that the pivots drop into their places without
trouble, and without the risk of injuring them in putting
the watch together—a thing that is so often happening to
the pivots of the balance staff, especially where the
balance is & heavy one. Some jewellers make a double
chamfer to the holes, but I see no use in that.

There has been considerable difference of opinion
amongst watchmakers as to the best shape of a hole :
some have advocated a long straight hole with a pivot,
largest at the extreme end to lighten the friction (as
shown in Fig. 28) ; but no person who has had much ex-
perience of the going of watches would think of making a
balance-staff pivot unnecessarily weak, and of the very
form most liable to injury. A jewel hole should not

< be straight, but rounded from both ends
Q.O to the middle, so that the rubbing surface
Fig. 9. shall be small and equal, whatever the
amount of end-shake may be; as shown in

Fig, 9. This is also the best shape for thorough holes (<.¢.,
holes without end-stones), although they are seldom made
so. English jewellers have persistently used screws with
too small heads and too large taps for fixing jewel holes
with endstones. There is no advantage in a large screw
where there are only three or four turns of thread on it,
and jewel screws seldom get broken ; occasionally half
the head comes off if it has been slit down too much.
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The objections to large jewel screws are that, in order
that the heads may come over the setting, the holes
have to be drilled so close to the sink in the plate that
in many instances they burst out, and if, from overheating
the screw in hardening, a scale is left, or any other
accident happens from carelessness on the part of the
examiner, &c., and the thread of the hole is injured, the
hole cannot be tapped over again with a larger tap, as
could be done should this occur with a small hole.
I have seen many watches almost new, that purported
to be good ones, with several of the jewel screws over-
turned and quite useless, and this must have been the
case before they left the maker’s hands. This is especially
the case with the jewelling of escape-cocks that have
end-stones. Unless the cocks have ample thickness, and
can be properly jewelled, they would in most instances
be much better with thorough holes. Jewellers can
hardly be blamed for doing the work in this way ; they
work for watchmakers who ought to know more about
the matter than they do. The bodies or taps of the
screws should be small, and the head large enough to
come over the setting, keeping the body of the screw
at such a distance from the sink that, if the screw should
be overturned, the hole could be re-tapped, and a larger
screw put into it without bursting the hole into the sink.

The bottom holes of the third and fourth wheels are
rubbed into the bar, and the holes in the top plate are set
in gold or brass settings, which are countersunk into the
plate and fixed with two screws, the heads of which are
sunk partly into the plate, and partly into the jewel
hole setting. In many of the watches made by the
Roskells, and other Liverpool makers, the holes were
all rubbed into the plates, and they had thorough holes
to the escape wheel and pallets. This was an excellent
plan, a8 many of these watches went to South America,
and to other parts, where the watchmakers were not very
skilled workmen, and, as the holes were all set in this
manner, they had no trouble with the jewel screws, and
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I have seen these watches after many years’ wear very ’
little the worse for the jobbers. '

It is now, however, the fashion to put end-stones to
the escape-cocks, very often where there is insufficient
room for them (and where, in consequence of the want
of room, the work would be unsound, even if well done)
because end-stones are characteristic of good work, and
one sometimes sees an end-stone to the escape-wheel, with
the pallet staff in a brass hole. First-class jewelling
costs nearly as much in Geneva as it does in London,
notwithstanding the superior methods the Swiss have of
flatting and drilling the stones, as opening, setting, and
polishing the holes require much greater skill and labour
than making them. The holes are opened with copper
wire and diamond powder, and polished with diamond
powder on a hard dog-wood peg, and a hole requires a
good deal of labour with the latter before it is properly
polished ; but, notwithstanding this, if English watch-
makers would set about reforming our present system
by introducing a greater division of labour, and the Swiss

system, in part, of making the holes, sound second-class

jewelling might be obtained at much less cost and of a
superior quality to what is at present to be got.

81. Snailing.—There is the objection to polishing
brass surfaces such as great wheels and barrel covers,
that, although they are somewhat difficult to polish, they
are eagily scratched, and that brushing spoils their appear-
ance. The art of spotting such small pieces by hand is
not easily acquired, and gilding great wheels and barrels
with teeth on them has proved so ruinous to the work by
softening the brass that it is rarely resorted to now.
Snailing is a very old method of finishing the steel caps
of fusees, but since the introduction of keyless work it
has come more into use, it being the usual way of
finishing the steel winding wheels. The tool usually
employed by finishers by which they perform the
operation is a very primitive one, mostly consisting of a
copper penny driven on to a good-sized arbor, and
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termed a mill. The copper is turned away from the side
of the roller that is to be used until a thin rim only -is
left projecting at its outer edge ; the roller is fixed in a
pair of small turns which are fixed to the rest holder of
a larger pair by a projecting shank ; the work that is to
be snailed is put into the large turns, and the snailing
roller brought close to it. One of the runners of the
small turns is excentric to the other, and by turning this
runner round, the roller is brought into contact with the
‘top side only of the wheel to be snailed ; if the faces were
parallel to each other, the curves made by the roller
coming in contact with the work would be crossed and
obliterated by the roller when leaving it, even.if the
arbor turned only in one direction. This effect is to
some extent produced by using a bow, as the up strokes
of the bow make curves in a contrary direction to those
made by the down strokes, but this confusion of circles
does not matter very much, as when it is found that the
roller has been in contact with every part of the work,
and that it is smooth, the snailing is done with the down
strokes only, a long bow being used, and the snailing
roller held in the fingers and prevented from turning,
while the bow is pushed upwards. Emery and oil mixed
with sharp stuff is recommended with the copper roller,
but copper is too soft and a bad material for a roller, as
the emery sticks in it, and it is difficult to get a smooth
surface with it or without deep races in it; the roller
should be made of hard brass, and the emery should be
washed until it is very fine, and no sharp stuff used with
it. Brass wheels, &c., should be stoned free from scratches,
and got quite flat on arbors. For this purpose a roller
made of hard box-wood should be used with oilstone dust
ground as fine as possible, and mixed with oil to the con-
sistency of cream, and the polishing power used sparingly.
Sharp stuff and oil gives a bright surface on brass, but
polishes too much, leaving the circles undefined. Rollers
-of any size may be used ; one twice the diameter of the
object snailed makes a curve that looks very well.



120 WATCH AND CLOCK MAKING. [Chap. IX.

Snailing is a very excellent way of finishing great
and motion wheels, and the bottoms and covers of
barrels, and if done as directed, they will brush bright
and clean without showing any scratches. Although
it is in universal use, the tool described is obviously
only a makeshift, and the difficulty of using it properly
may be judged of from the number of badly-snailed fusee
caps one sees, the fusee cap being all that is snailed in
ordinary watches.

If polishing should be made a special branch of
watch finishing, snailing might be well done without the
application of very great skill by using a proper tool,
adapted to either a foot-lathe or a hand-lathe, or throw,
with a rotary motion, with a screw for the adjustment of
the angle of the roller. As the snailing roller will not
go right to the centre of a wheel but would leave a
lump there, a hollow is usually cut close to the centre
and polished ; this gives a little variety and relief to the
work.

82. @ilding.—The art of gilding base metal is of very
early origin, and must have been applied to the frames
and wheels of the first watches made. I have seen
watches by Mudge, Graham, and other early watch-
makers, with the gilding so fresh and perfect that, but
for the name on them, it wonld not be possible to tell
they were more than a few years old. But the process by
which these watches were gilded has almost died out since
the advent of electro-gilding, although it is well known
that brass gilded in this way will last for centuries.
Not ten per cent. of the watches made in England are
now gilded by the mercurial process, and none of the
Swiss ones.

English watchmakers have been always slow to
accept new ideas as such, and have paid less attention to
appearance than utility ; and, as brassis a better material
for watch frames and wheels than any other yet dis-
covered, they have kept to brass, unless in the case of
some special order. The Swiss, on the other hand, have
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been more energetic and more enterprising in finding
& market than their English competitors, and in
seeking something novel have adopted a white metal,
which they call nickel, for the frames and bars, and a
low quality of red gold for the wheels. To heighten the
effect, they employ the reddest stones they can find for
jewel holes, and set them in red gold, the wheels being
polished, and the plates or bars snailed, spotted, and
polished in a variety of ways, by means of which a very
pleasing contrast is obtained.

. This attention to novelty and beauty of appearance
has undoubtedly assisted the sale of Swiss watches,
especially in the United States, where they imitate the
Swiss style, and make all their best watches with white
metal frames. But this so-called nickel is only German
silver, and although it looks pretty at first and keeps its
colour for a time, it gradually gets dim and tarnished, and
will not last like the old-fashioned gilding, nor is it so
suitable as brass for screw or pivot holes.

As the Swiss no longer make their watches with
brass frames and wheels, unless they are for the English
market, the gilding has deteriorated there, and they now
send their best wheels here to have them gilded.

Mercurial gilding has a rough granulated appear-
ance, from the quantity of gold on the surface and the
manner in which it is laid on. When gilding by the electro
process was introduced, it was thought desirable to
imitate the appearance of the best gilding, but a heavy
deposit of gold cannot be left by this process without 1t
running into circles and inequalities in consequence of
the holes in the plates, and as electro-gilding is practised
because of its cheapness very little gold is left on, and
the desired surface is obtained by softening the plates
and scratch-brushing, i.e., brushing with a wire brush.
There is no reason why electro-gilding should soften the
brass if the smooth surface left after the process were
not interfered with, but in any case the gold does not
adhere to the brass so well as in mercurial gilding.
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The Swiss obtain a surface by depositing a thick layer
of tin on the plate or other article, scratch-brushing the
tin, and gilding afterwards, the gold being so lightly laid
on that it would not stand much brushing after gilding ;
but this method is very unsatisfactory, as, in cleaning
the watch a few times, the gold is brushed off the edges
of the plates and bars, making the work look worse than
if it had never been gilded at all.

" The mercurial process is as follows. Take, say, half
an ounce of fine gold, and by the application of a little
heat, dissolve it in about three ounces of mercury ; the
work to be gilded must be prepared by placing it for a
short time in a solution of dilute mnitric acid and
mercury. The dissolved gold and mercury are put into
a small wash-leather bag, and the mercury squeezed
" through the pores of the leather until the paste in the
bag becomes of the consistency of soft butter. The article
to be gilded is then heated a little, and the paste spread
- over it with a piece of brass used for this purpose,
. technically called a pencil. The mercury remaining in
the paste on the plate is evaporated slowly by heating
it ; the heat applied should never be greater than the
temperature of boiling water, so that the brass be not
softened ; when the mercury has all been destroyed, the
plate is scratch-brushed, with an acid—usually beer—to
bring up the colour. Although the process seems simple
enough, great skill and experience are necessary in the
operator, and there are few good mercurial gilders left.
Polishing the train wheels of watches was much
practised in Liverpool, when watchmaking was more of
an industry there than at present, and polished wheels
looked very well for a time ; but, as in the case with
polished plates which have sometimes been adopted as a
distinguishing feature for pocket chronometers, they
soon tarnished.
A very pretty effect is produced by polishing and
spotting a plate and electro-gilding it afterwards; the
spotting shows through the light coating of gold and
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looks very rich, and the gold prevents the plate from
tarnishing.

Great pains are occasionally taken to get the gold
out of the pivot holes after gilding, but in the case of .
large holes this is a mistake ; a well-gilded hole will last
longer than a brass one, and will preserve the oil instead
of turning it green as brass always does. The late Mr.
Blundell told me he always got the holes of the regu-
lators he made gilded when jewelling was too expensive.

It is a question whether English watchmakers have
been wise in disregarding the well-known desire all
people have for new things, and in adhering to brass as
the principal material for watches, especially as there are
now so many alloys of aluminium of various colours and
other metals that might be made available for the
purpose, which are much better adapted to variation in
the mode of finishing than brass is.

CHAPTER X,

VERGE AND HORIZONTAL ESCAPEMENTS.

83. What is an Escapement ?—The escapement of
a watch or clock is that part of the mechanism which
controls the speed of the train of wheels, and compels
the motive force to exhaust itself uniformly by allow-
ing only one tooth at a time of the last wheel of the
train to escape. Hence the term. This last wheel is
called the escape or ’scape wheel, and is included as part
of the escapement, every different kind of escapement
having a peculiar escape wheel.

The escapement, then, consists of this wheel, the
balance, and all the intermediate pieces. The escapements
used in watches are five in number —although many others
have been invented from time to time which have never
come into general use. They are the verge, the horizontal,
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the lever, the duplex, and the detached or chrono-
meter.

84. Verge Escapement.—Although the first of these
- escapements may be considered to all practical intents
obsolete, no satisfactory results being obtainable from it,
yet, as it still continues to be made, it is necessary for
me to notice it. M. Saunier says, in the second edition
of his Treatise on “Modern Watchmaking, “There are still
made, chiefly in the canton of Berne, more than 300,000
verge watches annually,” but I think he would now
considerably modify that statement.

The verge, vertical, or crown wheel, is the oldest
known form of escapement. It was applied to the clock
made by Henry de Wyck for Charles V., but the inventor
of it is not known, though by some it is ascribed to Pope
Sylvester II.

It is a recoil escapement, entirely frictional, and has
no freearc, the supplementary arc taking place during the
recoil, and consists (Fig. 10) of a crown escape wheel,
which gives impulse to the balance through two pallets
fixed at about a right angle on its arbor, the minute
wheel of the train being also a crown wheel.

In Fig. 10 the diagrams A and B represent the plan
and elevation of the escape wheel, with the portion of the
balance staff, or verge, upon which are the pallets which
control it.

The wheel is travelling in the direction of the arrow,
and the tooth under the pallet, @, is just escaping after
having giveu impulse to it. 'When the tooth under a has
escaped the tooth under b will come into action with that
pallet, and, after a recoil caused by the inertia of the
balance, will in its turn give impulse until it escapes,
when the pallet @ will receive the next tooth in like
manner, the motion being reciprocal, the pallets acting
alternately at opposite sides of the wheel.

It is obvious that the escape wheel must have an odd
number of teeth in order to’act at all. The width of the
pallets and the angle at which they are set to one another
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"is determined by the number of degrees through which
the balance is required to move in its vibrations.

The greater the angle at which they are set the
greater will be the vibration and the less the recoil, and
vice versd, as, of course, the greater the recoil the greater

B

Fig. 10.—Verge Escapement.

will be the retardation produced upon the motion of the
balance. ,

‘Writers on the subject differ as to the number of
degrees, varying from 90° to 115°, of opening between
the pallets proper for this escapement. English watch-
makers generally used the smaller openings in their
escapements, while the French made them with the
larger, pitching the pallets deep into the wheel and
cutting away a portion of the verge to get the teeth to
act on the pallets nearer to its centre and thus give a
longer impulse. But these escapements, unless very
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carefully made, were liable to set owing to the very small
leverage on the tooth commencing its action of giving
impulse. To prevent this, they were usually made with
very light balances. They were generally superior to
the English rescapement both in principle and make.
‘With the extremely small angles the large amount of
recoil retards the vibrations, so that practically it has
been found best to place the limit between 95° and 105°

In all cases the wheel should be planted as closely as
possible to the centre of the verge so that the points of
the teeth shall just free it, and, that the lift may be
equal on the pallets, should also be planted so that the
verge shall cross exactly its centre at right angles to it.

The pivot of the escape wheel nearest to the verge
works in its hole in a dovetail in the potance, and in
setting the escapement a little more space should be left
between the top pallet and the wheel than between the
lower one, to allow of more.drop. This is necessary,
owing to the weight of the balance pressing that pallet
deeper into the wheel (the distance of the shake in the
balance cock hole), when the watch is in a vertical
position with the verge above the wheel than when it is
lying flat ; verge escapements very often tripping in the
one position while they are all right in the other, where
this precaution has not been adhered to.

The escape wheel should have no perceptible end-
shake or the tripping will occur, whenever the wheel is
by the amount of the shake too deep, while on the other
hand the vibration will fall off when it is too shallow.

85. Horizontal Escapement. — The horizontal or
cylinder escapement was invented by George Graham
about the year 1700. It was the development of
an idea conceived by Tompion, who had already in-
vented and constructed an escapement of a similar
principle, and may be considered to be the first step
in the direction of good timekeeping, as regards the
principles of an escapement for pocket watches hitherto
made, being the first dead beat escapement applied to
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them. Its advantages, as compared with the verge, were
obvious and numerous (even as at first constructed)
although it did not quickly supplant it. The wrong pro-
portions at first adopted and the comparative difficulty
of its manufacture rendered it unsatisfactory in its
results, and unpopular with most of the watchmakers of
the day.

Fig. 11, A, shows a plan of the escape wheel and
cylinder. The wheel is travelling in the direction in-
dicated by the arrow, and the tooth @ just commencing
to give impulse to the left hand, or entrance lip, of the
cylinder. When it has given impulse, it will escape from
that lip and fall into the position of the dotted tooth
a’ at Fig. 11, B, the right-hand edge of the cylinder being
in the position marked by the dotted lines at 1, and con-
tinuing to travel until it reaches the point 2, when the
inertia thus given to the balance being overcome by its
spring, it will return to 3, when the tooth a will give
impulse to the right hand, or exit lip of the cylinder,
escaping as at . The tooth ¢ will then fall on the out-
side of the cylinder, as shown, the supplementary arc
continuing to 2 and returning, the tooth ¢ then giving
impulse through the left-hand edge as.before.

Fig. 11, ¢, shows the cylinder ir elevation, containing a
tooth of the escape wheel, the balance being at rest, and
the power of the mainspring off, or the watch being
down ; m shows the space which is cut away to free the
escape wheel.

Supposing the balance to be turned so far that the
point & (Fig. 11, B) in the cylinder were twisted back to o,
the tooth ¢ would then fall past that point and lock the
cylinder in that position. This is called overbanking, and
to prevent this, a pin or stud is fixed in the balance
cock in such a position as to be in, or very near, the
centre of the vibration; another pin, projecting on the
opposite side from the rim of the balance which makes
about three-quarters of a complete turn at each oscil-
lation, prevents it from passing the projecting pin in the
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Fig. 11.—Horizontal or Cylinder Escapement.
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cock. (The phrases commonly in use ‘balance makes a
turn,” “a-turn-and-a-half,” &c., require perhaps a little
explanation, as it is obviously impossible for a watch
with any ordinary escapement to go if the balance
swings round over a complete turn ; the meaning is that
it makes a turn, &c., at each complete vibration, t.e., in
its backward and forward arcs of motion added together.)
These are called the banking stud and pin, and without
them this overbanking would occur in the event of any
sudden twist or jerk of the watch, or in the event of the
balance vibrating too far, and so would stop the watch.
Notwithstanding the general non-appreciation of the
qualities of the horizontal escapement, the application of
it to his watches, and its superior performance as com-
pared with the verge, gained for Graham a great reputation
which soon excited the emulation of watchmakers here
and on the Continent, and watches with this escapement
were, a few years after its introduction, made in large
numbers ; but the rapidity with which the cylinders
were cut by the brass escape wheels, and the wearing of
the brass pivot holes (which disturbed this escapement
very quickly) prevented it from being universally used.
These disturbing causes were, to some extent, overcome
by the application, by Graham and some of his con-
temporaries, of ruby cylinders and jewelled pivot holes
(rendered possible, as we have seen, by the introduction
about this time of the art of precious stone drilling and
working, by Nicolas Facio, of Geneva), but the intro-
dnction of the duplex escapement by Pierre le Roy, the
celebrated French watchmaker, in 1727, bade fair to
extinguish it altogether ; and it was not until the latter
end of the eighteenth century, after exhaustive theories
on the subject, published by Berthoud, Jodin, and other
French watchmakers, that the capabilities of the hori-
zontal escapement became generally understood.

The peculiar adaptability of it for very flat watches
was soon perceived by the Swiss, who, having altered or
modlﬁed its proportions, substituting a hght and small
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steel wheel for the brass one, and quick trains for the
slow. ones previously used, adopted it universally in their
watches, and it remains one of the characteristics of a
Swiss watch to the present day.

86. To plan a horizontal escapement: From the centre
A (Fig. 12) describe a circle, of which the arc B ¢ forms a

Fig. 12,

segment, and draw the radius A B. If the escape wheel is
to have 15 teeth (the usual number), mark off intervals
of 24° from A B (24° being =2£9°), and draw radii from
_ the centre A to these points. Mark off 10° to the right
of each of these radii. (When the circle determining
the height of the inclines of the teeth is found, these
radii will determine the positions respectively of the
heels and points of the teeth.)

Draw the line ry, and supposing it is required to
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give 20° of lift on each side of the cylinder, take off 10°
from this line, and draw ey, cutting the radius A B at Z
Then !B being = half the lift is = half the height of
the impulse plane of the tooth. Describe a b, and join
Ba, aQ, Qb. From the centre o describe the circle 0 @
this gives the outside diameter of the cylinder ; taking
off 1° from A X on the circle B ¢ will give the thickness.

Not less than 18° from the radial should be allowed
at the back of the tooth for freedom of the heel if square,
or flat; or it may be cut away concentric with the
cylinder ; and the height of the plane of the teeth must
not exceed one-tenth of the radius of the wheel or the
cylinder would be too thin. The diameter of the cylinder
to that of the wheel should be about as 1 to 9, and its
acting part 200° of the circle, inclusive of the rounded
lips. The lips should be rounded, as shown in Fig. 11,
which adds a little to the lifting arc.

To form the impulse curve of the teeth: from the
middle of the planes draw perpendiculars, as at k74 ;
from the centre A describe the circle % A, touching these
lines ; and from the points of contact of the tangents
with this circle draw the curves of the teeth touching the
points and heels of the planes.

87. Parts of the Horizontal Escapement. — The
cylinder should be pitched (as in the diagram) so
that the middle of the height of the impulse plane of
the tooth shall pass through its centre ; this will give a lift
acting equally before and after the line of centres, and
ensure the least possible amount of drop. As the
balance in the return supplementary arcs attains a con-
siderable velocity before the incline of the tooth comes
into action with either lip of the cylinder, it is obvious
that with an impulse plane of a very small angle, or a
very shallow tooth, the cylinder will have travelled some
little distance before the plane will come into contact with
its edge, or, at all events, the impulse given on its first
coming into contact will be very slight until it has
travelled a certain portion of the incline, owing to the
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cylinder travelling as fast as, or faster than, the wheel
on its first being released from rest, whereas with a plane
of a very large angle the friction will be excessive, and
the impulse will, in consequence, be very feeble (as may
be observed in escapements with badly planted cylinders
and very short teeth). The thing to be desired is, there-
fore, that the relative sizes of the wheel and cylinder
shall be such that they will allow of a tooth which will
give the necessary number of degrees of impulse (with
the plane in contact with the cylinder throughout its
entire length) with the minimum of friction.

The lift, or the angle moved through by the cylinder
while it is receiving impulse either way, should be about
20°.

The next point to be considered is the form of the
edge of the tooth for giving the impulse. The three
principal curves adopted for this purpose have been the
following :—

1. That which, by moving the wheel through equal
spaces, will give equal arcs of impulse to the cylinder ;

2. That by which the power of the impulse is ren-
dered proportional to the increased resistance of the
balance spring ; )

3. That approximating nearly to a straight line,
which is thought to give the longest arc of vibration to
the balance.

Of these three forms, the first is the one that has
been found to give the best results, and is that which is
now universally adopted in the best cylinder watches.
The second of these, having a greater curvature near its
point (which would no doubt be the correct form of
tooth were the increasing inertia of the balance, which
overcomes the increasing resistance of the spring, left
out of the calculations), commences to give impulse in a
very sluggish manner, gradually increasing in velocity ;
and as the latter portion of the curve near the heel ap-
proximates very nearly to that of the circumference of
the wheel, and encounters little or no resistance from
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the cylinder, owing to its accelerated motion, it traverses
this portion with extreme rapidity, and falls with a very
heavy drop on to the edge of the cylinder, which occa-
sions a very rapid wear of that part, besides other .
irregularities incidental to excessive drop.

The straight incline is a very good form for the
tooth, but is inferior to the first curve, which gives a
uniform impulse throughout its length; this curve is
formed with the radius of the wheel.

The proportions directly dependent upon one another
(and by altering any of which we would alter the per-
formance of the escapement) are :The strength of the
mainspring, the diameter of the escape wheel, the height
of the incline of the tooth, the diameter of the cylinder,
and the size and weight of the balance.

In the best Geneva-made cylinder watches the escape
wheel is made small and flat, with a proportionate
cylinder, and a small but comparatively heavy balance,
and this construction gives the best results of which
this escapement is capable,

Large escape wheels and cylinders should be avoided,
as they require stronger mainsprings and lighter
balances, and are more susceptible to disturbing in-
fluences, such as thickening of the oil, &c.

In the case of the balance vibrating too far, a weaker
mainspring or a heavier balance should be applied, but
if the balance should still bank, after either or both of
these alterations have been made, the escape wheel
teeth should be slightly reduced near the heel by a
process called ¢ topping ” (4.e., polishing or grinding a very
little off them in the turns). This, by reducing the im-
pulse and increasing the drop, will have the desired effect.

It is usual to allow of a little more drop on the
inside than on the outside of the cylinder to ensure
freedom for the heel of the tooth when inside it; for,
were this precaution not taken, if the cylinder were
planted a little too deep, and the tooth were the cor-
rect size, the heel would rub.
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One property which the horizontal escapement pos-
sesses, and which renders it peculiarly adaptable for
going barrel watches (or watches without the fusee ad-
justment of the mainspring), is, that it is not so much
affected by any change in the motive power of the watch
as any other escapement, the frictional rest of the tooth
on the cylinder exercising a compensating power over
the extent of the vibrations, so that any addition to the
motive force is attended with additional friction on the
cylinder, while the balance is performing the supplemen-
tary arcs of vibration, and so retarding it and compen-
sating for the additional force of the impulses. This
isochronising power was what recommended it especially
to the Swiss, who saw the possibility of suppressing the
fusee, of which they had never been in favour, and which,
in fact, they never thoroughly understood.

88. The Cylinder.— Of the various methods practised
for running in cylinders, the following, described by Mr.
W. G. Schoof in vol. xv. of the Horological Journal, is,
from its simplicity, among the best, as it avoids the ne-
cessity for using intermediate gauges, which are in them-
selves a source of error, and should always be avoided
where it is possible to compare the piece of work itself
under construction with the corresponding parts into
which it is to fit.

Both cocks having been removed—“1I then,” says Mr.
Schoof, ¢ take a small piece of brass, the shape of the en-
graving (Fig. 13) and screw it in the place of
the bottom cock, so that one of the holes—
there are six in the illustration, though the
number is of no consequence—comes in the
same place as the bottom jewel hole would.

Fig.13.  The slit of course receives the screw, and the
object of its being a slit, instead of a hole, is

to allow of its being moved, so that one of the six
holes can be brought into a proper position. The escape
wheel and centre-wheel are left in their places, and
having selected a suitable cylinder I put it in the
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frame, its arbor going through the hole in the piece of
brass, or temporary bottom cock upon which the body
of the cylinder rests ; then I allow a tooth of the escape
wheel to pass into the cylinder, and turn the cylinder
round until the plane of the wheel is in the slit of the
cylinder. If the cylinder sufficiently clears the wheel it
is right ; if it is too high, I turn away from the body of
the cylinder at the bottom. Then, previous to turning
down for the shoulder on which the balance is to rest, I
mark with a safe-edge file the exact height of the
shoulder, just sufficiently above the bar of the escape
wheel on the fourth wheel pinion, which will be seen by
resting the cylinder on the temporary cock. The height
of the shoulder being thus marked off, when the cylinder
is in the proper height for the escape wheel, I then pro-
ceed to shorten the lower arbor of the cylinder to the same
length as the proper bottom cock is thick, care being
taken to allow for such depth, as the end-stone sometimes
lies below the surface of its setting.

“If now both cocks, having their endpieces removed,
are screwed into their places again, the whole length may
be taken with a pinion gauge or douziéme tool and trans-
ferred to the cylinder, by shortening the upper arbor,
_ when the cylinder will be ready for pivoting. In pivot-
ing a cylinder to a very flat watch, it is sometimes
impossible to get one with a slit sufficiently narrow, and
in such case it is advisable to let part of the cylinder go a
little into the bottom cock, to avoid weakening the
cylinder too much, and this the intelligent watchmaker
will know how to allow for.”

The above applies only to the replacing of a broken
cylinder, and would more properly come under the
heading “ jobbing,” but as the manufacture of the hori-
zontal escapement has ceased entirely in this country, and
is fast declining on the Continent, and even in Switzer-
land, I shall not go into it any further than to explain
the process to be observed in making a cylinder.

89. Making a Cylinder.—A piece of good steel wire
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having been selected, a little larger than its ultimate dia-
meter is to be, and a little longer than the height the
cylinder will occupy in the frame, it must be drilled up the
centre in a small lathe, with a meeting centre in the poppet
head ; the cylinder should be annealed before drilling.
After drilling, the inside must be broached from both ends
with a nearly straight broach, and, the height having been
ascertained, polished till it will just admit & tooth of the
escape wheel. The outside of the cylinder should be turned
on an arbor and polished till it will just pass between two
of the teeth. The height for the slots may be measured
by placing a little red stuff on the edge of the teeth of
the wheel, and touching an wupright pointed peg
previously forced into the lower jewel hole, with the teeth,
or by means of the tool shown in the engraving (Fig. 14).

Fig. 14.—Tool for measuring heights.

Having cut the opening and slot, and rounded and
polished the lips to the required shape, the hardening and
tempering of the cylinder must be effected ; this may he
done well in the following manner. Place the cylinder
on end in the centre of a small copper vessel having a
tightly-fitting cover and, having filled it (and the cylinder),
with powdered charcoal, bind it tightly round with copper
wire, filling the interstices with soap in order to ex-
clude the air. Then heat to a dull red in a charcoal fire,
and harden by dipping the whole into soft water; the
cylinder may then be taken out and (after trying its
temper) tempered by either boiling in oil or letting down
to a blue colour ; the former is preferable as it ensures a
more equable temper. The plugs should be made of the
same steel as the cylinder of a smaller size and formed
solid with the arbors. Having hardened and tempered
them, they should be turned to almost fit the ends of the
cylinder, when a few taps of the hammer will be sufficient,
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to fix them in-their places. The hammering of them in
may be done either by holding the cylinder in a clamp
shaped for that purpose, or with the stopping held in a
clamp, and the punching administered through the inner
edges of the cylinder with a punch of a suitable shape,
The balance being colleted on (the collet being fixed by
means of the above punch) and the pivots being finished,
place the cylinder in the frame and try the drops of all
the escape wheel teeth, and see that the cylinder is
perfectly upright, and that sufficient freedom is left in
the openings for the teeth and the wheel.

CHAPTER XI.

DUPLEX ESCAPEMENT.

90. Principle of the Escapement.—There exists a
good deal of uncertainty as to who the inventor of this
escapement really was. The idea, without doubt, origi-
nated from the escapement of Dr. Robert Hooke, invented
near the close of the 17th century.

It was constructed in its present form by Pierre Le
Roy, but his claim to its invention was disputed by
Dutertre, another French watchmaker ; it was intro-
duced into this country by Thomas Tyrer, after whom it
was also called Tyrer’s escapement.

The escapement as at first constructed had two escape
wheels on the same staff or axis (whence its name), one
of which was used for giving impulse, and the other,
called the wheel of arréte, prevented it from running
past the staff when the impulse tooth escaped from the
pallet. The escape wheels were afterwards, as now,
made in one, having the impulse teeth projecting from
the plane, as shown in elevation in Fig. 15, I.

Fig. 15 is a plan of the duplex escapement; A is the
escape wheel ; B, the ruby pallet fixed in a steel disc,
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and o the ruby roller. The wheel is travelling in the
direction of the arrow, and, the tooth & having escaped
from the roller notch, the impulse tooth ¢ is giving
impulse through the pallet B.  When ¢ escapes from
B the tooth o will fali on the roller and rest until the
return vibration brings the notch of the roller ¢ round
to its point, when it will fall into the notch, sustain a
slight recoil, and, contributing a small amount of impulse,
pass out as at g (Fig. 15, IL), when the pallet B will
have moved sufficiently round to allow the tooth / to fall
upon it and give the long impulse as before. The two
impulses are technically called the great and small lift.

The duplex escapement is not well adapted for going
barrel watches from its extreme sénsibility to variations
in the motive force, and it was no doubt from this cause
that Le Roy and the other French watchmakers quickly
discarded it in favour of the cylinder escapement (which,
as I have before remarked, possesses a regulating quality
in itself), although they made many attempts to neutra-
lise the effects of this irregularity by making the ruby
roller extremely large, etc.

As the whole secret of obtaining isochronous vibra-
tions of the balance lies in its spring, the fewer obstruc-
tions placed upon the free vibrations of the escapement,
in the way of friction, etc., the better will be the per-
formance of the watch ; and this is the secret of the good
going of well made Duplex, Chronometer, and Lever
watches.

Theoretically the ruby roller cannot be made too
small, but it is found in practice that it must be made
of a certain size in order to obtain a safe rest, a suffi-
ciently deep notch, and adequate strength to withstand
breakage, and to prevent any bending of the staff, &c. ;
it should, however, be made as small as possible, subject to
these conditions being fulfilled.

91. Angular measurement of Lift.—The amount of
the great lift and the length of the pallet from its centre
are dependent upon the diameter of the impulse wheel,
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relatively to its distance between the centres. Of course,
if the wheel have less or more teeth the pallet would be
longer or shorter respectively.

A

cmmeamda
g

B
Fig. 16.—Angular Measurement of Lift.

Fig. 16 is a diagram showing the angular measure-
ment of the lift of pallets of respectively 4, } and } the
radius of the impulse wheel. A is the centre of the
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balance staff, and B the centre of the escape wheel. The
relative size of the wheel, it will be seen, affects the depth
of the intersection of the tooth in the arc traversed by
the point of the pallet. The desideratum is to ensure a
safe intersection and a sufficient lift, with the impulse
given as near as possible to the line of centres. This is
best secured by giving a lift of from 30° to 35°, which
would require a pallet of about a third of the length of the
distance between the centres, with a roller of a little less
than a third in diameter of the distance between the
points of two resting teeth. (See Figs. 17, 18, and 19.)

92. Running of the Wheel. — The train used in
duplex watches is invariably the 18,000, as in the
chronometer, and the balance usually vibrates nearly a
turn. Overbanking cannot take place with this escape-
-ment as it does with the cylinder and the lever; the
effoect of the balance vibrating too far will cause the
escapement to “run,” t.e., two or more teeth will escape
at one vibration, causing the watch to gain a few seconds,
as is the case with the chronometer escape.

Various methods were tried to prevent this running
or tripping of the wheel. The old-fashioned plan was
to fix a stud or pin on the balance staff just above the pallet,
having a slot cut in it into which a pin, fixed in the
staff, projected, allowing it to move a quarter of a turn.
This stud had a sort of pallet projecting from it, and, if
the balance moved more than half a turn either way,
this pallet came in contact with a banking stud or pin
fixed in the plate.

Another ingenious plan was that of having a loop
formed in the outer coil of the balance spring, which, if
expanded too far by the extra extent of the vibration,
came in contact with a pin in the arm of the balance,
and thus controlled the vibration. But this loop in the
spring was found to be very much in the way of its
isochronous adjustment, since it prevented the length
of the spring from being altered in the pinning in. 4

93. Duplex Escapement.—No modern duplex watches
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have any contrivance to prevent running of the escape-
ment ; its regular performance being best ensured by
careful wearing on the part of the person who carries
it. It is on this account, and because of the delicacy of
its parts, not well adapted for persons of very active habits,
or for those who hunt, ride, &c., but in the hands of
a careful wearer it is capable of very good results, in fact,
results such as few lever watches would give. A good
deal has been said about the liability of the duplex
escapement to set, but my experience is that a well-made
duplex watch never stops from this cause in the course
of ordinary wear. This setting of the escapement is
occasioned by the balance being brought nearly to a stand-
still by a jerk or twist given to the watch while in the
position of the escapement in beat with the motive power
off, and the long tooth falling on the roller while it has
little or no motion, and so stopping the vibration.

Thirty years ago, many of the watches made in
London were exported to America, and, as the United
States Government imposed a duty on completed watches
but not on those in an incomplete state, most of the
watches sent there had no cases, the movement being
completed ready for putting into cases. Most of the
movements were full plate ones and many of them had
duplex escapements, the duplex escapement being then
in great favour for what were called fine watches.

‘When we consider the delicacy of this escapement, its
unsuitability for a full plate watch, and the way many
of these watches were made, we may easily understand
why the duplex escapement got a bad name in that
quarter of the world, and also how it was the Americans
took to machinery, and made watches themselves. It
must have taken a good deal of ingenuity to devise so
thoroughly bad a watch as a full plate duplex, and what
was bad in the original construction was soon made
worse by the American jobbers and the fitters of these
movements to the cases. The consequence has been
that an escapement which is capable of and has given

K
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excellent results, has gradually gone out of favour, and
almost out of use.

94. Escape Wheel.—The duplex escapement has, as
may be seen, few parts ; the escape wheel, pallet, and ruby
roller may be said to form the escapement. The escape
wheel, having two sets of teeth, is difficult to make, and,
as it is of the utmost importance that it should be perfect
in all its parts, special tools and skill are required for its
production, and chronometer and duplex wheel cutting
has long been a distinct branch of watchmaking. This
wheel should be made of the very best and hardest brass ;
the long or resting teeth are sometimes cut with radial
faces, and sometimes tapering to a point back and front
from the rim of the wheel. The point of the face of the
impulse teeth should be exactly between two of the rest-
ing teeth, and those teeth should stand upwards out of the
plane of the wheel. They are in the form of a triangle,
with the faces undercut at such an angle that when the
points are at the commencement of the arc of intersec-
tion with the pallet, they are parallel to its face ; if they
are radial they will fall on the point of the pallet instead
of its face and cut very rapidly. The wheel should be as
large as possible, just freeing the arbor of the fourth
wheel pinion.

95. The Escaping Angle.—Watchmakers have dif-
fered greatly as to the best escaping angle for this
escapement, some advocating a shorter and others
a longer lift.. But it has been generally considered well
in this, as in other escapements, to avoid extremes,
and the lift prescribed, of from 30° to 35° at the
balance, has been found to answer best, giving as
long a free arc as possible consistent with avoiding the’
tendency to set. The proportions given in Fig. 19 are
what are usually adopted in the best escapements. In
Figs. 17 and 18 are shown wheels and pallets giving 24°
and 31° of lift respectively, but with such proportions the
intersection of the impulse teeth with the pallet is very
small indeed when the freedom comes to be allowed for
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(which would reduce the actual lift about 4°), which it is
not in the diagrams. Added to this, the risk of setting
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Fig. 20.—Action of escape wheel, with roller, &o., of correct proportions,

is greatly increased, and the escapement would have to
be constructed with very great accuracy to perform well
with such intersections, and even with the proportions of
wheel and pallet given in Fig. 19 the work must be very
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welldone. Therollersin the three diagrams(Figs. 17,18,19)
are about the size used in the best duplex escapement,
and allow of a secondary impulse of 97° at the balance

\/
|

]

Fig. 21..—Action of wheel with too large a roller.

or 6°at the wheel. This, taken off from the 24° through
which the tooth moves at each alternate vibration of the
balance, leaves an effective lift of 18° at the wheel, less
about 2°, which it is necessary to allow for drop and
freedom of the pallet in passing and re-passing the points
of the two impulse teeth, whose diameter it intersects in
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the space between them. If the centres are planted
farther apart there is a very shallow intersection of the
roller, which causes a good deal of engaging friction,

Fig. 22.—Action of wheel with too small a roller,

and is a source of danger from tripping, &c., and if there
is much play or shake in the pivots. Fig. 20 shows a
wheel acting with a roller of proper size. The impulse
tooth ¢ has just escaped the point of the pallet, and the
resting tooth  has just reached the outside of the roller,
against which it will remain until the return of the notch,

¢
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into which it will then drop, and, after sustaining a slight
recoil, it will traverse the arc a, a’, contributing the
small secondary impulse to the balance and escaping
at @/, by which time the impulse tooth # will have
advanced to ¢” and fall on the pallet, which will have
arrived at that point, thus losing none of the impulse in
drop, &c. Fig. 21 shows a wheel acting with too largea
roller, or rather it shows that it will not act at all, as the
tooth ¢, having traversed the impulse arc as far as it
can until its progress is arrested by the tooth =
coming in contact with the roller, is held in that position
until the return of the pallet, which will then catch it
and prevent any further action of the wheel.

On the other hand, with a roller excessively small, as
shown in Fig. 22, there is an excessive loss of impulse
arising from the large amount of drop either on the
pallet or roller, or on both; and by moving the pallet
round to decrease the drop on the pallet we increase that
on the roller, and vice versd.

Some writers on the duplex escapement advocate a
large amount of drop in order to get the impulse close to
the line of centres, and to avoid engaging friction ; but my
experience is that all unnecessary drop is a direct evil,
cauging a more rapid wear of the parts from the jar
consequent on the impact, and a falling-off in the arc of
vibration, and all that is necessary is to secure a safe
action.

96. Wheel Teeth. — In making this escapement
the wheel is taken as the basis of construction, from
which all the other proportions are taken; if the
radius of the impulse teeth be -7, that of the wheel,
the lifting angle, will be about 35°, which experi-
ence has proved to be the best for this escapement.
The impulse teeth should be as wide as the arc described
by the pallet will admit of, as should also the pallet,
which must be flat on the face, like the pallet of a chro-
nometer. The stone is often set in a shaped pallet, but it
i better to set it in a roller, such as the roller in a lever
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escapement, as it is more easily made, and there is less risk
of the stone being broken or loosened when the roller is
turned on the staff to adjust the drop. The size of this
roller is unimportant, but it should be large enough to
afford a secure setting for the pallet stone.

If the wheel teeth are quite true to each other, which
can be tested by putting it on a true arbor, and touch-
ing the tops of both sets of teeth with a peg, it may be
taken for granted that the wheel is correctly cut. There
is no other method of testing it but by its action when in
the frame. It may be crossed out with three arms, and
these arms and the centre should be made as light as
possible, the rim being bevelled off at the back for the
same purpose, and it should be carefully poised.

Though it has always been customary to polish the
long teeth of this wheel, and the rim between them, there
is more risk of spoiling the wheel by polishing the teeth,
and less reason for doing so, than there is in polishing
the teeth of the chronometer wheel. The teeth are polished
on & thin slip of hard wood held in the vice, with a thin
tin polisher, charged with fine red stuff, the edge of the
rim in the spaces being burnished as in the chronometer
wheel.

The depth for the fourth wheel and escape pinion can
be got in the depthing tool, and the distance be marked
on the bar under the dial. The depth for the wheel and
roller is of more importance, and should be marked off
with the utmost care. If a piece of steel turned true to half
the size of the roller be put into the depthing tool with
the wheel, and the tool be adjusted until the tops of the
teeth just free it, this will be the proper distance of the
wheel from the balance. The depth can now be marked,
and a small hole drilled, when the escapement holes will
be ready for jewelling,

The importance of properly steady-pinned cocks,
pointed out at p. 196, is of still greater consequence with
this escapement, since the least movement or alteration
in their position would render it useless.
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97. Pallet Roller.—The roller for holding the pallet
and the escape pinion can now be roughed out; the
pinion must not be long, and should have a deep hollow
cut in its face to prevent it from drawing away the
oil from the pivot hole. After driving a piece of brass
or gold on, and forming a collet, and fitting the wheel
tightly on this collet, the pinion may be faced and
pivoted. Now cement the escape cock on to a piece of
brass, and turn out in the mandrel a sink to free the
impulse teeth, taking care not to turn it too thin.

The steel for the balance staff should be of the best
quality. After carefully hardening and tempering it, let
the balance on to its place, and turn the seats for the
spring collet and pallet roller to size and polish them. The
roller is made with a short pipe at the back; it must be
carefully fitted to the staff, as, although it must be tight,
it should not be difficult to turn on the staff, the amount
-of the drop on the wheel tooth depending on the distance
between the pallet and the notch in the roller.

After pivoting the staff, turn down the lower part
of it from the pallet roller to receive the ruby roller.
This is a delicate operation, and requires great eare, as
the staff is at this part no thicker than a pivot. It is
reduced on a bed in & rimmer in the turns with a steel
polisher and sharp stuff, A small ferrule, a weak bow
with a fine hair, lessen the risk of breaking. The roller
must be fitted well, but easily, as if it is tight it will
break, and if too loose it will not be quite true when it
is shellaced on the staff.

The diameter of the roller should be about 29 of
-the distance between the points of two of the resting
teeth of the wheel, but the size may be varied a little to
suit the pitch of the wheel. Escapement makers usually
have a few rollers which have some defect, by which they
.get the exact size of the roller required ; there being no
absolute size for theroller, the planting of the escapement
to some extent determines it.

The notch must not be too wide, as if so the recoil of
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the wheel is increased when the tooth falls into it in the
returning vibration of the balance (a wide notch also
increases the liability of the escapement to trip), but the
teeth should have shake in every position of the notch to
the wheel. The edges of the notch should be slightly
rounded off and the roller well polished.

The roller is fixed with shellac, a brass cap a little
larger than the roller being fitted to the end of the staff
below it, and fixed in the same manner. This cap
strengthens the roller and staff, and helps to secure the
roller in its place.

The balance must be rivetted before the roller is
shellaced on, and the notch kept in such a pesition that
the timing screws at the balance arms will be in a line
with the pendant when the watch is in the case, as it is
often necessary to alter these screws to bring the watch
to time in positions, and with the shorter and more
uniform vibrations of the balance with a duplex escape-
ment, there are not the same objections to putting it a
little out of poise that there are in a more detached
escapement, where the balance has a longer arc of
vibration.

The heat for melting the shellac that fixes the roller
and cap must be communicated to the staff by holding
the arm of the balance in a pair of long-nosed pliers or a
Swiss pin-holder, filed so as to grip the balance arm.
The pallet should be close to the rim of the wheel, but
free from it in all positions ; it should be in a radial
line from the balance staff, and the pallet stone should
be parallel to the acting faces of the impulse teeth of the
wheel at the commencement of the arc of intersection.

These impulse teeth should be accurately cut, and at
equal distances from one another. The excellence of this
escapement depends more on this than on anything else.

The pallet should just be free of the top of the im-
pulse tooth when it is brought round to receive the
impulse, and be the same distance from the same tooth
when the next long tooth is resting on the roller.
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The impulse tooth should only have perceptible
drop on to the pallet when the balance is passed gently
Jrom the wheel, but the pallet must free the tooth if a
peg is put inside the rim of the balance, and a tooth is
allowed to escape while the balance staff is pressed to the
wheel. If the wheel is tried all the way round, and
each impulse tooth falls on to the pallet with the peg
outside the balance, and the pressure, therefore, is in the
direction of the balance pivots, there will be no fear of
the impulse tooth missing the pallet, as the balance at
this point will be travelling so fast that the pallet will
get some distance in front of the tooth before it receives
the blow, and a very little drop on the pallet of a duplex
escapement materially shortens the arc of vibration of
the balance.

The pivots of both the escape wheel and the balance
must fit the holes very well, and have only perceptible
side-shake, and the end-shake must also be very little.

Duplex escapements are said to wear rapidly, but I
have duplex watches that have been going for more than
twenty-five years with scarcely noticeable wear in the
escapement. '

That some of them have cut and worn rapidly may
be easily understood from their construction. The im-
pulse teeth, even in full plate watches, were as narrow
as possible, although there was here no stint of room,
with a thin, steel pallet (appropriately called a hook),
rounded on the face and end. The wheel—not always
of the best—had too much drop on the pallet, and the
wheel cutting the pallet, and the pallet the wheel, it
soon grew too short, and a new pallet being difficult to
make, the jobbing expedient of knocking the cocks nearer
to catch each other, finished the escapement,
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CHAPTER XII.

CHRONOMETER ESCAPEMENT.

98. Early Forms of Escapement.—The principle of
the chronometer or detached escapement was invented
by Pierre Le Roy, about the year 1747. It was subse-
quently improved upon by Berthoud and by John Arnold,
and was perfected by Earnshaw.

The first chronometer escapements had the passing
spring fixed to the roller, but Arnold and Berthoud
transferred it to the detent. The detent worked on a
pivoted arbor, having a spiral spring round it to bring
it back into position after it was released by the small
passing piece or pallet. Earnshaw improved upon this
by doing away with the arbor and making the detent
and spring in one piece, as shown in Figs. 23 & 24. The
escapement of John Arnold is thus described in the
specification of his patent, 1782 :—

“The tooth of the balance wheel a [in the drawing
accompanying the specification] is an epicycloid [no¢
a cycloid, as described by some writers] that acts upon
the pallet B, which in the part of action is a straight line
from the outer edge of the pallet to the centre of the
verge. The scape wheel rests on a single pin, whilst the
balance is vibrating until it is unlocked, to add new im-
pulse to the balance.”

"~ The unlocking of this escapement took place inside
the wheel, the acting curves of the teeth being raised
from the plane of the wheel, as in the duplex, for this
purpose. The escapements of Earnshaw had different
shaped teeth, and, as in those now constructed, the un-
locking took place outside the wheel. In modern chro-
nometer escapements the teeth are also raised from the
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Fig. 23,—Chronometer escapement (plan).

o]

plane of the wheel, but this has nothing to do with the
locking, and is only to give a greater wearing surface to
the teeth and a light wheel.
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99. Present Form.—Fig. 23 is a diagram of the
escapement as at present constructed. ¢, the escape

wheel, is arrested in its
course by the stop b,
which is a hard stone
fixed in the detent ; the
pallet ffixed in the small
roller ¢ is just commenc-
ing to effect the release
of the wheel by drawing
the detent out from it in
the return vibration of
the balance. 'When the
tooth e is thus released,
the pallet D in the large
roller will have arrived
at a position a very little
in advance of the tooth
7, which will fall upon
it, and thus give impulse
to the balance. In un-
locking, the detent bends
at a, which is a spring
formed in one piece with
it.. The spring m n is
fixed to the detent at m
by a screw. This spring
projects a little beyond
the nose of the detent
proper, and the pallet £,
in the return vibration,
lifts this spring and
passes it without its
having any perceptible
retarding effect; it is

Fig. 24—Chronometer escapement (elevation).

made very weak and usually of gold. The detent is
* sprung slightly on to a stop at s, which prevents it

from going too deeply into the wheel.

This stop, which
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is not shown in the diagram, is a screw fixed in a
separate arm of brass screwed on to the plate. It
was formerly formed of a solid piece of metal, which was
screwed on to the plate, but this was altered partly on
account of the trouble of adjusting it to the required
depth and partly because, being rigid, the repeated blows
upon it of the detent produced a certain (or, rather, an
uncertain) amount of adhesion very difficult to calculate
upon. It will be seen that this escapement, like the
duplex, allows the impulse to be given only at alternate
vibrations of the balance. ]

100. Lift.—As with the duplex, the requisite amount
of lift governs the relation of the diameters of the escape
wheel and of the arc traversed by the impulse pallet to
one another. In marine chronometers, with their slow
trains and heavy balances, the amount of lift found to
be best is about 45°, while in pocket watches the maxi-
mum allowed is 40°. Escapements allowing of lifts of
respectively 45° and 36° for marine and pocket chro-
nometers are what are usually made by our best chro-
nometer makers. With a lift of 45° the radius of the
pallet arc is about half that of the escape wheel (with a
fifteen-toothed wheel). The complete arc of vibration is
about 430°, or, as it is generally expressed, a turn and a
quarter, in both marine and pocket chronometers. To
avoid the risk of setting, the 18,000 train is used in the
latter instruments, while the former have the 14,400
train, principally on account of the beats occurring at
intervals of half a second rendering it more easy to
observe accurately; the slow train also allows of a
heavier balance being used, which is a gain in an instru-
ment that always remains in the game position, the
momentum, being greater, giving a steadier rate.

As the relative sizes of the roller and escape wheel
are dependent upon the lift, so are the proportions of the
detent, the radius of the arc described by the lifting
pallet, and the locking depth of the detent stop in the
wheel dependent upon one another.
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It is evidently advantageous to have the locking of
escapements as nearly tangential as possible (other con-
ditions apart), and this condition would be best obtained
in the one under discussion by having the stop fixed in
the detent at such a distance from the end that it would
intercept the fourth tooth from the pallet (inclusive), as
may be seen in the diagram ; the point of the fourth
tooth being only a very little in advance of the vertical
radius of the wheel, while that of the one now resting on
the stop is considerably behind that line.

101. Long and short detents.— And here is in-
volved the whole question as to the relative merits of
long and short detents, which is, after all, merely a me-
chanical question embraced in the theory of the second
order of lever, which the following diagram (Fig. 25)
and proposition will expound : —

Let Fa B represent a detent reversed ; the point A
is the stop which is required to be drawn out from the
wheel after it has arrested it; P is the power of the
lifting pallet to effect this; w is the weight (or the
resistance of the spring and the friction of the wheel on
the stop) to be overcome, and F is the fulcrum of the
lever (or the bending point of the spring).

Let AF =aand BF = b.

P
F o et =
N =8
AN * B
"o
Fig. %5.
Then the equation of equilibrium is
Pa = Wb,

or Moment of P about ¥ = Moment of w about F.
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If two forces act on a lever, they will balance when
their moments about the axis are equal, and it is evident
that (assuming P and w in the diagram to be in equili-
brium) by moving the stop A nearer to the fulecrum r we
should overcome the balance in favour of p, and wice
versd. With a given wheel and roller, therefore, which
determines the distance A B, it is clear that the nearer
is to the stop A the less will be the resistance offered to
the unlocking. On the other hand (as to afford a safe
locking, the stop must intersect the wheel a certain dis-
tance), the nearer F approaches A the longer will the
lifting arc of the lifting pallet require to be, which would
increase its diameter, or, by deepening the intersection
with an arc of the same radius, give it a more oblique
action, and also keep it longer in contact, the one retard-
ing the vibration and the other interfering with the
detached properties of the escapement. An extreme in
the direction of very short detents should, therefore, be
avoided.

An extremely long detent would have to be made
considerably heavier to give it rigidity, and—in order
that it should fly back instantly on being released from
the lifting pallet—the spring correspondingly stronger,
both offering greater resistance to the unlocking and to
the good ormance of the escapement, in which all
the parts for obvious reasons should be made as light as
possible. Moreover, the centre of percussion or of oscil-
lation of the detent, where the stop should act, would be
below the steel piece wherein the stop is fixed, and some
other arrangement would have to be made for the bank-
ing of the detent, which would otherwise not stop dead,
but be in a continual state of vibration.

The proportions of this and every escapement cannot
be determined by any mathematical rule until the
functions of each part have been carefully considered.

. The other proportions of the escapement being fixed,
the total length of the detent must be determined by
(1) the distance of the stop from the free end and the
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depth necessary to ensure a safe locking, and (2) by the
lifting power relatively to the resistance offered by the
spring of the detent and the friction of the wheel teeth
on the stop.

The impulse roller is always made of the diameter
of the arc described by its pallet, having a piece cut
out of it, as shown at b, in Fig. 23, to allow the es-
cape teeth to pass. This not only facilitates the setting
out of the escapement, but is a necessary precaution
against the wheel teeth coming in violent contact with
the detent (in the event of the pallet action failing and
the wheel running), which they would distort and perhaps
break, as may be seen when the staff of a chronometer is
broken by accident.

102. 8ystem of Manufacture.—Although the prin-
ciple of the ship’s chronometer has undergone very
little change since the time of Earnshaw, the system
of manufacture has been greatly altered during the
last forty years. Many of the chronometers belonging
to Government and kept at the Greenwich Observatory
are by the early chronometer makers, and, as these
men made the movements themselves, they also made
the style of their work as distinctive as possible;
their chronometers were generally smaller than those
of the present day, many being made to go thirty hours
only. When movement making became a distinct trade
the sizes were made uniform, and a small and a large
“two-day ” movement was adopted in addition to the
‘“eight-day ” then more frequently made, The smaller
size has gradually disappeared, and the large * two-day "
is now the standard ship’s chronometer. This uniformity
of size simplified the manufacture by systematising it,
and greatly reduced the price of chronometers, as for all
practical purposes the sizes of the various parts are the
same, although made by different movement makers, and
are approximately as follow :—The dial is 4 in. in
diameter, the barrel being as large as the frame and
box will admit, from 16 in. to 19 in. in diameter and

L
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‘75 in. in height; thke great wheel is about the same
diameter as the barrel; this barrel will take a spring of
sufficient strength and length to keep a chronometer
going for fifty-six hours, with a balance of 1:25 in.
in diameter and weighing -35 oz. ; these relative sizes of’
the barrel and balance are found from experience to
answer best, and are generally adopted. The size of the
escape wheel should be about *56 in., and a roller half
the size of the wheel will give a lifting angle of 45° at
the balance, this arc being greater than is adopted for
pocket chronometers, there being no chance of a marine
chronometer setting from external disturbance.

1t is not usual for escapement makers to make their
own balances (it would not pay them to do so), but there
is no difficulty in it, if they have the proper tools and
wish to make experiments. A balance for a “ two-day "
chronometer will be supplied the proper size and propor-
tions by any balance maker.

The escape wheel should be made from a piece of the
best brass, well hammered, and a hole the required size
be drilled and broached (but not after the teeth have
been cut) carefully ; it should then be turned on an arbor
to the above diameter, true, and flat on the sides to about
*065 in. in thickness, when it is ready to have the teeth cut
on it. The teeth must diverge about 20° from the radial
at their faces, in order that the point only shall come in
contact with the impulse pallet, and that the tooth shall
have a tendency to draw the stone on which it locks
towards the centre of the wheel.

The roller is made of steel, in the same way as the
brass disc for the wheel ; care should be tauken in broach-
ing the hole in the roller as in the wheel, and it should
be left the proper size at once, as broaching afterwards
" is likely to put it out of truth. The wheel disc and the
roller must not be turned on the common Swiss arbor ;
they are not true enough, nor of a proper shape; the
arbors must be tempered ones, turned true after they
Yave been tempered.
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The roller must be as much as it will lose in polish-
ing larger than half the diameter of the wheel, and a
little thicker than the wheel disc—about ‘08 in. When
the wheel is cut, the depth can be marked off and the
frame jewelled.

Now put the fourth wheel and escape pinion in the
depthing tool, and, after adjusting it for a proper depth,
mark it off from the fourth wheel Lole by a circular score
on the underside of the top plate. This depth is not very
important, as the finisher will have to run it over again,
and he need not work to the fourth wheel hole ; but the
wheel and roller depth requires great care in pitching,
as after the holes are jewelled they cannot be altered.
The hole in the potance should be turned out in the
mandrel, the wheel and roller mounted on temporary
arbors and put into the depthing tool, and the tool
adjusted until the roller lies between two teeth without
any shake, but free. The tool must be held perpendicular
to the plate when marking off this depth, and where the
circle intersects the one already marked on the plate will
be the place for the escape wheel, when a small hole
should be drilled, and the frame jewelled for the escape
pinion and balance staff holes. The jeweller must take
his uprights from the holes in the potance and top plate.

Cement the escape wheel on a piece of flat brass, and
turn out the centre right up to the teeth, leaving no
ring, so that half the thickness of the teeth stands above
the plane of the wheel at the top (as shown in elevation
in Fig. 24). This sink lightens the wheel, while it leaves
the points, or acting parts of the teeth, wide enough.
The wheel may now be crossed out. Escape wheels are
generally crossed with three arms. It is a common
practice to polish the teeth of the escape wheel, and a
worse practice could not be adopted; it is not only
useless but mischievous, as perfect truth of this wheel is
indispensable to a good escapement. The backs of the
teeth are polished with a tin polisher, the wheel having
pieces of brass fitted on each side, and being fixed in a
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swing tool, and the bottom of the space between the
teeth burnished. If the escape pinion be not quite true,
it must be made so by filing the centres of the arbor,
after which new centres should be turned, as filed centres
will not keep true if worked upon. Turn the arbor to
its proper size, and drive a brass collet on for the escape
wheel ; this collet must be quite close to the end of the
pinion arbor. The fourth pinion should be pivoted a
good distance above the pillar plate to allow of its wheel
freeing the centre wheel and the third wheel pinion.

103. Marine Chronometer Escapement.—The me-
thods used for obtaining the lengths of arbors or staffs
that have holes with end-stones in small work, are not
available in large chronometers, and, it being important
that these heights should be obtained with certainty and
exactness, various appliances are used for the purpose.

Fig. 26 represents a simple tool I made to take these
heights with. It consists of a very small brass tube,

somewhat resembling a pencil-case, with a

pivot fixed in a short plug at one end, and

into the other fits a piece of brass, friction-

tight, with a pivot at its extremity. These

pivots are small enough to go into the balance

staff holes, and by drawing the centre out of

the tube until it is a little longer than the

distance between the holes you wish to work

Fig. 26— YO the pivots can be put into the holes, and

Tool for the cock or plate pressed into its place; this

Hoeuns will give the exact distance between the end-

stones and the length required. But practical
escapement makers rarely use tools for this purpose.

The pinion may now be faced and pivoted, and the
arbor polished ; the wheel must be just free of the top
plate, and very tightly fitted on the hrass collet before it
is rubbed on, otherwise it will not be safe,

The sink in the top side of the wheel is finished grey
with a paste formed by rubbing two pieces of blue stone

together with a little oil on the face of am Wwory chacek



Chap. XTL] CHRONOMETER ESCAPEMENT. 165

or it may be greyed with a bow and drill stock and a
piece of ivory fitted as a drill. Before polishing the back
of the wheel, a piece of brass should be fitted to the sink
in front, and cemented into it to prevent the wheel from
springing and being made too thin in the middle. The
balance staff of a marine chronometer has the balance
screwed on to it, instead of being riveted, and for that
purpose a large brass collet is driven on to the roughed-
out staff about half way. The staff should be treated in
the same way as the pinion, and turned down for the
impulse roller. As the balance must be kept close to
the top of the plate, and the impulse roller just flush
with the under side of the plate, the heights are easily
obtained.

The hole in the balance is usually larger than
there is any need for the statf to be, and a seat is turned
on the brass collet for the balance, which is fixed to the
collet with two screws, whose heads are counter-sunk in
the arms. The seats for the spring collet and impulse
roller may now be finished, and the lower part of the
staff, on which the small or unlocking roller has to be
fitted, turned down ; this portion of the staff should be
turned small, as the unlocking roller is not more than
one-third the diameter of the impulse roller. The pivots
should fit the holes, so that the loose jewel holes will
fall off them with their own weight, and should
be just long enough to project through them.

104. Pivots.—Conical pivots may be made
much smaller than straight ones, as they are
much stronger from their shape; but pivots of
this form have a tendency to draw away
the oil from the holes by capillary attraction, the |
pivot tapering gradually from the size of the wig, 27,
arbor. To prevent this, in all good work, what is Cgnical
called a back-slope is made in the form of Fig. 27.

_ This is generally looked upon as a mere ornament, but
it is essential, as if too much oil is put to a hole the arbor
will certainly draw it away if its thickness is nok vednesd
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at the pivot end in this way. There has been much con-
troversy amongst watchmakers as to the proper shape of
pivots, but theorising on this subject without practical
experience is worse than useless, and the first lesson ex-
perience teaches is that the best pivots are those which
stand best.

A shape of pivot strongly recommended by several
theorists and cscapement makers for reducing the side

retardation is shown in Fig. 28. It looks very

well on paper, but, as it is larger at the end, the

actual side friction will be greater than with a

conical pivot having its acting part straight, and

it is also weakest just at the bending or breaking
Fig. 28. part, and if it is left flat on the end, as recom-

mended, to equalise the side and end friction,
the least, contact with the edge of the hole will injure it
sufficiently to prevent any good performance of the watch
or chronometer. A good pivot should be so hard that it
will break instead of bending, the portion of it that fits
the hole being quite straight, and the cone should come
close to the end of the pivot, as the acting part of the
pivot is very short. The holes for conical pivots should
be of the shape shown in Fig. 9, so that if they are not
exactly opposite and parallel to each other, the edges of
the holes will not, when in certain positions, grip the
pivots and thus bind the staff.

105. Locking S8tone.—The impulse roller should now
have the slot made in it to hold the stone: it must be cut
in a radial line and the stone fitted tightly, the outer edge
of the stone just coming to the edge of the roller. Many
good chronometers have been and are made without a

-stone ; they will go for years without the impulse face

being marked if it is left hard, while if cut a little it is
easily polished. Many of the old chronometers had no
stone, and the pallet face was not in a radial line from the
centre, but was undercut ; this was a mistake, as it gave
the wheel teeth too much drop, cutting the face of the
pallet, and diminishing the arc of vibration of the balance.
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‘When the stone is let into the roller the crescent to admit
the teeth of the wheel can be filed out; there must be
sufficient freedom behind the stone to allow the tooth to
get away in case it misses the pallet, and the space in
front of the stone should be only a little less than the
distance between two teeth of the wheel. The small or
unlocking roller has now to be made, and let on to the
staff ; its diameter should not be more than a third of
that of the large one, as the unlocking stone must project
beyond it, making its actual diameter nearly half that of
the large one, and it must not be more. This stone is
sometimes made the same shape as the impulse stone, but,
as it must lift the gold spring in passing and unlocking
nearly the same distance on each side, it is best to be
rounded off on each side like a thin tooth of a wheel.

If a circle is struck off on the top plate the exact size
of the wheel, and the wheel and balance staff, with the
impulse roller on it, is put into the frame, there will be
little space or shake between the two teeth of the wheel
and the roller. Draw a line along the face of the third
tooth which is to rest on the locking stone, and where
this line cuts the circle describing the size of the escape
wheel, will be the place for the locking stone. A straight
line drawn across the centre of the mark made for the
locking stone from the balance will give the line on
which the detent must be planted.

106. The Detent.—The reasons givenon pages 129,130,
point out the advantages of short detents, and they are
fully borne out by the experience of modern chronometer
makers, Detents are usually made ‘8 in. in length, measur-
ing from the tip of the gold spring to the lower end of the
detent spring proper, the length of the foot being of no
consequence ; this length may be divided into four, one
part for the horn, that is, from the tip of the gold spring to
the locking stone, one for the spring, and two parts for the
blade. The detent must be made of the very best steel,
the hole for the locking stone drilled and broached to the
size of the stone, and the hole in the foot for fixing it to
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the plate drilled and tapped. If the hole for the locking
stone be brought over the mark made on the plate, and
the hole in the foot on the line drawn to fix its position,
the hole in the plate may be drilled ; this hole should
then be filed into an oblong slot, in order that the detent
may be moved a little nearer to or farther from the
balance holes, and the body of the screw for fixing it left
plain and fitted to the slot. The stud into which the
banking screw is fixed must now be filed up and planted
along the outside of the detent, the place for the
banking screw marked, and the screw fitted. The bank-
ing stud must not be left too rigid ; the banking screw is

. put in from the side next to the escape wheel ; the pipe
in the detent which holds the locking stone projects con-
siderably beyond the blade of the detent (see Fig. 24),
and rests, or banks, against the inside of the head of the
screw ; the screw head should be large enough to just
free the unlocking spring, and the pipe should rest on
the outer edge of the head so that the banking may be as
near the locking of the wheel tooth as possible. ~As the
screw must be very steady (but not hard to move) for
the adjustment of the depth, it is best to make a slit
with a fine saw from the end of the banking stud into
the screw hole ; the sides of the stud can then be squeezed
in a little and the screw will hold spring tight.

Although there is here (unlike the escapement to
pocket chronometers) plenty of room, the detent should
be made as light as possible, the spring should be broad,
and the blade stepped down from it, so that the wheel
tooth, when resting on the locking stone, shall be in a line
with the centre of the spring. This is the principal
thing to be kept in view in filing up and planting the
detent ; therefore the pipe must not be in the centre of
the blade, but outside it, as the stone is for strength
much wider than it is required to be for locking the
wheel. The detent spring must be weak enough not to
offer too much resistance to unlocking the wheel, but it

must be strong enough to resist bending {rom the yressure
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of the wheel and also to return quickly to the banking
screw when the unlocking stone is drawn out from the
tooth. This power of returning does not depend alto-
gether on the strength of the spring, for if the detent is
long and leavy, it will not return quickly, even should
the spring be a little strong. There should, therefore, be a
correct proportion between the strength of the spring and
the weight of the detent., If the detent when finished is
held and deflected at the point half an inch, it should
vibrate four seconds before coming to rest; this, how-
ever, is one of the things that experience alone can
teach.

CHAPTER XIII.

POCKET CHRONOMETER.,

107. Preparing the Different Parts.—In a three-
quarter-plate pocket chronometer the diameter of the
balance should in no case exceed that of the barrel, and
the width of its rim should be ‘6 of that of the main-
spring ; the length of the screw head and the thickness
of the lamine, together, should be equal to the width of
the rim.

The escape wheel should be *45 of the diameter of
balance, and the roller about ‘04 more than half the size
of the wheel. The wheel should be made first in the
following manner. Take a piece of the best brass, well
hammered, fix it in the mandrel and centre and drill a
small hole in it ; turn the brass flat on the sides, and cut
out a disc very little larger than the wheel required ; it
can then be put on an arbor and turned on the top and
sides to the required diameter and thickness (about -04
of an inch); the arbor should be perfectly true and
tempered.

‘When the wheel is cut, rough out the roller, \esxog,
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it a very little larger than it will be when finished, and
somewhat thicker than the wheel, and drill the hole for
the balance pivot half way between the centre hole
in the plate and its inner edge, and a sufficient
distance from the fusee to keep the balance quite
free of the chain. If the fourth wheel hole coincides
with the seconds pivot hole in the dial it may be worked
from, but if not it must be stopped and another
hole drilled exactly in the centre of the dial hole.
The fourth wheel and escape pinion depth being got in
the depthing tool, a score must be made marking this dis-
tance on the dial side of the bar, and the escape wheel and
roller depth being obtained by fixing them on temporary
arbors in the depthing tool (allowing the roller to lie
between two of the wheel teeth without shake), this dis-
tance should also be marked on the bar; the point where
the scores intersect one another will be the position for
the escape hole.

The cocks having been steady-pinned (page 196), the
escape cock should have its thickness reduced in the man-
drel to about ‘05 of an inch, and a circle sufficiently large
to free the wheel and about two-thirds of its thickness
should be turned away from the under side of the cock,
and the cock must be stoned-up flat, when it will be fit
for jewelling. As there is no boss for a regulator or index
left on the balance cock, all the further preparation that
is necessary is to turn it down till its top side is in the
plane of the pillar plate ; that is, if the pillars are high
enough to allow sufficient space for the cylindrical spring
usually applied to pocket chronometers, if not, the cock
must be left sufficiently high for that purpose.

The sink for the fourth wheel +h>uld be turned out in
the bar before sending it to the jeweller to about ‘03 of
an inch for his setting, otherwise he may make his setting
too thick ; the end-stones to the escape wheel hole in the

bar should be set in steel, the setting and screw heads
" being left projecting above the bar. The escape wheel
should be cemented on to a piece of brass, and the upper



Chap. XIIL] POCKET CHRONOMETER. 171

side of it turned away in the mandrel to about half its
thickness right up to the teeth, as directed for the marine
chronometer escape wheel, to lighten it. The rim should
be divided into three, and the wheel crossed out; by
clamping it between two small discs of brass in the swing
tool the backs or hollowed parts of the teeth may then be
polished with a thin tin polisher and fine red stuff, and
the spaces between them burnished with a narrow bur-
nisher.  The escape pinion and balance staff can now be
proceeded with: the pinion should first beshortened toabout
twice the thickness of the fourth wheel, which gears into
it, and have a deep hollow cut in its face, to prevent the
oil from the pivot hole from getting into it. The other
side of the arbor must now be turned down and the
collet for the wheel driven on to it; this collet is usually
made of soft steel, but gold is better.

There is little difficulty in getting the height, as the
pivot must be as close to the pinion as possible, and the
wheel let on to the collet so that it will come close to the
pillar plate. 'When the lower pivot is the proper length,
the total length for the pinion can be obtained by mea-
suring from the outside of the jewel holes with the end-
stones taken off with a douziéme tool, which, for greater
accuracy, should have a vernier slide gauge attached to
it. 'When the balance staff is roughed-out and tempered,
the balance can be let on to its seat, and the staff
shortened until the balance is sufficiently free of the
escape cock to allow for the length of pivot that will go
through the hole. When the pivot is made, the arbor
may be polished and the roller opened until it will go on
to its place on the staff ; the staff must be turned down
small below the roller for the small unlocking roller,
which, as in the marine escapement, is about a third of
the diameter of the large one, when this roller can also be
made and let on to the staff. The impulse roller can be
cut with a file or cutter in a radial line, and the stone
fitted. It must fit tightly and be perfectly square on its
face to the balance staff, a crescent being cut out of the
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roller’s circumference to permit the tooth to fall on the
pallet ; two-thirds of this crescent should be in front of
the pallet. The roller, if the proper size, can now be
hardened and tempered (it should be let down to a blue),
and finished, the stone being fixed in with shellac.

The point or edge of the pallet must be exactly in the
circumference of the roller ; if a hole is opened in a piece
of brass to the size of the roller the pallet may be pressed
against the side of the hole while the shellac is warm,
which will bring the outer edge of the stone in this
circle.

The small roller may be proceeded with in the same
way : the notch for the stone must be cut nearly to the
centre ; the stone should be of the form of a very thin
wheel tooth, and should not project to more than half the
diameter of the impulse roller. Before this roller is
hardened, a part of its circumference is filed flat, to avoid
the risk of the pliers slipping on to the stone while the
roller is being shifted to regulate the drop of the wheel on
the pallet.

108. Spring Detent.—The spring detent is, of course,
the important and critical part of the chronometer escape-
ment, and it would be a mere waste of time for any but a
good workman to undertake the making of one. Draw a
circle the exact size of the escape wheel on the plate, and
put the wheel and the balance staff, with the roller on it,
into their places, by holding the wheel with the fingers in
such a position that the roller is free of the tooth on each
side of it ; a line may then be drawn on the plate with a small
point along the face of the tooth that would be resting on
the locking stone of the detent ; the point where this line
intersects the circle drawn on the plate shows where the
locking stone must be placed,and a straight linedrawn from
the centre of the balance hole across this point will show the
exact position in which the detent must be planted. The
best cast steel should be used for the detent, as, if it
will not harden at a low temperature, it will be useless.
I have found Huntsman’s steel the best for this and other
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purposes where a similar quality of steel was required.
The length of this detent is easily determined : it must
not extend beyond the edge of the plate, and must be
made short in order to secure lightness. If the foot of
the detent be stopped down until the lower part of the
steel touches the fourth wheel, the filing-up can be pro-
ceeded with. 'When the greater part of the steel is
removed from what is to form the blade and spring, the
hole in the foof can be marked and drilled, and the hole
for the screw in the plate also drilled ; the distance from
this hole in the plate and the mark already made to deter-
mine the place for the locking stone can he marked
off on the detent and the hole for the stone drilled.

The blade of the detent must be kept free of the
underside of the escape wheel, but the spring should be
twice the width of the blade, half the width standing
above the blade in the plane of the escape wheel ; at the
place where the hole is drilled for the locking stone a pipe
18 left, so long that it is only free of the fourth wheel ; this
pipe rests against the banking, and also enables the locking
stone to be securely fixed. It must be outside the blade
of the detent, for the same reasons given for that of the
marine escapement.

109. Banking Piece.—When the detent is so far
advanced, the banking piece should be made. The usual
form now in use is what is termed the horse-shoe, which
may be made in the following manner :—

Turn out a sink in the pillar plate round the balance
staff about ‘03 of an inch in depth, and as large as it can
be made without going into the sink for the centre
wheel. Take a piece of sheet steel, thicker than the sink,
as the projecting arm that is to receive the banking screw
must go below it ; make a hole in the steel piece large
enough to free the unlocking roller, and a circle on it the
size of the sink, then file and turn it to fit the sink,
leaving an arm projecting for the banking screw. This
arm should be placed in a line with the detent and close
to it, and the banking piece should be fixed to the plate
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with two sunk-headed screws, and both screws and
banking piece be somewhat below the plate when finished.
Make the arm of the banking piece just free of the
fourth wheel, and the place for the screw will be seen
from the mark already on the plate for the locking stone.
The arm must now be drilled and tapped, and fitted with
a small gold screw, having its end turned off to free the
gold unlocking spring ; this screw must be fitted very
tight, and the banking piece should be very well fitted
to prevent any possibility of its being shifted, which
would alter the depth of the locking stone in the wheel
The hole in the foot of the detent is filed into an oblong
slot, and the screw to fit it to the plate is made with
a plain part to fit exactly the width of this oblong. If
the locking stone be temporarily fixed in the pipe with a
half-round pin, and the escape wheel and balance, with
only the impulse roller on the staff, and the banking stud
be put into their places, the position for fixing the detent
in can be tried by moving it towards the roller until
the escape wheel tooth is resting on the locking stone,
and the roller is just free of the tooth on each side
of it.

The position of the banking screw had better be tried
before the stud is hardened, as it will be easier to alter
it then than afterwards. When its position is deter-
mined, and the detent fixed by the screw in its foot,
the hole for the steady pin can be drilled, and after
drilling and tapping the small hole in the blade for the
screw which fixes the unlocking spring, it can be
hardened ; it is best not to make the spring too weak
before hardening, but to reduce it afterwards. The best
way to harden it is to tie two pieces of thin brass, one on
each side of the spring, with fine binding wire, using a
charcoal fire and water ; the tempering may be done by
blueing, but the safest way is blazing in oil, letting the
oil ignite freely, and after the flame is extinguished,
allowing the detent to cool in the oil, when it may be
finished. It should be made flat and square with a steel
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polisher and oilstone dust, and reduced to the necessary
dimensions (of course, the lighter the blade is made, the
thinner the spring may be), after which it may be
finished,—the grey parts with fine emery and brass or
tin polishers, and the polished parts with zinc polishers
and diamantine.

After having ascertained the angle at which to set the
face of the Jocking stone (it should be set back so that
the tooth of the wheel will draw it up to the banking
screw head), it may be permanently fixed in the pipe
with a half-round pin and shellac ; it should not be quite
upright, but inclined at such an angle that the lower part
of the wheel teeth lock on it close to the detent. This
will prevent any springing of the detent, by getting the
pressure near the middle of the spring.

110. The Unlocking Spring.—The unlocking spring
is usually made of gold, hammered very hard; it is at-
tached to the detent by a very small screw close to the
spring ; and, instead of a hole in the end for this screw, a
notch is cut, the size of the screw, to allow of the spring
being adjusted for the unlocking lift. The gold spring
must not be wider than the blade of the detent, except at
the ends, where it is also left thicker than in the middle,
and it must be weaker than the detent spring. It should
lie close alongside the detent, but should only touch it
where the end is screwed on, and at the extremity of the
horn against which it rests; it is slightly bent, or sprung
on, so as to return to its place against the horn when the
unlocking pallet moves it away in the return vibration
of the balance ; its end must be carefully filed up and
finished, and it must lie horizontally in order that the
unlocking stone may come fairly on its side. The lift of
this spring must be only perceptibly less in passing than
in unlocking, since, if the passing lift is very little, the
unlocking will not be certain, and the spring should be
only left long enough to carry the detent just perceptibly
beyond the point where the wheel teeth drop from it.

‘When the escapement is completed the detent is set
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on to the banking; this may be done in the process of
polishing, or, if this is thought dangerous, by heating
a piece of steel or brass wire in the flame of a spirit
lamp, holding one end in the vice, and bending the
spring of the detent against a part of it that is not too
hot, and pressing it there until it becomes a straw colour,
allowing it to cool in that position, when it will retain
the bend or set thus given to it; there is no risk of
breaking it in this way.

It must be remembered in making the chronometer
escapement that, the balance being more detached from
the train than in any other escapement, and the inter-
section of the parts that give and receive the impulse
being consequently less, the greatest accuracy must
be observed in making and trying all the actions and
parts.

CHAPTER XIV.

THE LEVER ESCAPEMENT.

111. Double Roller Escapement.—Fig. 29 shows the
plan and elevation of the lever escapement. A is the
balance, B B’ the lever; c, the escape wheéel; m m/, the
pallet ; ¢, the ruby impulse pin ; ¢, the impulse roller ; ¢/,
the small roller ; v, the guard ; s, the escape wheel pinion,
its staff being cut away in the diagram (Fig. 29, 11)
to show &, the pallet staff. Part of the balance rim is
broken off to show the parts underneath better.

This figure is a diagram of a double roller escapement,
the action of which is the same as that of the single or
“ table "’ roller referred to further on.

The balance receives impulse at each swing or half
vibration. The escape wheel tooth having escaped the
inclined plane at mn’, the tooth on the opposite side at m
has fallen on the locking face of the pallet, where it will
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remain until the balance returns in its vibration, and

18

Fig. 29.—Double Roller Lever Escapement. I. Plan, IL Elevation,

the impulse pin (¢) coming into the notch will then move

the lever (BB') over tosthe other side ; the escape wheel

tooth in this motion, as the pallet at m is drawn out
M .
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from the wheel, falling over the corner and sliding along
the inclined plane, giving impulse to the balance through
the lever notch and the impulse pin (¢). The pallet is
prevented from going too deeply into the wheel by a
couple of banking pins (» 7) planted in the pillar plate of
the movement, which are not shown in the elevation.

The locking faces of the pallet are cut back at an
angle from the radius of the escape wheel, so that the
teeth may bold the lever in the position of rest against
the banking pins until the return vibration of the
balance releases it. A slight supplementary run, as it is
called, of the locking face, past the tooth’s point takes
place after a tooth drops on to either face, occasioned by
the tooth drawing the pallet still deeper into the wheel
than when it at first drops on to it.

As the lever passes the large roller (c), the guard (v)
passes through a space cut out of the small roller (¢’),
and this guard is so placed that when the lever banks, it
is just free of that roller. This is to prevent the lever
from being thrown out of position to receive the impulse
pin in its return, by any outward jerk or shake drawing
the pallet away from the tooth which is holding it, the
horns of the lever (i ¢), also are prolonged, as shown, to
guard against any possibility of the pin missing the
notch. Any such jerk would cause the guard to strike
against the edge of the roller, whence it would rebound
into the position of banking, But this guard is useful
only in an emergency, as, if either locking face were so
insufficiently back-sloped as to allow of this occurring fre-
quently, it would speedily affect the rate of the watch.
The end of the lever (B) is only a counterpoise.

If the importance of the lever escapement were to be
measured by its all but universal application to English
watches at the present time, its treatment should occupy
a very considerable portion of a book of this kind.
Enough has been written about it to fill a very large
volume without exhausting the subject, but space will
not allow of my doing more than barely summarising it.
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Although the detached lever was invented as early as
the year 1750, it was the last escapement that came into
use in high-class pocket watches; and as I am treating
of escapements to some extent chronologically, I shall
here discuss it,—the last of the watch escapements.

112. The Rack Lever. — The first escapement re-
corded on the principle of giving greater angular impulse
or lift to the balance through an intermediate piece
or lever, was invented by Huygens, or ’Abbé Haute-
feuille, the latter of whom
published a description
of it in the year 1722.
This was identical with
the Rack Lever (Fig.
30), patented by Lither-
land of Liverpool, and
which I have before no-
ticed.

It consisted of anchor
pallets similar to those of a
recoil clock escapement, on
whose axis was fixed a rack
or segment of a toothed
wheel which geared into a
pinion on the axis of the
balance, the balance being
at no part of its vibration
free, or disconnected from
the train. This, apart
from the friction of the @
rack and pinion, rendered
good timekeeping impossi-
ble. As shown in Fig. 30,
the end of the lever terminates in a rack acting in a
pinion on the axis of the balance. This rack cannot
leave the pinion; the only effect of an external shake
causing the balance to vibrate more than its normal arc,
would be to drive the pallet flukes deeper into the wheel

Fig. 30.—Rack Lever.



180 WATCH AND CLOCK MAKING. [Chap. XIV.

or to the bottom of the tooth. There is no necessity for
any safety action, no banking pins, and (as the pallet rest
is circular) there is very little friction or resistance to the
unlocking.

113. The Detached Lever.——About the year 1750,
Mudge invented the detached lever escapement ; and it
is to some extent a reflection either on the mechanical
genius or the goodnature of the watchmakers contempo-
rary with and immediately following bim, that it was
allowed to lie dormant for more than half a century;
although it is, in some of its parts, the model of the best
form of the lever escapement. The spring detent escape-
ment of Arnold, and the cylinder, or horizontal escape-
ment, invented by George Graham, were at this time
attracting all the attention of watchmakers, and Mudge
himself was absorbed in trying to obtain the award
offered by Parliament for the improvement of marine
timekeepers, so that his lever escapement was neglected.

In some of its proportions it was faulty and could not
have given very satisfactory results, and he probably
did not feel enthusiastic about it, as he seldom men-
tions it in his correspondence, &c., and only made two or
three such escapements. It was the same in form as the
present double roller, the lever and roller action not
having since been improved upon. Mudge's son givesa
drawing of this escapement in a book published in 1799,
in which the pallets (embracing five teeth of an escape
wheel with " twenty) resemble very much those of
Graham’s dead-beat clock escapement. They had no
“draw,” as it is called, on the locking faces (the rest being,
as in the clock pallets, circular), and therefore any jolt
given to the watch would throw the guard against the
roller, and thereby interfere with and retard the motion
of the balance. The defect in the locking may have sug-
gested to Mudge the small roller, which offers less resis-
tance to the balance by the safety pin coming in contact
with it.

However, when the above fault was corrected by the
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lockings being back-sloped, as in escapements made sub-
sequently, the value of the double roller was soon mani-
fested, and there is no form of the lever escapement so
trustworthy, or that gives such good results ; but, being
somewhat more delicate, it is more difficult to make, and
consequently more expensive than its now only rival, the
table roller.

114. The Crank Lever.— Arnold’s spring detent could
only be applied to large watches, and, being extremely
delicate and difficult to make, was very expensive ; while

-

Fig. 31.—Crank Lever.

the cylinder escapement (much esteemed at first) soon
began to lose favour in consequence of the brass escape-
wheels then used cutting the cylinders very rapidly.
‘When, therefore, Litherland of Liverpool resuscitated the
lever escapement by taking out a patent for the rack
lever, which had been improved by Julien Le Roy, but
not hitherto made in England in this form, it became very
generally made in this country, and made rapid headway
against the other escapements. It had some good points,
and, being simple and strong, was very well suited for
the watches of commerce then made. But this escape-
ment, although an improvement, did not long satisfy the
demand for a better mode of transmitting the impulse
to the balance, and Massey, also of Liverpool, shortly
afterwards invented the crank lever (Fig. 31). In
this escapement the roller is small, having a tooth
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exactly like the leaf of a pinion projecting beyond
its circumference. This tooth acts in a square notch
cut in the end of the lever, and the lever is formed
like a fork, the two points of which act as safety-pins
against the edge of the roller to prevent the lever from
getting out of action with the tooth of the roller.

This lever and roller action was not so good as that
of Mudge, nor would the performance of the escapement
have been so good had not Massey altered the ehape of
the resting faces of his pallets, making them straight and
giving them a certain amount of ¢ draw.” This “draw”
of the pallet was all that Mudge’s escapement required
to make it what it now is, nearly perfect as an escape-
ment. But although improved by haviug a ruby pin
substituted for the pinion leaf, and the roller raised
from its plane, or elongated, to allow of the guard points
acting as before, the crank lever required to be made
very carefully or, if not, the pin would sometimes catch
on the points of the lever and stop the watch. The notch
also had to be made wider in reference to the pin for the
same reason, which resulted in too much drop in the
impulse—another source of irregularity which a watch-
maker will fully appreciate. These difficulties brought
about various modifications until the introduction, by
another Liverpool man, of what is now called the table
roller.

115. Table Roller.—This escapement, from its sim-
plicity and general excellence, is what is employed in nine-
tenths of the lever watches of the present day ; the only
difference between it and the crank lever is in the roller
action, The impulse pin, instead of projecting beyond
the edge of the roller, is set within its circumference,
standing up out of its plane. The safety action is effected
by a very small pin, placed quite close to the bottom of
the notch in the lever, and passing the roller in the same
way as the guard of the double roller escapement, through
a small segment cut out of its circumference in front of
the impulse pin.
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116. Two-pin Escapement.—Another form of lever,
‘invented by George Savage, 2 man who did much to im-
prove the lever escapement
and make its capabilities
better known, is called the
“two-pin” escapement, al-
though, I think, “ three-pin”
would have been a more
appropriate name, for the
two pins referred to do only
the least important part of
the work, t.e., the unlocking
of the wheel. (Fig. 32.)
Savage saw there was a
loss of power consequent on
the double duty of the im-
pulse pin of an ordinary
lever escapement (which, be-
fore receiving impulse, has
to unlock the wheel through
the opposite side of the lever
notch and necessitates a
certain amount of shake),
and also on the unlocking
action taking place before
the line of centres of the
lever and roller. He there-
fore separated these func-
tions, reversing the ordinary
method of placing the im-
pulse pin in the roller, and
the notch in the lever, by
cutting a very small notch .
in the roller and placing a ¥'& $2—Twopin Lever Escape-
small pin in the lever, occu-
pying the place of the ordinary guard pin, for which
purpose it also served. He then placed two pins in the
roller at each side of the notch to effect the unlocking :
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and as the distance between these pins is equal to the
chord of the lifting arc at that radius of the roller, the
unlocking takes place at the line of centres; and, with
the proportions adopted in the figure (viz., 84° on the
planes, and 13° on the locking faces of the pallet) the
impulse will be given at 3° from the line of centres on
the lever. But this escapement must be constructed with
the greatest nicety, and is very difficult to make. It has
also been found that the small pins, made generally of
gold, cut the steel on which they act very fast.

Various attempts have been made to prevent the
wear of the parts by substituting a broad thin stone set
in the roller for the two gold pins, and a small ruby pin
for the gold one in the lever ; but notwithstanding this,
and the fact that this is theoretically the most per-
fect form of lever escapement, there are few of them
made.

117. The Double Roller, as its name indicates, has
two rollers on the balance staff, the large one carrying
the impulse pin, as in the table roller, whilst the small one
is used for a safety roller only. In an ordinary escape-
ment, with a lifting angle of 30° at the roller, the
intersection is only just safe when the escapement is a
good one and all the parts well made and jewelled ; but
if the pallet-staff have brass holes and less skilful workman-
ship generally, pallets of higher angles and a longer es-
caping arc are necessary. There are no proportions of the
lever escapement upon which greater diversity of opinion
exists than on the proper lifting angle of the pallets.
Lifting angles of 15° may be found in old watches, while
some modern makers advocate as low an angle as 6°,
Now, as the driving planes increase in length with the
lifting angle, and also become more divergent from the
course in which the wheel is travelling, the friction
increases, and ip an increasing ratio as the planes ap-
proach more nearly to lines of the wheel radii.

On the other hand a pallet of as low an angle as 6°
would require a greater proportionsl amownt of depth
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on the locking faces, as the amount of locking, to be safe,
could not be reduced beyond a certain point; therefore
the effective part, or the angle of real lift, would be pro-
portionately less, and it would be very difficult to make
an escapement that would be safe with a pallet of so
low an angle. Experience has decided the matter, by
showing that it is better to avoid extremes and in favour
of pallets of from 8° to 12° of lift.

As, in the double roller escapement, the guard of the
lever approaches nearer to the axis of the balance, and
(as has been demonstrated in the previous remarks on
escapements) the nearer that guard, or pin, approaches
the centre, the deeper will be the intersection and there-
fore the greater the safety ; pallets of as low an angle as
8° may be used. This is analogous to the relative sizes
of the pallets and wheels of the duplex and chronometer
escapements, and will be further treated of in my direc-
tions for planting the guard pin. Practical watch-
makers doubt whether there is sufficient advantage in
the principle, to compensate for the actual drawbacks in
the shape of the difficulty of arriving at the extreme
exactness requisite in the making, and for the risks of
accident or wear attending any of the different parts.
It is not advisable to adopt such proportions for watches
of an ordinary character, and many escapement makers
are of opinion that pallets of 12°, with a lift of from
32° to 35°, will answer best in all but the very highest
class of watches. I believe, however, that in such a
watch a double roller escapement, with an 8° pallet and
a lift of 25°, will be the nearest thing to a perfect escape-
ment to a pocket watch, as in consequence of the deep
intersection of the guard with the small roller, a safe
action is insured, which permits of a shorter locking,
and, as the action of the ruby pin in the lever notch
takes place, both in the unlocking and the impulse,
nearer to the line of centres, there is no danger of the
balance setting. In fact, it cannot do so if of a proper
size. Thick oil on the pallet planes will hexe \ers e
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than with those of a higher angle, and the balance will
of course have a longer free arc.

The Swiss make double roller escapements to all their
high-class watches, and indeed to a great many that
cannot be included in that category that would be a good
deal better with something less pretentious.

118. Cole’s Resilient Escapement.—Another form
of the lever escapement (known as Cole’s Resilient) was
invented by the late Mr. J. F. Cole, about twenty-five

Fig. 33.—Cole’s Resilient Escapement,

years ago. It was intended to obviate the evils arising
from overbanking. (Fig. 33.)

The escape wheel resembles an ordinary esca)
wheel acting against the faces of the pallet with
the backs of its teeth, the points being bent towards
the locking faces. Some of the wheels have been

- actually made in this manner on account of the

difficulty in cutting them. No banking .pins are
required ; after the tooth drops on to the locking face,
the supplementary run draws the plane into the wheel
as far as the bend in the tooth, which acts as the
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banking. 1In the event of overbanking, the effect of the
impulse pin striking the lever would be simply to drive
the pallet plane still further into the wheel, when it
would slide down the reverse slope of the tooth and
cause the wheel to recoil, which (after the force of the
jerk was expended) would then force the pallet up
again into its place, thus preventing any damage to the
escapement, such as the ruby pin or the balance staff
pivots being broken, or, at all events, preventing the
acceleration in the time of the watch which would be
occasioned by the pin striking the outside of the lever
on alternate sides and rebounding several times, which
it would do were the bankings rigid.

This escapement was much thought of when first
introduced, but the danger of overbanking was ex-
aggerated, not one watch in a thousand being injured
from this cause; and as the escapement was a little
more expensive than the ordinary one, on account of
the difficulty of the cutting of the escape wheel, its
manufacture was abandoned.

There have been numerous inventions to deal with
this fault of overbanking, mostly in the direction of
spring bankings, a spring lever, &c., but generally they
have introduced faults greater than the one they were
intended to prevent.

119. Cole’s Repellent Escapement.—Mr. Cole was
the inventor of another form of lever escapement, which
" he termed the Repellent, or Anti-detached. The pallets
on this escapement differ from the ordinary ones only in
having a recoil rest instead of a “draw ;” but the lever
and roller action is different. The lever is brought up
to a narrow point, instead of having a forked end, and
gives the impulse through a small notch cut in a small ruby
roller against which it rests, while the balance is perform-
ing what would be its free arc of vibration in the ordinary
lever, being gently pressed by the repellent action of the
wheel tooth on the locking, or resting, face of the pallets.
Like the previous escapement, this one requires no bank-
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ing pins. It approximates to the action of the Duplex, to
which it is much inferior, because of requiring a larger
roller to obtain sufficient impulse, and for other obvious
reasons. It has never been generally made.

120. The Club-tooth Lever.—The only other lever
escapement in general use, besides the table and double
roller escapements, is what is called the club-tooth”
lever. In this escapement the lever and roller action
is the same as in the two former, but it differs in the
pallet action, the impulse planes being partly on the
teeth and partly on the pallet. It is almost universally
used in French and Swiss-made lever watches. This
form of wheel permits of very little drop being allowed
for between the escaping tooth and the next one coming
into action on the opposite pallet face (the tooth being
cut away at the back from beneath the impulse plane,
to free the pallet corner when it is driven into inter-
section with the wheel) ; whereas, with the taper-pointed
teeth of the ratchet wheel, a small amount of space
must be lost. It is also, from its shape, better calcu-
lated to retain the oil. But these advantages are more
than counterbalanced by the disadvantages attending
the action of the two planes in contact, whose surfaces,
at one part of the action, are nearly touching one another
the whole length of the plane on the tooth ; so that, apart
from the question of capillarity, any thickening of the
oil—the necessity for which to the wheel teeth constitutes
the great drawback to the lever escapement—will entirely
upset the performance of the watch.

With the sharp points of the brass ratchet-shaped
teeth, the points slide down the planes with very little
resistance, the action being so light that I have seen
many wheels that showed no sign of wear after having
been more than thirty years in action,

I have heard escapement makers remark that the
ratchet wheel is preferable to the club tooth, because
there is less friction ; and this is, to a certain extent,
true, as the planes diverge more raypidly from each other,
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Fig. 84.—8traight-line Lever Escapement, with Club Teeth,
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and the angular motion of the part of the tooth in contact
increases as it passes over the pallet plane. But it is a
mistake to suppose that the extent of the surfaces in
contact makes any difference, for anyone with the most
elementary knowledge of mechanics knows that the
friction would be the same in both instances, other con-
ditions being constant ; indeed, friction has very little to
do with the retardation of such light bodies, as compared
with thick oil, badly-formed parts, &c.

121. Straight-line Escapement.—The Swiss attach
great importance to what is called a straight-line escape-
ment (Fig. 34), which is never made in England, as, with
our fusee movements, it would be difficult to find room
forit. It is supposed that there isless friction and shake
on the pivots from this arrangement, from the direction
of the pressures neutralising each other to some extent ;
but there is really no advantage to be derived from plant-
ing the pallet at any one angle more than another (the
parts being detached from one another after the action
has taken place), unless, perhaps, it be in the look of it,
with its visible stones and fancifully-shaped lever, an
advantage to which the Swiss are not insensible.

122. Pallets with Circular and Equidistant Lock-
ings.—A difference of opinion exists amongst watchmakers
as to the relative advantages of circular pallets and
pallets having lockings, circular, or equidistant, from the
centre of the pallet-staff. If the arms of the pallet are of
equal length, the locking faces will be at unequal dis-
tances, and the resistance to the unlocking will be appa-
rently different, owing to the greater leverage on the one
than on the other, and therefore the pallets with equi-
distant lockings have been recommended, and notably by
Mr. Grossmann, who strongly advocates them in his
admirable essay and elsewhere ; but they have never been
adopted either here or in Switzerland. (Figs. 35, 36.)

It is found practically that a properly-constructed
escapement will perform equally well with either pallets
—with equidistant lockings or circular pallets—so that
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really there is no reason for changing the latter for the
former, especially as the making of the circular pallets is
so systematised and well understood by pallet makers;

Fig. 85.— Circular Pallets.

but for the benefit of those who are fond of analysing
theories, I will endeavour to summarise the arguments
for both sides of the question.

Taking first those in favour of equidistant lockings,
it can easily be proved geometrically that the friction on
the impulse planes of pallets moving through the same
lifting angle, where the impulse is delivered tangentially,
is the same whatever may be the length of the pallet
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arm or its distance from the centre of motion. There
is, therefore, no advantage, theoretically, in having the
impulse planes circular, or at equal distances from the

Fig. 86.—Pallets with Equidistant Lockings,

centre. Whereas it is apparently obvious that with the
locking faces at unequal distances from the centre, as in
circular pallets, there is a greater amount of resistance to
the unlocking on the entrance pallet than on the exit.
This would be true if the locking faces were circular, as
in the Graham “dead-beat” escapement ; but as there must
) bea certain amount of “draw” on the locking faces of lever
d/ pallets for safety, the greater amount ot recsil thus given
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with the one pallet than with the other causes a greater
amount of resistance to the unlocking on that face;
while the necessity of using oil on the impulse faces
considerably modifies the first part of the proposition, in
favour of equidistant impulses, as it is obvious that with
a longer and more oblique impulse plane the oil will
have a greater retarding effect than with a shorter.

It will be seen by consulting the diagram (Fig. 37)

Fig. 87.

that the unequal resistance to the unlocking in circular
pallets is more apparent than real Iet a and &
represent the flukes of a pallet having equidistant lock-
ings; n v m, 2 t x are arcs of a circle, struck from the
centre, A, through which the locking points will pass;
and whatever depth the tooth locks, it will be made to
srecoil to those arcs, as the corners ¢, v of the locking
faces pass over them when they are drawn out from the
wheel; p 7 and % s are the angles (12°) of ‘“draw” on
the pallet, taken off on the radii % ¢ o, p v o, from the
points ¢ and v. )
It will be seen that, whereas on the leift-hend tace Noe
N
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distance the tooth will be made to recoil is only the
amount the choid z¢ deviates from the face 8¢, on the
right-hand face the amount of the recoil is 12° plus the

N
\ A

~

Fig. 33.—Pallets, with Semi-eqn distant Lockings.

deviation of the chord »v from the radial line pv. It is
evident, therefore, from the above proposition that the
amount of resistance to the unlocking is greater on the
locking face of b than on that of @, and this may be
equalised Ly either allowing a greater angle of ‘‘draw”
on a than on b, or by shortening the lever A ». A good
many escapements are made With semicirenier wllete, se.,
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pallets having neither the lockings nor the impulse planes
equidistant from the centre, but between the two, as
shown in Fig, 38.

123. Caliber. — On account of the difference of
opinion of manufacturers as to the correct proportions
and sizes of escapements no fixed calibers have been
determined upon, some manufacturers preferring them
larger and some smaller, &c., owing probably to the fact
that they have been found to perform equally well when
constructed with widely varying proportions. And as
this difference of opinion extends also, as I have before
observed, to the calibers of the movements, it is neces-
sary that the escapement maker should understand how
to adapt his escapement to these various conditions.*

This want of system, though bad in itself, has tended in
its results to develop the true theory of the lever escape-
ment in England, where it is generally better understood
than in other countries. Although pallet making is a
distinct branch of the business, the escapement maker
should be able to make pallets for himself, and to measure
that the angles are what they are represented to be.

The size of the escape wheel determines the size of
the pallets, which are the groundwork of the caliber of
the escapement, and this should have some relation to
the size and weight of the balance, which should be
determined with reference to the size and depth of the
barrel, and, consequently, the strength of the mainspring.
‘With a balance of the correct size, a wheel of from three-
sevenths to three-eighths its diameter will be about right.

The numbers denoting the sizes of escapements have
no reference to the sizes of §-plate movements, but
are taken from the sizes of movements to which they
were applied when full plate watches only were made.
When §-plate watches were introduced, the room for the

* The woid * caliber ” is applied technically in the watch trade to
denote certain conditions, roportmns of the parts, &c., and not in
its more limited and genemﬁ sense : thus we speak of a movement of
left-handed caliber, a right-handed caliber, &c.
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escapement was much more restricted, smaller and
heavier balances were used, and the superiority of smaller
escapements was demonstrated. The old numbers,
however, are still retained, although they do not repre-
sent anything, so that what is known as a four-size
escapement will be the size for a ten or twelve-size
movement ($-plate), and a six-size escapement for a
fourteen or sixteen-size movement.

The wheel and pallets being obtained, the frame is
prepared for jewelling.

124. Bteady-pins. — The steady-pins in the cocks
are usually put in by the movement maker; but as
these pins, and the holes to which they are fitted, are
rarely concentric with one another, and the pins are
made of straight wire screwed into the cocks, while the
holes are opened with a taper broach, they never fit
well. Now, as a badly steady-pinned cock will be
always liable to shift, to put the arbors out of upright,
and so to destroy the very nice action of a good escape
ment, the escapement maker has always to resteady-pin
the cock himself. There is no reason why the move-
ment maker should not do this work as well as anybody,
and no doubt he would, if manufacturers would only
agree as to the exact calibers and positions of the parts.

The escape cock is often left by the movement maker
without pins, for the convenience of being shifted for a
larger or smaller escapement.

If the cocks are not steady-pinned, the soles should
be rubbed flat on glass with oilstone dust and oil, and a
small square notch filed or cut in their outside edge
slanting towards the screw hole, to admit the point of
strong tweezers for lifting the cock off the plate.

The holes for the pins should be marked as far apart
as the space will permit, and drilled in the drilling tool,
with the cock screwed on to the plate in the proper
position. The holes and pins should be drilled and
fitted one at a time : the holes broached from the cock,
and the pins filed in a chuck in » lathe or throw, and not
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in a hand-vice, to the same taper. The pins must be
short and well-rounded at the points, and driven into the
cocks. The brass of which they are made should be of
the same quality and hardness as the cock, as if it be
much harder the pin will expand in the gilding, and
show. If the pins are already in, they should be re-
moved one at a time, and the holes broached, new pins
being fitted as before. Cocks steady-pinned in this way
will be perfectly tight and immovable when screwed into
their places, although easily removed; whereas with
straight pins they are never steady, and the difficulty of
removing them is a permanent danger to the pivots.
There is no cause of bad performance in a watch more
frequent than injured balance staff pivots, through the
great difficulty jobbers find in taking the cock off and
putting it in its place again.

125. Sinking the Escape Wheel.—The space be-
tween the pillar plate and the lower face of the escape
cock may be determined by the thickness of the pallets
and the lever, as there will be sufficient freedom for
the fourth and escape wheels, if there is room enough for
the pallets and lever.

In flat watches the escapement is sometimes sunk in
the pillar plate. The only difference in making the
escapement in this way is that the escape wheel is run in
below the fourth wheel, and the lever is placed above
instead of below the pallets.

There is a great advantage in this disposition where
there is little room, as the distance between the escape
cock and the pallets prevents the latter from drawing
away the oil from the hole, which frequently happens
when the pallets are close to the cock and too much oil
is applied, especially if the holes are brass ones.

If the escape wheel is sunk in the plate, the sink
should be bevelled off at its edge, to permit of the wheel
being removed when the watch is together; or if the
wheel is low in the plate, a slot cut between the two
sinks will be better.
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If the escape cock is to have thorough holes, it should
not be less than ‘02 of an inch in thickness; and if it is
to be jewelled with end-stones, not less than ‘027 of an
inch. It should be screwed into its place, and turned
down in the mandrel to the required thickness, so that it
may be parallel to the pillar plate.

The width of the balance rim will determine the
space between the escape and balance cocks, but nothing
is gained by keeping the balance cock above the plane of
the top plate, and therefore it is best to turn out the
freedom for the balance after the cock is jewelled, which
is done by cementing the cock on to a piece of brass, and
turning out the freedom for the rim and screw heads in
the mandrel.

126. Balance. — Assuming that the dial is made
and that the seconds hole in it has to be worked to,
and also that the escape cock is planted in a position
suitable to the size of the escapement to be used;
if the dial hole does not exactly coincide with that
in the frame, the latter must be stopped and another
one marked from the dial hole. This may either
be drilled or marked sufficiently to work from. By
placing the fourth wheel and the escape pinion in
the depthing tool, the depth can be ascertained and
marked on the bar; the distance may be taken from
the balance hole to the centre of the escape cock, and a
segment of a circle, cutting the score already made for
the depth, will give the exact position for the escape
wheel ; and when those holes are drilled, the frame is
ready to have the balance staff and escape wheel holes
jewelled. When jewelled, the balance staff and escape
wheel pinion can be pivoted and run into their holes.
The balance staff should be all steel, and as hard as it will
turn. The proper height for the balance is ascertained
by shortening the staff before the pivots are made until
the balance is close to the escape cock, as the pivot
cannot be shortened much when made.

The balance should it very tightly on the teat made
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for it on the staff, very little of which should be left for
riveting ; and the shoulder against which it is riveted
must be square, not undercut. If this is not attended to
the balance will not run true when riveted, and ad-
ditional riveting will only make it worse. The seat of
the balance spring collet should be polished and only
tapered a little. The height for the total length of the
staff can be got by taking out the jewel holes, screwing
the end-stones in their places, and filing a piece of brass
to the height between them, allowing of no shake; or a
still better plan is to take off the end stones and measure
the distance between the outside of the holes with a
douziéme tool. The escape wheel is fitted to a brass
collet, or a gold one is better, driven on to the pinion ;
the height of the wheel being easily ascertained, as it is
close to the escape cock. .

The seat of the collet should fit the wheel very well,
and here, also, very little must be left for riveting, or
rubbing, the wheel on to it. Before fitting, the wheel
should be put on a true arbor, and, if not true, the hole
should be drawn until it is so, and broached round and
fitted to the collet.

The roller may now be roughed-out and let on to the
staff. The position for the pallet holes being marked off,
the distance between them and the balance holes is tech-
nically called the chord of leverage, and the escaping arc
is entirely dependent on the way in which this chord is
divided between the roller and the lever, t.c., the acting
diameter of the roller, the acting length of the lever, the
lifting arc of the lever (or pallets), the lifting arc of the
roller.

If the pallets are 10° pallets—i.e., giving 10 total lift
on the lever each way—and the balance is required to
have a lift of 309 (a proportion very generally adopted),
the chord of leverage must be divided into four equal
parts, and the impulse pin in the roller placed at one of
these parts from its centre, leaving the remaining three
for the effective length of the lever. If the impulee gin
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is at a greater relative distance from the centre of the
roller (in a table roller escapement) and the escaping arc
consequently diminished (see page 140 and Fig. 16) the
guard pin would not intersect the roller sufficiently to
have a safe action ; and, therefore, when a short lift at
the balance is required a double roller escapement is
necessary—a larger roller to receive the impulse and a
smaller to insure a safe action.

127. The Impulse Pin.—The impulse pin should
have about one-third of its circumference flattened
off one side (or it may be made a segment of the
arc described by the pin, which will be nearly flat
in so small a space), and, the distance of the pin
from the centre being determined, it should be marked
on the roller, a hole drilled and broached to not quite
the diameter of the pin, and a punch of the shape
of the pin put into the hole with the flat side towards
the edge of the roller, the edge of which should be
beaten in with the pman of a small hammer until the
hole takes the form of the pin. If the punch be a little
taper it can be driven into the hole until the pin fits it.
The pin should fit well and not be dependent upon the
shellac with which it is fixed for its stability, and it
must be perfectly upright.

The roller must be turned to the proper size, and the
small crescent in front of the impulse pin filed out to
permit the guard pin to pass when the leveris giving im-
pulse. There is no method for determining the outer
diameter of the roller, but, with an escaping arc of 30° at
the balance, the intersection of the guard pin with it will
be very small indeed, and, as this pin must be quite close
to the roller when the impulse pin leaves the lever notch,
the roller must be turned down as small as possible.

The position of the pin may be determined, with any
lift, by drawing a line x B (Fig. 39) at half the angle of
lift on the lever to a horizontal line A B, which represents
the line of centres. Placing one pomt of the depthing
tool in the hole or marked point B, and the other in the
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centre of the roller at ¢, at the distance of the respective
centres apart, the point of intersection of the roller with
that line, as at =, o', =", will give the exact point for the
guard pin, whose thickness must then be allowed for.
With a one-to-three escapement, as it is called—i.e.,
one having one part of the distance on the line of centres
taken up by the radius of the roller, and three parts by
the acting length of the lever—the intersection is found
to be half the thickness of the pin; and a very good
method of determining the position of the pin, adopted by
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escapement makers, is to draw on a piece of smooth
brass a series of arcs from the centre of the lever, and
placing one point of the depthing tool in that centre and
the other in the centre of the roller, the arc which its cir-
cunnference touches will be the distance from the centre
of the hole at which to drill the hole for the pin, so that”
half its thickness will intersect the roller.

Before drilling the hole for the pin or the pallet stafl
in the lever it is better to file up the lever fork and cut
the notch, and for this reason: the notch must fit the
impulse pin without shake and be cut quite square to
the bottom, as there is no room to spare, and the guard
pin must be exactly in the middle, and it is much easier
to mark and drill the hole for the guard pin than it is to
file the notoh to the hole when that is drilled first.

128, The Guard Pin.— The hole for the guard
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pin can be marked and drilled as near to the bottom
of the notch as possible, and the hole for the staff
drilled from it. The lever may be roughly shaped,
and, if the hole in the pallets is quite square to
the sides, or upright, the pallets and lever should be
held together in the spring tongs and broached for
the pallet staff; it is well to first put the pallets on
an arbor in the turns, and try, by touching the sides
with a graver, if they stand square to it ; if not, the hole
must be broached slantingly until it is square to the
sides. Notwithstanding the numerous templets and
gauges used for the measurement of the various parts
and proportions, it is quite impossible to insure that
absolute exactness requisite for the perfect working of
an escapement, so that it is always necessary to examine
it with the parts together when complete. The roller
and lever depth is easily seen in the tool, and can be
examined when the lever is let on to the staff, the dis-
tance on the plate being taken with the points of the
depthing tool on the dial side of the plate and marked
from the balance jewel hole with the end-stone removed.

The depth of the wheel and pallets can be marked
in the same way ; and this cross depth requires to be
very accurately determined and the hole carefully drilled,
the two actions of the roller and lever and the wheel and
pallets being dependent upon its position. The lighter
the marks made with the depthing tool, and the smaller
the dot or centre to drill from the better, as the smallest
deviation from the correct spot will necessitate re-
planting,

129. The Pallet Staff.—When the pallet staff has
been run in, the depths can be tried in the frame, and,
as the action of the wheel and pallets is more easily
seen in the frame than in the tool, it should be tned
first. If the lockings are safe and the wheel will
escape forwards, the freedom can be tried by running
the wheel backwards, pressing it towards the pallets;
If it runs freely the depth will Le corvect, but if in
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going forward the tooth falls on the plane of the
pallet, or even on the corner, it will not be safe, and the
pallet staff must be replanted, as would be the case where
the depth is much too great. Topping the wheel must
not be resorted to.

130. Lever and Pallets.—The angle of the pallets
with the lever may be obtained approximately by
moving the wheel forward, and observing if the lever
falls more on one side of the balance holes than on
the other. The balance should then be put into
its place, and if the guard pin passes the crescent,
it should just touch the corner as it passes out, the
polishing of the edge of the roller giving it suffi-
cient freedom afterwards; and if it stands close to the
edge of the roller on either side, when a tooth escapes
and the lever has passed the crescent, the escapement
—i.e., the lever and pallets—will be what is termed in
angle, and the banking pins can be marked while the
guard is pressing the roller. The necessary freedom for
the guard pin from the roller may be got by either
making the roller a little smaller, or the lever a little
narrower, where it rests on the banking pins. The
position of these pins should always be near the fork of
the lever; they should be small, and, if left no longer
than the height of the lever from the plate, there will be
little danger of their being bent.

If, as is sometimes the case, the lever is just a shade
too deep or too shallow on the roller, the hole for the
staff may be “drawn ” a little. This is done by gripping
the lever in the spring tongs or pliers (with brass faces),
covering a small portion of the hole on the side from
which it is to be drawn. By broaching the hole while
held in this manner you make it a little oblong, and it
must be punched up a little on the opposite side, as it
must fit tightly on the staff.

After both wheel and roller depths have been made
correct, the pallets and lever must be clamped or held
together, and the holes drilled on each side of the wat
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for the pins that are to hold them together. The lever
must be filed up, hardened, and tempered. The lighter
it is made the better, and it should be made of such
a shape that it will not cover the pallet arms and draw
away the oil from the wheel teeth. The pallets and
lever must be carefully poised; if the pallets are to be
made thinner before polishing, they should be put on an
arbor in the turns, and have races cut in the sides with
a graver, and the sides filed down to these races. A
good deep sink should also be cut in the pallets in front of
the staff hole, to prevent them from drawing the oil away
from it. The back and inside of the pallets are polished
in a swing tool, and the sides on a cork ; care must be
taken that too much pressure is not used and the stones
loosened, as a loose stone is a grave fault and not easily
discovered. It is best to use a steel polisher with oil-
stone dust at first, finishing with a zinc polisher and
diamantine.

131. Escape Wheel.—The escape wheel should be
put on an arbor, and the rim turned true on each
side to the required thickness, and the arms and centre
reduced by a piece of blue stone, as, if either the
escape wheel or the pallets are out of poise, it will
affect the going of the watch. When the wheel
is smooth and flat on the sides, it should be polished ;
no escape wheel should be gilded. The way to polish
a wheel is as follows :—Take a piece of brass, not
much larger than the wheel, rub it on glass with
oilstone dust until it is quite flat ; make a small hole
in the centre, and a few circles on it about the size
of the wheel, and with a cement made of bees-wax and
a small grain of resin, cement the wheel on the block as
near the centre as possible; the circles on it being a
guide. The wheel may be polished underhand on a tin
block filed flat and scraped very clean, by placing the
point of a peg in the hole in the piece of brass. Care
must be taken that the pressure is equal, as it is very
easy to get one side a little more rubbed than the other.
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One side having been polished, a very little heat will melt
the cement, when the wheel can be reversed, and the op-
posite side polished in the same way. The cement can be
removed from the wheel by heating it in a.little clean
oil until it is melted, and what still adheres will be
easily breaded off.

The polishing stuff used for the wheel should be red
stuff (not too fine) as diamantine will not polish brass.

When the wheel has been polished it is ready to be
rubbed on to the collet on its pinion, after which the tops
of the teeth should be touched true by holding a slip of oil-
stone against them, and rotating the wheel in the turns.
The roller has generally a hollow cut out of it for
ornament in the centre, and its face polished on a block.
The edge, which is left square, is polished by bringing it
into contact with a revolving disc in the lathe, or in the
turns. The Swiss make the edge of their rollers round,
and in the older Swiss watches they are often found with
it tapered off to an ungle, in order, it is thought, to avoid
friction, in case the guard pin should come in contact
with it. But English escapement makers disbelieve in an
escapement that would permit of this frequently occur-
ring, and the guard pin is used merely as a preca.utlon
against a remote contingency. -

CHAPTER XV.
THE BALANCE BPRING.

132. Invention.—Perhaps the most remarkable epoch
in horological chronology was marked by the invention
of the balance spring ; its application to pocket watches
placing within the reach of everybody the means of
regulating and registering the daily actions, &c., with a
degree of exactitude quite unattainable with the time-
keepers hitherto made.

This invention is generally aceredited by foreign



206 WATCH AND CLOCK MAKING. [Chap. XV.

writers to Huygens, who applied for a patent for it in
Paris in 1674, in which he was opposed by L’Abbé
Hautefeuille, who proved that he himself had applied for
the patent some years before. Although Dr. Hooke,
whose invention it undoubtedly was, had applied for
a patent for it here sixteen years before that time, both
of these inventions may possibly have been original,
so far as the inventors themselves were concerned.
Hooke himself disbelieved this, and he accused the
Secretary of the Royal Society (Mr. Oldenburgh) of
making known to foreigners the inventions deposited in
the records of the society. He did not complete his
patent, owing to a disagreement with certain parties
with whom he was to have taken it out conjointly (and
who afterwards negotiated with Huygens on the same
subject), and allowed it to fall through.

133. Hooke's Law.—It is to Hooke we owe the
exposition of the qualities of the spring (both as ap-
plied to watches and otherwise), as it is to him we
owe its application ; the law of elasticity enunciated
by him (see page 18) being an axiom in mechanics
with which everybody is familiar. But this law is only
partially true as applied to balance springs of watches
and chronometers, otherwise every spring would be
isochronous. Pierre Le Roy was the first to publish this
discovery, although it is probable, from Hooke’s genius
and the many experiments he made on springs, that he
had found this out also. ~Le Roy says that “there is in
every spring of a sufficient extent, a certain length where
all the vibrations, long or short, great or small, are iso-
chronous ;” and that * this length being secured, if you
shorten the spring, the great vibrations will be quicker
than the small ones ; if, on the contrary, it is lengthened,
the small arcs will be performed in less time than the
great ones.”

134. The First Spiral 8prings.—The first spiral
springs that were applied to watches were hand-
made—that is, turned up by hand by means of a
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small steel peg or burnishing tool, which, by burnishing
one side of the wire, caused it to coil up as a
slip of paper will if scraped on one side with a knife.
Some of these springs were very beautifully made, and
were far superior to the soft tool-made springs after-
wards in use, as the burnishing which turned them up
also hardened them to a certain extent, and set them in
spiral form., As soon, however, as different forms and
lengths of the spring were introduced, it became
necessary to coil them up on blocks, &c.; and shortly
afterwards, as the soft springs were found to lose their
elasticity, they were hardened and tempered, and con-
tinue to be made so for all high-class watches. Forty
years ago every finisher made and applied a spring to the
watch he finished, except to a few of the best watches,
which were sprung with the above-mentioned hand-made
springs, or the ordinary tool-made springs hardened
between two pieces of brass screwed together—a very
clumsy and almost impossible way of hardening a spring
and keeping it in shape. The springs of forty years
ago were turned up in a tool, and blued to give them
a set; now, very few finishers know anything about
either making or applying them.

135. Different Forms of Spring. — M. Lutz, of
Geneva, discovered a method of hardening springs
other than the old process of fire and water, and of
imparting a very beautiful appearance to them. He
exhibited a case of these springs in the Exhibition of
1851, which afterwards came into my possession, and very
charming things they were, in all forms and colours. I
believe the Commissioners gave him some assistance to
enable him to perfect his invention, but I do not think
these springs have been improved upon since then, al-
though the process is still a secret. Great quantities of
these springs and imitations of them have come into this
country, superseding the old tool spring of the finisher,
as they deserved to do, but they are altogether unworthy
of a good English watch, although too often applied
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to watches receiving that appellation, as they have none
of the properties of a properly hardened and tempered
spring. Many diflerent forms of spring (Fig. 40) have
been in use from time to time, the most successful of
which are the Breguet spring, invented by the French
watchmaker of that name, and the cylindrical helical,
which was the invention of John Arnold the elder, who
patented it in 1775. The latter of these springs was in
general use for all the higher class of pocket watches
until comparatively recently, but since the qualities of

1

ELEVATION PLAN
Fig. 40.—1. Ordinary Volute. 2. Cylindrical Helical. 3. Breguet Spring.

the Breguet spring, which is better adapted for the
thinner watches now made, have become understood, it
has quite superseded its rival in all but pocket and
marine chronometers.

136. Isochronism of Balance Spring.—A balance
spring, of whatever form, to be isochronous must satisfy
the following conditions :—Its centre of gravity must
always be on the axis of the balance, and it must expand
and contract in the vibrations concentrically with that
axis. When these conditions are secured in a properly
made spring it will possess the quality of isochronism—
that is, its force will increase in proportion to the tension,
and it will not exert any lateral pressure on the pivots.
M. Phillips, in his memoir, demonstrates these condi-
tions, and proves theoretically that the terminal curves
deduced with the view of satisfying the one condition
verify at the same time the other.

137. Isochronism and Length of Spring.— There
is a theory, attributed to the late Mr. Charles Frodsham,
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that every length of spring has its isochronous point;
and Mr. Immisch, in his prize essay, says:—¢ Every
one with some experience of timing knows that mere
length has nothing to do with isochronism.” In a paper
on the subject which I contributed to the Horological
Journal of June, 1875, I denied this, and asserted that
length had everything to do with it—that a spring too
short, whatever its form, would make the short arcs of
the balance vibration be performed in a less time than
the long arcs, and a spring too long would have just the
contrary effect, and for this reason. If you take a balance
in its place in the watch with a spring of ten turns, a
length often prescribed, and move the balance round half
a turn, you will find that, while the inner end of the
spring, being pinned to the collet, moves round in the
same circle as the balance, the outer end being fixed, the
disturbance in the spring taking place in the inner coil,
has gradually affected the fixed and rigid end, and, in a
spring of this length-—especially if it is a hardened spring,
and therefore more elastic—the maximum resistance has’
been reached, or nearly so. Therefore, if you move the
balance another quarter of a turn in the same direction,
you have added little or nothing to the resistance, and the
spring has not force enough to throw the balance back
through the longer arcs in the same time that it would
have gone through the shorter. A spring with ten turns
is, therefore, too short, and in consequence a watch with a
spring of that length will gain in the short and lose
in the long arcs. Now, take a spring of twenty turns and
go through the same operation, and you will find that the
balance must be moved through more than the half-turn
to disturb the fixed end of the spring ; but as the spring
is more than double the length, it is also thick in propor-
tion, and when the disturbance reaches the rigid end, it
exerts a force sufficient to carry the balance through the
longer arc in a shorter period than before that force was
called into action. A flat spring with ten turns is, then,
too short, and one with twenty too long; for a spring
o
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with ten turns will make the watch go fast in the short
arcs, and a spring with twenty turns will make it go slow
in the short arcs.

138. Compensation.—The compensation is not much
affected by any difference in the lengths of the springs,
there being a compensating power in their expansion and
contraction by which there is a gain in favour of. the
spring, so far as concerns its dimensions, and it is only
the difference in the loss of elasticity between the two
which has to be compensated for, as was pointed out
recently by Mr. Wright, the lecturer at the Horological
Institute.  This is in accordance with the law that the
resisting power of a spring varies as the cube of its
thickness, and as the spring expands equally all ways, it
would become actually stronger with any increase of
temperature, were the elasticity unaffected by the change
which takes place in the molecules, and this difference of
elasticity in springs of different lengths is very small.

My friend Mr. Mercer, who, from his large experience
in chronometer timing, may be considered an authority
on the subject, tells me that in many instances he has
not had to touch or alter the weights on changing the
springs, and that, at all events, it is not certain which
way the alteration of the compensation would be re-
quired. .

139. Flat Springs.—1I find the best length for a flat
spring to be fourteen turns, and if it is half the size of
the balance, and pinned in properly, the time will be
pretty near in positions. But although the flat spring
is the most common, it is also the worst form of spring.
It cannct expand on the side next to the stud, but has a
dragging lateral action, while it throws out on the oppo-
site side to a third more than its proper size, causing
considerable pressure of the balance pivots on each side
of the holes alternately.

It will agsist the action of this spring if it is always
a little small, as this gives more freedom to that portion
of the coils next the stud.
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140. Correcting the Spring.—1I have seen directions
by experienced men how to time in positions by the curb
pins. This should never be attempted.

The curb pins (always an evil) should be wide enough
apart to let the spring just move between them, and no
more, and should never be far from the stud. As
“ manipulating ” the curb pins, as it is termed, is done
only with the object of lengthening or shortening the
acting length of the spring, this should be accomplished
in the proper way at once, by adding to or taking away
weight from the balance. Should the watch with the
spring referred to gain a few seconds in the short arcs,
taking up the spring half the width of the stud, and re-
placing two of the balance screws with heavier ones,
will remedy this defect. However, should it do the reverse
—that is, lose in the short arcs—by taking a very little
off the weight of the balance, and letting the spring out
80 much, the error will be corrected—if the error is in the
spring—but no directions will enable any one to make a
watch go well with bad pivots, bad holes, and large and
bad escapements. The Breguet spring, although differ-
ing very little in form from the simple volute, is essen-
tially different in action and principle; the overcoil,
being fixed above the spring, and nearer the centre, gives
it perfect freedom to expand in a circle all round. This
spring must be longer than the flat spring, as the force
of the outer or fixed end is sooner reached, and the
curve inwards gives it more power of resistance, and also
an easy and perfect means of obtaining isochronism. I
find about twenty, according to the size of the watch, the
best length for this spring, and curb pins should never be
used with it, if perfect timekeeping be aimed at.

I would also warn any one against altering the
shape of the balance staff pivots ; there is only one shape
for these pivots, and spoiling the pivots is not iso-
chronising the spring. This remedy is almost as bad
as putting the balance out of poise to obtain time in
positions. My theory is length, and length alone, and
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this seems to me to be in perfect accord with the result
of a good many experiments on this subject, most of
them pursued unconsciously ; as, for instance, the taper-
ing of the wire before making the spring, and, again, in
the contrary direction, when what was termed the iso-
chronous stud—that is, a long spring stud—was used.
. I have actually seen these two remedies applied to
one watch, when the result desired might have been
obtained by a spring of the proper length. The difficulty
of getting the short arcs sufficiently fast is much in-
creased in small watches, owing to the comparative
thickness of the staff pivots, while in marine chrono-
meters the trouble is usually to get them slow enough,
the pivots being relatively smaller ; but this difference
may not be entirely due to the pivots, the conditions
under which the long and short arcs are tried in chrono-
meters and watches being different. Mr. Crisp tells me
that the late Mr. Charles Frodsham had his marine
chronometers timed in positions, and that in some of
those he timed for him he found the tendency to
lose in the short arcs the same as in watches, proving
that the side friction on the pivots has a good deal to do
with it. Various materials have from time to time been
tried with a view to the prevention and lessening of
the compensation error. TlLe first Mr. Dent had some
ordinary steel springs electro-gilded, but, as might have
been expected from the different natures of the metals,
such a combination did not answer. The gold did not
adhere well to the steel, but peeled off in places, possibly
owing to the different expansion of the metals. Glass
springs have also been tried by more than one maker,
but with little success. Mr. Dent made a number of
experiments on them, but with no other result than to
demonstrate that they were quite impracticable. There
was one of these springs in a chronometer (going) at the
Exhibition of Scientific Apparatus at South Kensington
(1876), of which a member of the firm of E. Dent and
Co., speaking at the Conference, said :—“This glass
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spring is the invention and handiwork of the late
Frederick Dent, and the chronometer before us represents
the only perfect specimen now in existence. The elas-
ticity and strength of this spring are so extraordinary
that until you had examined it you could scarcely credit
its being glass. . . . . DBut meanwhile, for illus-
tration, we will tell you two experiments, the second
one being quite unintentional. In the first, a chrono-
meter was taken, having an ordinary steel spring, the
balance of which was oscillating 180° from rest. A glass
spring was substituted, everything else remaining exactly
the same. The oscillation of the balance rose to 200°.”
The unintentional experiment was that the chronometer
to which this spring was attached was accidentally
knocked off a table, and, although the staff pivots were
broken, the spring sustained no injury.

The same gentleman said this chronometer had always
a tendency to accelerate or advance upon its rate, and
referring to some experiments on chronometers with
springs of different materials, with glass balances, he said,
it was found that, while one with an ordinary steel spring
lost six minutes twenty-five seconds a day in a rise of
68° Fahr., the one with a glass spring lost forty seconds
only.

141 @lass Springs.—If glass could be made to
answer as a material for balance springs, it would be a
maitter of the greatest importance to the trade. 'We should
get rid of all our troubles with the compensation balance ;
in fact, we should not require compensation balances at
all for ordinary watches, glass undergoing only about a
tenth part of the change for variations of temperature
that steel does. The error of six minutes in twenty-four
hours in a range of 60° Fahr., for which we have now
to compensate, would be reduced to little more than
half a minute, and all our disputes about secondary
errors, and the best form of auxiliary compensation, set
at rest. The discovery of a metal suitable for springs,
and possessing the same amount of indifference to
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thermal changes as glass, would create a revolution in
the trade, and prove a fortune to the finder. Glass
springs, owing to their want of elasticity, have to be
made quite double the length of steel ones, and, from
the great difficulty of making and applying them, have
never been made, except for the sake of experiments
like the foregoing ; and they could not for the former
reason be applied to pocket watches, where the space is
so limited.

142. Palladium Springs. — Great advantages are
claimed for the palladium springs introduced by M.
Paillard, as they cannot become rusty, are non-mag-
netisable, and maintain their elasticity better in varying
temperatures than gold or steel ones. The compensation
error is certainly less with a palladium spring than with
a steel one, and immunity from rust is of great value, as
the smallest speck of rust on the spring will destroy the
rate of the best chronometer ; to obviate this, gold springs
have sometimes been used. The late Mr. Jiirgensen, of
Copenhagen and Locle, advocated gold springs, and, some
years ago, sent two ships’ chronometers to Greenwich for
trial so sprung, but the result was not satisfactory, as
they stood low on the list. The specific gravity of gold
is greater than that of steel, and its loss of elasticity
greater in a given range of temperature, and, as gold
springs must be formed by an annealing process, they are
inferior even to the hard-drawn steel springs that were
made before fire-tempering was introduced, in every re-
spect, except their unmagnetic and non-rusting qualities,

The loss of elasticity in a given range of temperature
being less in palladium than in steel springs, and the so-
called middle temperature error being consequently re-
duced, has induced several chronometer makers to apply
them to chronometers intended for the Greenwich compe-
tition, and chronometers with ordinary balances (without
auxiliaries) have held a very good place in these trials.
Baut, while chronometer makers should pay every attention
to attempts to obtain a better makerisl for the balance
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spring, it would be rash indeed to discard the well-proved
hardened steel spring, with its known good qualities, for
any material, however promising, without very long and
exhaustive tests of its qualities. The old soft tool and
hand-made steel springs were found to lose their elastic
force after the watch or chronometer to which they were
applied had been a few years in use, and the instrument
fell off from its rate in consequence, and, since there is no
change in the molecules of a palladium spring to perma-
nently set it, such as is undergone by a steel spring in the
hardening process, it is possible that this spring may,
after a few years, also lose its elasticity. Like all soft
springs, it also requires very careful handling to avoid
bending it so as to give it a permanent set in any but
the right shape.

As to its unmagnetic property, that would be of very
little use where the ordinary compensation balance is
used, as any magnetism which would affect the spring
would assuredly reach the balance and equally interfere
with the performance of the instrument, and any chro-
nometer or watch made with the object of preventing
this would require a balance, as well as the other quick-
acting parts of the escapement, of gold or some other un-
magnetic metal

143. Demagnetising Steel Work.—For the follow-
ing description of an approved method of demagnetising
portions of the steel work of watches which may have
become magnetised, I am in debted to my friend, Mr.
Latimer Clark.

Watches sometimes become magnetised by being
brought too near to a magnet or dynamo-machine ; in fact,
persons often injure the performance of a watch by play-
ing thoughtlessly with a common magnet. If the watch
be taken to pieces, the separate parts may be demag-
netised without much difficulty. If we take any short
piece of steel and approach one end very near to one
of the poles of a magnet, it will become strongly mag-
netised ; if we make the other end approach, dut nat quite
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80 closely, the magnetism will be reversed in direction,
and will at the same time be somewhat weaker than
before. By repeating this process, always increasing our
distance, we can rapidly remove all traces of magnetism.
The simplest way to do this is to lay a small bar magnet
on a divided rule, and holding the piece of steel in a
brass or wooden pair of pliers, we approach one end
within one-sixteenth of an inch, then the opposite end
within one-eighth, then the other within three-sixteenths,
and so on till we get to a distance at which the mag-
netism disappears.

We can readily test this by magnetising a portion of
a very small sewing needle, and suspending it by a
delicate fibre of silk within a glass tube or bottle. Our
piece of steel if magnetised will attract this needle with
one end and repel with the other ; if not magnetised both
ends will attract similarly.

The balance of a watch, being in the form of an §
curve nearly closed, cannot be so easily treated, and the
same is true of the spiral springs. To demagnetise these
the best plan is to mount a horse-shoe magnet on a lathe
so that its poles rotate in a wertical plane; the poles
should preferably be at least an inch apart, and the
magnet should be well magnetised. The balance is sup-

ported by means of a piece of cork on a small revolving
turn-table which rotates in a horizontal plane ; this turn-
table is carried on & wooden bar held in a slide-rest s0
that it can be slowly advanced up to the magnet and
withdrawn. The turn-table is rotated by a kind of
overhead motion fixed on the lathe table—this may be
a round wooden rod with a pulley at one end driven
from the lathe-head, while an india-rubber band traverses
along it and drives the turn-table. Both the magnet and
the table being set in rotation, the balance is brought up
to the poles of the magnet by the slide-rest, and as nearly
in contact with it as safety permits—it is then wvery
slowly withdrawn. By this process every part of the
balance is magnetised snd demagpetised in every con-
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ceivable direction, but the magnetism becomes weaker
and weaker every moment, and ends by being so feeble
that it is not injurious. The parts of a watch that
require most attention are of course the balance and the -
pallets, but it is better to treat the balance spring also;
this last may be held on a cork by shellac solution and
afterwards cleaned in alcohol.

If we have command of the current from a dynamo-
machine or from a very large battery so as to make a
powerful electro-magnet, we may treat the watch in this
fashion as a whole, without the necessity of taking the
parts asunder.

CHAPTER XVIL
SPRING MAKING AND APPLYING TO WATCHES.

144. Testing Spring Wire.—Before setting about
spring making the wire should be tested, and if it
will not harden at a cherry red, be rejected at once, as it
will require more heat to harden it when in the box or
on the block. There is great difficulty in getting good
wire for spring making, especially for small springs. The
constant annealing required to make it soft enough to
be drawn so fine decarbonises it, and makes it so mild
that it will either not harden at all, or only at a heat
that is utterly destructive to its qualities as a spring.
As I recommended in a lecture delivered by me at the
Horological Institute, in 1877, the wire, when too mild,
should be placed in a vessel filled with charcoal, and
heated in a furnace until it is sufficiently recarbonised,
in the same manner as steel was originally made, any
difference in the relative hardness of the outside to the
inside heing rather advantageous than otherwise. If it
is attempted to make springs of mild wire it will be
found that the springs will stick to one another in the
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winding-box when they are hardened, and the wire will
scale, owing to the excessive heat to which it has been
subjected, and will be very difficult to polish afterwards

145. To Make the Winder.—Take a piece of brass or
German silver, about the eighth of an inch thick ; drill
a hole in the centre, and turn it out in the mandrel to
about 3 of an inch in diameter, in the form of a small
watch barrel. This is called a spring-box.

Fit a lid to it, also with a hole in the centre ; turn
down a piece of brass wire with a pivot and shoulder to
fit the small hole in the box, to project a very little way
through it (it should project through the bottom of the

5

Fig. 41.—1. Box-cover. 2. Spring-box. 8. Screw for fixing Wire. 4. Plan
of Winder-pivot. 5. Winder,

box the exact width of the wire to be used for the
springs).

Tap a small hole in the centre of this winder-pivot,
and cut three thin slits in a triangle to receive the ends
of the wire of which the springs are to be made (Fig. 41,
No. 4). Drill three holes at equal distances through the
rim of the spring-box, close to the bottom, through
which pass the wire, and fasten the ends with the screw
(No. 3) into the slits in the winder.

The head of the screw should project through the
hole in the cover. Now the cover is to be put on, and
gently pressed down during the process of winding the
spring up, until the box is quite full, when the ends of
the wire must be cut off, the screw removed from the
centre, and the winder taken away. Bind the cover
down with wire, stop the hole in the centre (animal
charcoal and soap will do for stopping), and harden the
whole in the usual way. Water is better than oil for
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this purpose, and mercury better than either, as the lower
the temperature at which they are hardened, the better
will the springs be. If the box is now put into a small
vessel filled with oil (an old metal spoon will do), and held
over a spirit lamp until the oil just catches the flame, and
then left to cool, the springs will shake out of the box
quite easily, and you have now three springs which, even
in this state, are superior to the so-called hardened and
tempered springs of Swiss make. If the air is effectually
excluded, the process of hardening will not discolour the
steel much, nor will the tem-
pering in oil, and very little
time is required to polish a
spring carefully made in this
manner.

146. Polishing theSpring.
—Take a piece of wood or
large pith, make it into a
cone at one end, put a pin
into the end to project half
an inch; put your spring
over this pin, and draw the
outer end of the spring over
the cone with the thumb of
the left hand, as shown in
Fig. 42, and with a well-worn
brush, well charged with red
stuff, you willy in a few
minutes, polish the outer
sides of the coils, turning the
spring when one side is Fig 42—To polish Outer Sides
polished, and repeating the )
process. The inner sides of the spring are more difficult
to polish, and require care and practice.

If the spring be placed on a piece of flat cork, and a
finely-cut peg be inserted through the centre, and pressed
firmly on the cork, the spring will take the form of a
cone (see Fig. 43), and by moving the peg, with plenty of
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red stuft’ on it, backwards and forwards, and also in a
lateral direction, the inside of the spring will be polished
in a few minutes. Care is necessary not to bend the
spring, as if bent ever so
little in the polishing it is
useless. The flat edges of
the spring are polished on
writing-paper rubbed over
with red stuff, by pressing
the end of the middle finger
on the spring, and moving
‘ . , it gently in a circle. Cork
Fig. 43.—To polish Inner Sides org(;)ithy may be used for
this purpose, instead of the
finger. Wash the spring in benzole, and it is ready to
blue. Care and experience are necessary to blue a spring
well, but the practice will repay the time and trouble.
147. Breguet Spring.—The tool for making the
Breguet spring must be somewhat different, as only two
of these springs are made at a time, to allow of the
proper number of coils; so all that is wanted is a slit
cut across the pivot, or small part of the winder (Fig. 44).
The pivot should

project a quarter of (©)
an inch through the ‘

box, and two, in-
stea,dof three, s’mall E'—:L j
holes should be Fig. 44.—Winder for Breguet Spring,

made in the side
of the box. The wire, to give the requisite number of
turns in the flat spring, in a given size, must be flat and
broad ; but when two only are made at a time, the wire
should be very little flattened, or the coils of the spring
will be too close together; although I do not recom-
mend this, it being preferable and more usual to make
three at a time, and to use the flattened wire,

148. Applying the Spring.—The spring can now
be applied to the balance, without being pinned to the
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collet, but merely sprung on, as the centre should be ¢
small, and the time of the vibrations counted. It
will then be seen if the spring is of the exact size
and strength, and if so, it should be pinned in so
that the inner and outer ends terminate in the same
radius, forming a complete circle, or at ‘equal turns,”
as it is called. =~ The vibrations of the spring are
counted by taking the outer coil in a pair of tweezers,
and holding it up until the lower pivot of the balance is
just resting on the board paper, giving at the same time
sufficient motion to the balance to make it vibrate the
time required for counting ; but an experienced timer is
able to tell almost at a glance by the distance the
weight of the balance stretches the spring, when the
outer coil is thus held up, whether it will do or not.

149. Pinning on the 8pring.—In all springing great
care is necessary in pinning the spring on the collet.
Always broach the collet hole before pinning in,
and see that, in the case of a flat spring, the hole
is parallel with the collet, and properly chamfered
at both ends, that the pin has a flat side, and that the
spring is not permanently pinned in till it is nearly true,
for when once on the collet, much difficulty is expe-
rienced in bending the centre inwards. Put the
collet on an arbor, and in the callipers you will see if
the spiral is quite true ; if not, bend it gradually until it
is so. By putting the arbor in the turns the spring can be
got flat. If it is required to make an overcoil or Breguet
spring of this, after having ascertained by counting the
beats that it is the right strength, proceed to turn up
the overcoil as follows, and be careful not to get the
spring out of flat or truth in the operation, as it requires
great skill to get it either flat or true after the outer coil
is turned over. Make a piece of brass wire into the form
of the stud of a sprung-under watch, driving the other
end into a small handle, and when you have drilled,
broached, and chamfered the hole, take the outer coil of
‘the spring through this hole and fasten it with a flat-
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sided pin opposite the hole in the collet. The outer coil
can now be bent over the top any height it requires to
be, and also inwards to suit the stud, without touching
the other parts of the spring ; and with two or three pairs
of tweezers of different sizes, properly made with convex
and concave faces, a little practice will enable you to
make a very nice curve, when, if pinned in so as to
terminate just where the centre springs from the collet,
it will give the best results. The overcoil should be
turned up not less than a full turn, being bent up-
wards and over in a very flowing curve; the sharp
bends or angles frequently seen in springs of this form
applied to Swiss watches should be carefully avoided.

150. Caution about Breguet Spring.—A Breguet
spring should never be applied to a watch with an
index. It is perhaps the best form of spring for a
pocket watch, baving all the properties in action of the
cylindrical spring, and the great advantage of flatness in
form, but any attempts at producing a good timekeeper
with this spring and index pins will end in failure. And
any attempt at getting time in positions by pressing the
outer coil of the flat spring against the outer or inner
pin is mere jobbing, and, even if successful, would require
to be repeated every time the balance had to be taken
out.

For flat springs with indexes I would strongly recom-
mend the plan of pinning & spring into the collet, in
order to get the stud hole and index pins to correspond.

The end of the overcoil of a Breguet spring should
run into the hole in the stud before being pinned in, and
if the stud is screwed into the cock without the balance
it will easily be seen if the jewel hole is in the centre of
the hole in the spring collet, as it should be. This spring
should also be pinned in at equal turns.

151. Chronometer 8pring.—To make a cylindrical
spring for a marine chronometer :—Take a piece of round
brass or German silver (the white metal stands the
heat best), of about five-eighths of an inch in length;
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drill, and broach out a hole in it to about three-eighths
of an inch in diameter, and turn it true on an arbor
to about half an inch; this is the usual size of an or-
dinary “two-day” chronometer spring. Determine the
number of turns you require and the space you wish
them to occupy on the block, leaving it long enough
to have a little plain space at each end after the
spiral is cut ; send it to a fusee cutter with a piece of
the wire you are going to use, and have a groove cut to
fit the wire, not too tightly, and not deeper than half the
thickness of it, to take thirteen turns. If on examina-
tion this spiral be found perfectly true, drill two holes
opposite each other, at the outside of the grooves, large
enough to take a good strong screw, and tap them for a
left-handed screw. Ascertain the length of wire the
spring will take and cut it off the bobbin, as it will not
in that way be so liable to injury from twisting, ete.
The best way of winding the wire on to the block, is to
put an arbor that will take your block into a mainspring
winder (either a clock or chronometer spring winder will
do). The block should be fixed on this arbor with a -
screw, as it is liable to slip round. Make one end of the
wire fast to the block, and attach a good-sized hand-vice
to the other. The weight of the vice will keep the wire
straight and enable you to wind it on to the block flat
and tight; when full, fasten the other end with the
opposite screw. You here find the advantage of the left-
handed screws, which draw the spring tighter, whereas
. right-handed ones would push it loose on the block. Use
brass screws, as they do not become hard and so break in
the holes. Some springers use brass tubing for their
blocks, but this is bad, as you cannot broach it true.
The block should never be thick, as, if so, it requires to
be made so much hotter to harden the spring. It must
now be covered with a thin piece of sheet copper or
platinum, but any metal that will not melt will do,
though platinum is best, as it lasts longer, and saves the
trouble of making new covers so often. Holes must next
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be made in the covering for the two screw heads, and
bound round with fine binding wire ; it will then be ready
for hardening. Make a good coal fire in a grate, and, when
it is well burnt, put a tin or iron box filled with charcoal
on the top ; this is less expensive than filling the grate
with charcoal. 'When red-hot, the charcoal will give
out a slow, even heat, not too fierce, so that you will see
exactly what you are doing. When the spring is at the
required heat (a dull red), plunge it into cold water—cold,
and plenty of it. On taking off the covering, the spring
will be found to be a little loose on the block ; this loose-
ness will not be prevented by using a steel block, as the
wire cools much sooner than the block, and consequently
retains its diameter at the instant of the spring cooling.
Now undo one of the screws, draw the spring tight with
your fingers and thumb, and make the screw fast again ;
the end of the wire may break off, but the left-handed
screw will hold the end of the spring tight.

The spring should be tempered by blazing in oil
while on the block, as before directed for watch springs,
and allowed to cool ; i$ should then be perfectly true and
white. The outer edges should be polished by putting it
on a piece of pith or soft wood that will fill up the
spring, and, while keeping the thumb on the lower
end of it, brushing it upwards with a short-haired
brush, charged with coarse red stuff The inside and
inner edges may be polished on a cork with a piece of
“wood and coarse red stuff, or fine emery, and the outside
on the block on which it has been hardened on an arbor
in the turns; it should then be well cleaned in benzole,
and brushed, when it will be ready for blueing. The
greatest care and cleanliness are necessary in hardening
and tempering a spring, and, above all, it should not be
made too hot. I am satisfied from experience that a
chronometer having such a spring will have little ten-
dency to gain on its rate, as chronometers usually do
when the springs are made too hot, however much they
may be let down afterwards. A chronometer does mot
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gain on its rate, as is generally believed, in proportion to
the hardness of the spring, since, were this so, there is no
reason why practical men should not have found the
exact temper of a spring at which it would neither gain
nor lose on its rate. It is known, however, that a spring
not hardened and tempered loses on its rate, and one
hardened and tempered usually gains, and hence the
theory.

152. Blueing Springs. — There is no advantage
gained by blueing a spring; it is not thereby kept
free from rust. Indeed it is said that steel, when
blued, is in a state of incipient oxidation, and it is
known that the blue spring is more frequently found
rusted in ships’ chronometers than the bright por-
tions of the escapement ; but as it is customary to blue
springs, I will explain how it is done. The best way
to blue a cylindrical spring is upon a block kept for
the purpose, and not used for hardening. The block
should be solid so as to heat slowly, and the grooves be
cut very shallow, and not fitting the spring too closely,
in order that the air may have access to all parts of
it. The spring should be fixed with screws, as if for har-
dening, and the block be placed on end upon a blueing pan
over a spirit lamp. If the parts of the spring nearest
the pan are colouring more than the upper part, the
block must be turned upon the oppositeend. Every part
of the apparatus must be dry and hot before commencing
to blue, and above all things it must be clean, for the
least particle of oil or dust will prevent the spring from
blueing evenly. Covering the block with a short length of
glass tube will prevent external air currents from affect-
ing the spring, and will keep the temperature uniform
within the tube. 'When the spring is the required
colour, set the block down to cool, and, if the spring has
been well polished, it should be a very bright blue.

153. Applying Spring to Chronometer.—The spring
being finished, the most important part of the work
has to be done, namely, applying it. If the ends of the

P
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spring that have been in contact with the block screws
be nipped off, you can proceed to bend in the ends for
the stud and collet. You must have pliers with concave
and convex sides, having pieces of brass pinned or soldered
inside them ; these pieces should be segments of a circle,

- and turned parallel, so that in bending the ends inwards

they may be kept flat, and not bent upwards or down-
wards, as pliers filed this shape would certainly bend
them. More than one pair should be used, with different
curves or segments, so that the spring may be bent
gradually and not more than is necessary. The hole in
the spring collet (which is now seldom made by springers)
should be about half the distance between the centre ot
the staff and the inner side of the spring.

With the collet on a broach, the hole should be
opened from the right-hand side, not parallel with the
collet, but a little upwards, to suit the direction of the
spiral. Pin the spring on temporarily, and if it is out of
truth, unpin it as often as it is necessary to make any
material alteration in the form of the curve; when
nearly true, make the pin a proper length, and pin the
spring in tightly.

The pins should be made with care, round, and as
near the taper of the holes as possible, with about one
third filed off the side, the flat side to go next to the
spring, and the hole should be chamfered at both
ends. By putting the collet (and spring) on an arbor
in the turns, you will see where the spring is out.
It wants careful bending ; always bend it inwards,
until it is quite true; if it is bent too much, and the
curve has to be straightened, the spring will be spoilt.
The collet should now be put in its place on the staff,
and the balance in its position in the chronometer
frame. If the curve is of the proper shape (it should
occupy three-fourths of a circle, and be at the end about
half-way between the centre of the staff and the outer
circle of the spring), mark the stud where the spring
touches it, and drill your hole there ; the spring will then
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run into the hole, and if you broach the hole (as in the
collet) at the angle of the spring, you will have it true
and upright without any more bending, which should
be avoided as much as possible.

My reason for prescribing a length of thirteen turns
is that such a spring, besides having a freer action, will
be isochronous when pinned in at equal turns, while a
shorter one—say of ten or eleven turns—will require to
be pinned in about a quarter of a turn short of equal
turns, the extra length, for the reasons given before, not
requiring any difference in the compensation.

As there is no difference between the springs for a
marine and for a pocket chronometer, except the size, the
method of making the latter is precisely similar.

CHAPTER XVIIL

THE COMPENSATION BALANCE.

154. Middle Temperature Error.—After the inven-
tions of Earnshaw and his contemporaries had brought the
ship’s chronometer to great mechanical perfection, it was
discovered that, though the ordinary compensation balance
(Fig. 46) afforded an adjustment for a limited range of
temperature so near that it was difficult to detect or record
any difference, if the chronometer was subjected to a wide
variation of heat or cold, a very serious deviation from
its rate would be the result. The deviation was found to
be constant, and was this, that if a chronometer be ad-
justed for two given degrees of temperature, say at 30°
and 90° Fahrenheit, and is going to mean time at each
of those degrees, it will gain two to three seconds a day
at 60°. This method of adjusting the chronometer at
two extremes of temperature and dividing the error in
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the balance, gave rise to some confusion of ideas, and
the error was termed the “middle temperature error”
by watchmakers ; most illogically, however, as the error
is greatest in extremes. It was found that it arose from
the compensation weights of the balance not moving
towards the centre fast enough in heat; and a theory
was advanced, and was for a long time adhered to,
that the balance spring lost its elasticity in heat in an
increasing ratio. It was conjectured, however, that the
error arose from some inherent incapacity of the balance,
in the movements of its compensation weights to and
from the centre, to accord exactly with the loss or gain
in the elasticity of the spring in heat or cold.

155. Berthoud’s Experiments.—F. Berthoud found
by experimenting on a chronometer with a plain balance,
that it lost, in a range of temperature of 60° Fahrenheit,
8ix minutes and a half in twenty-four hours ; but he does
not appear to have made his experiments with a view to
ascertain if the loss was equal for equal increments of
heat, but to find its total amount, and to determine how
much of it was due to the spring, and how much to the
balance. He calculated the loss as follows :—

Expansion of the balance . . . 62 seconds.

Loss of the elastic force of the spring . . 312 »

Elongation of the balance spring . . .19 )
Total 393

”»

At a later period the late Mr. Charles Frodsham
obtained a result nearly corresponding with this. Now,
as the results show the loss from the inelasticity of the
spring to be more than five times as much as that arising
from the expansion of the balance itself, it is evident
that the attention of chronometer makers should be kept
directed to this point in their efforts to correct the error.
It is obvious that if some material could be discovered
applicable to the purpose, that would retain its elasticity
for a sufficient length of time, and be less sensitive to
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changes .of temperature, both the primary and secondary
errors would be greatly reduced.

I have already stated the unadvisability of any ill-
considered change of material for the springs of watches,
but perhaps the palladium alloyed springs may at a
future time come into use for marine chronometers, when
the method of drawing the wire and setting them in
shape of an equal hardness, etc., has been more fully
developed.

156. Effect of Temperature upon 8prings.—Taking
it for granted that the elasticity of the spring varies in-
versely with the temperature, and that the weights, or
virtual radius of gyration, move in and out in the same
proportion, it follows that the moment of inertia (which
should follow inversely as the square of this radius) will
not increase sufficiently fast in heat nor decrease sutli-
ciently fast in cold.

Sir E. Beckett shows this mathematically thus :—

Let r be the distance of the compensation weights
from the staff or axis of the balance, and let us call
them both together M; for this purpose we have no-
thing to do with the rest of the balance. Iet dr be
the increase of distance of the weights for some given
decrease of heat. Then the new moment of inertia of

the balance will be M (r* + 2r dr 4 dr’), and the ratio

of the new inertia to the old willbe1 4 Z—fr + (‘E)a; and

p
now the term (?) is too large to be disregarded as it
may be in the similar formula for pendulums, because
dr must be larger in proportion to  than it is in a
pendulum.

Again, the ratio of the moment of inertia for an
equal increase of heal to its amount of inertia in the

middle state will be 1—24 + (?)2 assuming that equal

successive increments of heat produce equal variations
of r, which, however, is not quite the case, as it is in
penduluras. Consequently, the increase of moment of
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inertia for a given rise of temperature is less than its
dr\ 3
decrease for an equal fall by 2 (7') » or the compen-
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sation fails to that extent in one of the three states of
cold, middle, or hot temperature.

Mr. Rigg, in a paper read before the members of the
Society of Arts, Feb., 1879, says:—

“It is not evident, without a little reflection, why
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the error is a gain at temperatures between those for
which the adjustment has been made, and a loss at
temperatures both above and below that range ; but the
figure [Fig. 45] will at once show that such is the case,
Assume the chronometer to be adjusted for 15° and 35°
Centigrade ; take two axes of co-ordinates, and let points
on the vertical axis indicate temperatures; through
these points draw horizontal lines parallel to the other
axis of co-ordinates. If distances are measured along
the lines corresponding to 15° and 35° to indicate the
tension of the balance spring, and a line be drawn through
the points thus determined, the tension at any tempe-
rature will be ascertained, on the assumption that it
varies uniformly. The motion of the weights, however, _
and therefore the moment of inertia, does not vary
uniformly, and must be expressed by points on a curve
of some such form as that shown in the figure. Now, if
the ratio of the tension to the moment of inertia were
invariable, this latter would be determined for all
temperatures by a straight line passing through the
points on the curve at which it is made to correspond.
The figure shows that, between these points, the tension
is relatively in excess, causing a gain ; whereas, beyond
them on either side, the converse is the case, and there is
necessarily a loss.

“The curve just discussed suggests a method of
determining the manner in which the chronometer, as a
whole, varies with the temperature. For assume it to be
accurately adjusted at 15° and 35° and then maintain
it, for periods of twenty-four hours each, successively at
a series of different temperatures; the loss or gain due
to the change will indicate the distance of the corre-
sponding point on the curve to the right or left of the
straight line. Representing now each second by, say,
six inches on a large diagram, the observed rates may be
plotted, and the curve obtained will at once indicate the
gain or loss to be anticipated at any given temperature.

“ And a further extension of this principle suggests
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itself. The abscisse of points on the line of tension
represent forces, and the moment of inertia is also
measured in the same terms. Hence, the interval be-
tween these two lines corresponds to a force dependent
on temperature, and, so long as it can be kept in a
constant proportion to the tension, the rate will be
invariable. Now, a variation measured in seconds really
indicates a change in the proportion subsisting between
the two forces, and a number of carefully-made obser-
vations, through a long range of temperature, might
enable the mathematician to formulate the law governing
the motion of the weights, and thus to determine their
paths.”

157. Safe Range of Temperature.— Mr. Hartnup
uses the following equation for obtaining the rate of
chronometers under observation at the Bidston Obser-

vatory — m—a—ec (T—¢)3

where m is the rate of the chronometer at the observed
temperature ; T, the temperature where it has its greatest
gaining rate ; ¢, the temperature at which it is observed ;
@, the daily rate at the temperature T ; and ¢, the constant
representing the change in the rate consequent on the
variation of the temperature from T to T+ 1°.

This method is a simplification of the former, the
formula containing, as may be seen, only one variable
term, involving the square of the difference of tempe-
rature. In a letter to the Secretary of the Horological
Institute, in reply to one from him on the subject, asking
for particulars of the mode of procedure adopted at his
observatory in rating chronometers, and published in the
Horological Journal of June, 1878, Mr. Hartnup says,
after a description of the method there adopted for
maintaining them in constant given temperatures :—

“The range of temperature to which we can safely
expose a chronometer without the risk of sensibly
changing the state of the oil appears to be so small, that
we have limited this in our trials to the two extremes
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of 552 and 85° (Fahr.), our object being to obtain the
corrections due to imperfections in the halance apart
from other sources of error. When limited to this small
range of temperature, it is necessary to have recourse to
scrupulous accuracy in obtaining the rates at the two
extreme and middle temperatures, and the arrangements
necessary for the accomplishment of this object are far
more difficult to attain than those required for keeping
uniform temperatures.

158. Daily Rate of Chronometer.— ¢ An example
copied from our records will show that an error of two or
three tenths of a second in determining the rate at the
two extreme and middle temperatures, acting in opposite
directions, would be quite sufficient to defeat our object.

¢ Example showing the Mean Daily Rate of a Chronometer ontrial at this
Observatory during a period of Twelve consecutive Wecks.

No. 2720.
Mean Temperature Fahrenheit.
‘Week ending.

55° %0° 85°

1877, Oct. 20 —_ + 2-47s. —
” ” 27 —_ _ + 2438

,» Nov. 3 — + 2:17 —

”» » 10 + 0-82s. — —

”» »n 17 - + 247 -
» » 24 -_— -_ . + 287

» Dec. 1 — + 1-97 —

» » 8 + 0-42 —_ -

”» ”» 15 band + 2'28 —
» » 22 —_ bt + 247

3 I3 29 _ + 1-82 —

1878, Jan. & + 0-47 — —
Means . . + 057 + 2-20 + 259

«Tt will be seen from the above that the rate of this
chronometer in 70° is not the same when the temperature -
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is raised from 55° to 70° as it is when it is lowered
from 859 to 70%, the results being as follows :
“Rate in 70° when the temperature is ¢! —

From 55° to 70°. From 85° to 70°.
+ 2-47s. + 2:17s.
+ 2-47 + 197
+ 2-28 + 1-82
Means + 2-41 + 199

‘“We have the rate of this chronometer for the three
temperatures, 55°, 70°, and 85¢°.
“To find the rate for any intermediate temperature—

Let T—the temperature in which the chronometer has its
maximum gaining rate.
R = the rate at the temperature T.
c=the factor, or constant number, which, multiplied by
the square of any given number of degrees from T,
shows the amount of loss for that number of degrees.”

Let us now apply the formula already given—
m=a—c(r—1t)%

Substituting the three rates and the three tempera-
tures, we have

57 =R — c (T — 55)? (i.)
220 =R — c (T — 70)? (ii.)
2:59 = r — ¢ (T — 85)? (idi.)

Now here are three equations from which can be
found the three unknowns, R, c, T.
Subtracting (ii.) from (i.) and (iii.) from (ii.) we have
—163=—2cr (70 — 55) — ¢ (552 — 702) (iv.)
— 39=—2cr (85 —70) —c (701 — 859  (v.)
Again, subtracting (v.) from (iv.) and remarking that
(70 — 55) = (85 — 70),
we have
— 124 = — ¢ (55% — 707 — 70? + 85% = — 450 c,

4
ot 0= — = 0-002756.
°= 450 !



Chap. XVIL) THE COMPENSATION BALANCE. 235

Again, by adding (iv.) and (v.) to find T,

—202=—2cr (30) + o (852 — 552).
420 :
22000+ 202_ 40 4 199 —g20.
60 ¢
From (i.) B = ‘67 + © (822 — 55)2 = *57 + 204 == 2°61.

The following mode of solution, applicable to any
example, will now be nnderstood.

Ezxample :

Rate in 55° —= + 0'57s. ... r,
r—r —=—163..d.

s 5 709 =+ 2:20 ... #,
Y o— =039 .. d.
» 1w 85°= 4 259 ... ¢",

d—d =-—124,
d4 & =—20.
_20@—d) _— 248 _ 4909756,
307 900
r—70=0 14 _ 202 _ 04

60 x ¢ 116536
T=70 + 122 = 82-2.

R=r — (z—70) %" + 7 — 220 + 122 x 00337 =2'61.

T = 822, R= 2 61. ¢ = 0-002756.
Let N — any number of degrees from T, then the rate at
T+tN=—=R—C X N2,

Required the rate at 60°: N — 22 2 and N2 — 492-84, there-
fore the rate at 60° — 2-61 — (0002756 X 492 84)
=125,

The following are the rates obtained, as above de-
scribed, for each five degrees, from 55° to 85° inclusive :

Temp. 55° 60° 66° 70° 75° 80° 85°,
- Rate + 057 + 1:26 + 1:79 + 2:20 + 2:47 4 2:60 + 2°59.

The maximum gaining rate of this chronometer is
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found to be at 82°, and the difference of rate between
55° and 85° is 202 secs. If the maximum gaining rate
had been placed at 70°, the difference between 55° and
85° would have been only 062 sec. The factor c=
0-002756, and this is about the average for a chronometer
with the ordinary balance.

159. Duration of Test.—The length of time neces-
sary to test a chronometer efficiently for thermal adjust-
ment depends on the quality of the instrument. In the
example given the chronometer is a fairly good one, and
tive weeks would have supplied the data for making the
calculations sufficiently accurate for most practical pur-
poses. In a twelve weeks’ test we have six changes to
70°, three to 55°, and three to 85°.

In a report to the Marine Committee of the Mersey
Docks and Harbour Board, Mr. Hartnup shows thata
chronometer going for a period of twenty-eight weeks
has a total error of 334 seconds of time, whereas if it
had been corrected for temperature in the foregoing
manner, its error would have been 12 seconds only.

¢ EXPLANATION OF TABLE IV.

“Columns 1 to 4 have been copied from the pub-
lished rates of chronometers on trial at Greenwich in
1878, for purchase by the Admiralty. The weekly sums
of daily rates in column 4 are those of the chronometer
lowest on the list in order of merit. The rates in
column 5 have been calculated in the same way as those
for No. 1a, Table IIL [see pp. 234—5]. Column 6 shows
the difference between the calculated and the observed
weekly sums of daily rates. The weekly range of
temperature being large, it is probable that the mean of
the maximum and minimum thermometers may not
represent very accurately the true mean temperature,
and an error of one degree in some of the low tempera-
tures would cause a difference in the calculated weekly
sums of daily rates of between two and three seconds of
time.



237

THE COMPENSATION BALANCE.

Chap. XVIL]

®
-«
+

[++1 |+

+

I+11 1+

QR OO HOD W WWDPO D
N ONSN~OBNS WO W

¢-.061 + . 6-981 + g9I + GIS1— L.LPI— b
991 + _ 118 + 1« e+ % — 6L — 19|% o0 “
L1+ o1t + 0z . “ 19— €9I1— 3B0TI— 8|Ly €1
ezt + | eL1+ T ¢ T6— GL8— 09— 39|zp 9 (udy
391 + _ g.ot + 9 Amgf 89T — L66— 6RT— T19,1%y 08 “
6L1 + | g.e1 + 66 “ 1+ 922+ 961+ €108 g5 “
001+ | 9% + 4 61+ 82+ 603+ ] S
013 + | 613 + a1 9.0+ LIZ+ 113+ 6 “
1.3% + 7 ¢.01 + g ¥+ 185+ 061+ ¢ I8y
€25 + | 6-61 + 1 eunp 06+ Q91— 993 — g -
263 + 7 8-2¢ + gz “ 93+ ¥$8%3— 0.18— 91 “
08 + 901+ g1 “ 10— 69— 89— 6 “
89 + ;6¢ + | § S 8.0 — 98— L33 — & 9940
03 + _m.o + v Lew 9+ e28— 9Lz 9% “
¢ — 01 — tzmdy .01+ 83— L8g— 61 wep
g | Posa0 g onstho By peaIeEqo 1V wIR surpuo
e L : o e

* A oxn! 973} 10, uot *893%" o

o wﬂw.m bﬂwm A .auomnwoa . ~8[nore) Jjo mnwuw hﬂw@? .ﬂ&nwoa
‘8190 A $T PUROOSE oY} X0 SO M FT 98117 oq3 30

‘Al d'I9VL



238 WATCH AND CLOCK MAKING. [Chap. XVIL

“ Difference between the first and second 14 weeks.
Uncorrected for change of temperature — 334 seconds of time.
Corrected for change of temperature — 12 seconds of time.

¢ At the time of the trial the maximum gaining rate
of this chronometer was +3-32 secs. in a temperature of
87°, and the factor ¢ was —0:0045. The temperature
used in the calculations is the mean of the maximum
and minimum thermometers shown in columns 2 and 3.
The weekly range of temperature is large, and a small
error in the mean would cause a large difference in the
calculated rate. For the week ending March 30th, two
degrees of Fahrenheit would make a difference of five
seconds in the calculated weekly sum of daily rates, the
mean temperature for that week being upwards of 40°
from the temperature in which the chronometer had its
maximum gaining rate.”

160. Airy’s Experiments.—Sir G. B. Airy, in ex-
periments which he made in the year 1859 with one
of Charles Frodsham’s chronometers, with a plain brass
balance fitted experimentally for the purpose, found the
loss consequent on each increment of heat to be 6:11 secs.
for one degree (Fahr.) in twenty-four hours. Referring
to this result, Mr. Frodsham, in his report to H.M. Coom-
missioners of the International Exhibition, 1862, says:—

“The strength of springs being inversely as their
length, and the effect on time as the square roots of
their lengths, the loss amounts to about 17 seconds
per diem for 60° of increased temperature. The decrease
of rate by the expansion of the balance is also easily
found by figures, it being inversely as the diameter, and
in a plain brass balance amounts to about 63 seconds
per diem for a change of temperature of 60° of Fahr.
But 17 4 63 = 80 only, whilst the fact is established of
a uniform rate of 6-11 seconds for each degree of Fahr.;
and since 6°11 x 60 = 367 seconds, it leaves 247 seconds
of daily rate still to be accounted for, and this has been
satisfactorily proved to arise from the spring’s loss of
elastic force by an increase of temperature.” And again,
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after remarking upon the smallness of the error of 4
seconds in a range of 60°, which the ordinary compen-
sation balance fails (from its inherent defect) to remedy,
and observing that if the motion were required to be
greater than it is we should have a greatly increased error
in the extremes, whilst the reverse effect would arise if the
main error were less, Mr. Frodsham goes on to say: “ The
total decrease of the diameter of the compensation balance
to restore the chronometer to time for a daily loss of 367
seconds for 60° of temperature by a direct motion is
but 5% of its diameter, or about ;%5 at the compen-
sation masses or weights. But it requires 80° of laminz
to effect this object, because this motion is not direct,
but by leverage, and moves diagonally, and consequently
with loss of motion in the ratio of the hypothenuse to
the perpendicular ; whilst, therefore, the direct.decrease
of the diameter of the balance of 1544 affects a com-
pensation 6 min. 7 secs., the compensation weights or
masses being moved nine times that quantity on the
circular compensation rim would only correct the com-
pensation to the amount of one second daily, supposing
the weights to stand at 90° on the compensation laminze.
Thus the travelling forward in heat and backward in
cold, instead of towards the centre, is one of the chief
causes of the error in the extremes. The forward or
diagonal motion I have proved to amount to nearly the
entire motion towards the centre of the balance.

These are the true causes of the error, and show tha.t to
obtain perfect and uniform compensation, the masses
should move telescopically in the same ratio and uni-
form manner that the plain balance is known to expand,
and the balance spring to lengthen and lose its elastic
force.”

161. Hartnup’s SBuggestions for Checking the Error.
—Mr. Hartnup, in his report, says that after supplying
the necessary data for making the calculations for varia-
tions of the ordinary balance, where full advantage was
taken of the information given, he found it necessary,
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in order to show the practical utility of his method, to
furnish the mariner with the calculated rates for the
various temperatures to which his ship was likely to be
exposed, and to supply him with the means of keeping
a systematic record of the performance of his chrono-
meters at sea. Following up this idea, he prepared
a skeleton form for recording the observations at
sea. The manager of the Pacific Steam Navigation
Company had this form printed, and the ships of the
Company were supplied with books containing these
forms. For still further reducing the error, Mr. Hart-
nup recommends that every vessel should carry three
chronometers, the differences of Greenwich mean time
between the first and second and the second and third
being found daily, both by calculation and comparison;
any change in the rate of one chronometer will thus be
shown by its agreement or disagreement with the other
two. He says:—*The whole of this process is only the
work of a few minutes, and a record of the calculated
Greenwich mean time, und the performance of the
instruments relatively to each other, is preserved for
future reference.”

The following table shows that the loss that occurs
beyond the maximum gaining rate of the chronometer
increases as the square of the increase of temperature
from that point multiplied by the factor ¢, which is
obtained as before explained.

For 10° — 03 seconds.
sy 12°6° = 0-37 »

s 15 — 0676 ’

s 1769 = 092 ”

, 200 = 12 "

» 30° = 27 ”

, 40° —= 48 »

s, 00° = T8 »

s 60° =108 »

If the errors of chronometers were approximately
tabulated as suggested, this would be the proper way to
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adjust them, and not by getting them to time at tWwo ex-
tremes ; but if a rate is given with a chronometer which
it is supposed to keep, this plan of adjustment will not do.

As Mr. Hartnup’s calculations are based solely upon
the ratio of the expansion and contraction of the
balance to the elasticity of the spring, the other sources
of error are not taken into account, and these somewhat
modify in practice his conclusions, the error of nearly
eleven seconds in a range of temperature of 60° being
more than most chronometer makers have found in the
ordinary balance.

162. Adjustment of Chronometers.—Mr. Charles
Frodsham says :—*“ With balances of the best proportions
chronometers may be adjusted to within 4 seconds of
daily error for a change of temperature of 60° Fahr., but
if we adjust for extremes we gain in the middle tem-
peratures, thus :—

Thermometer 90° daily rate 0°0 seconds
» 60° ,, +2 5 gaining

o
” 30 ” ”»

“If we adjust for heat and middle, we have the
following :—
Thermometer 90° daily rate 0-0
00

”» 60° ” ”
» 30° ,, —40105mg

“ And if we adjust for the middle and low, we have
the following :—

Thermometer 30° ,, , 00

”» 60° ” ” 0 0

40

”» 90° ,, losing

and most chronometer springers consider that the average
error of the ordinary balance is from 4 to 5 seconds
a day in a range of temperature of 60° Fahr.”

163. The Error of the Compensation Balance.—
Sir E. Beckett says, speaking of the error of the com-
pensation balance :—¢ I believe it has never been dis-

Q
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puted that old Mr. Dent was the first person to explain
the cause of this error in the ‘Nautical Magazine’ in
1833.”

It is not probable that the men who first discovered
the error of the Earnshaw balance knew as much about
the cause of it as we do now, but long before Mr. Dent’s
explanation of it they knmew that if a chronometer
was adjusted at any two given temperatures, and was
going to mean time at those temperatures, it would gain
on this rate at any temperature between the two, and
lose on its rate if the temperature went beyond them.
And they knew that this arose from the fact that the
compensation weights of the balance were not carried to
the centre fast enough in heat, and receded from it too
fast in cold. .

CHAPTER XVIIL

PERMANENT COMPENSATION BALANCE.

164. Hardy’s Balance—In 1804, Williatn Hardy,
watchmaker, invented a balance (shown in Fig 47)
wholly different in form to the circular balanoe in com-
mon use. He called it a permanent compensation balance,
and in his description of it he says:—“ It will carry the
weights to the centre quicker in heat than they are made
to recede in cold,” Hardy evidently knew what was
wanted, although he did not succeed in obtaining it, as
his balance never could have answered the description he
gave of its action. However, he received the
of the Society of Arts, who gave him thirty guineas for
his invention, and he afterwards obtained the gold medal
of the Society and a prize of fifty guineas for the in-
vention of an escapement which has been very little
heard of since. ’

Hardy’s balance (Fig. 47) consists of a diametrical
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bar, having two small pillars rising vertically at its ends,
upon which are screwed the compensation weights, a a.
The bar is not a lamina, but consists of two distinct
pieces of metal, the pillars or standards being riveted
to the lowermost, which is of brass, at s and &; the top
piece, which is steel, is filed thinner at the ends, the
riveting of the standards holding it tightly against a
shoulder which is left upon each for that purpose at the

Fig. 46.—Ordinary Compensation Balance with sliding weights.

ends. A boss is left upon and between these pieces at
the centre, through which they are screwed to the col-
let on the staff, in the same way as an ordinary
chronometer balance, and these are the only places where
the pieces are in contact. The steel bar is filed very thin
at the ends, in order to offer less resistance to the brass
when expanding, on the same principle as having the
steel thin in"the lamin® of an ordinary balance. The
compensation acts thus in heat: the steel bar not
expanding so much as the brass one, ¢ ¢, the standards
which carry the weights form a sort of lever, of which
the ends of either bar may be considered the fulerums,
and the weights are drawn or driven to and from the
centre or axis of the balance in heat and cold. But the
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standards upon which they are fixed having no action
in themselves, the weights cannot approach or recede
from the centre in heat and cold in any other ratio than
do those of an ordinary circular balance, to which this
balance is obviously inferior for various reasons. The
screws, ¢ ¢, are used as timing screws.

This balance differed in form from any that had been
made before it, and suggested some others that were

Fig. 47.—Hardy’s Balance.

afterwards made on the same principle, which have given
the best results.

165, Eiffe’'s or Molineux’s Balance.—In 1840 Robert
Molineux patented an auxiliary compensation
but it happened that at the time he obtained his patemt,
E. J. Eiffe had a chronometer on trial at Greenwich with
auxiliary pieces exactly similar to those for which he
obtained his patent. For this, on the recommendation
of the Astronomer Royal, Sir G. B. Airy, Mr. Eiffe re-
ceived from the Lords of the Admiralty a reward of £300.
As, however, the patent was secured by Molineux, this
balance was generally called after him in the trade.

In speaking of compensation balances some years ago,
I incidentally mentioned this balance, describing it as
Molineux’s, and it was at that time, as hefore mentioned,
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that Mr. Eiffe, then an old man, wrote to me reminding
me of the above grant, and of the decision of the

Astronomer Royal in
his favour,

This was the first
auxiliary which secured
practically the object
in view, namely, the
diminution of the in-
ertia in heat, and wice
versd, in the ratio of
thespring’s alteration of
elasticity. It was very
successful in the hands
of its first inventors, be-
ing high up on the list
at the Greenwich trials
on several occasions,

Fig. 48,—Eiffe’s or Molineux’s Balance.

Its action is shown in Figs. 48 and 48 o. Mr. Moli-

¥ig. 48a.—Eiffe’s or Molineux’s Balance,

neux thus describes it :
—“Having in the
usual manner compen-
sated the balance, so
that its vibration shall
be equal at the tempe-
ratures of 30° and
55° Fahrenheit, it will
be found that if the
temperature be raised
to a greater heat such
balance will vibrate, so
that the chronometer
will lose its time or
decrease its rate; but
by this invention I
am enabled to com-

pensate for the loss in the following manner : —
¢ In Fig. 48 the balance, with its supplementary pieces,
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is shown in the position it assumes at the temperature
of 55°, its rim being then considered circular, and the
middle projecting portions of the supplementary pieces
banked in contact with the rim. Now, if the tempers-
ture be raised, the balance rim, with the supplementary
oompensatmg pleces, will come into the position shown

in Fig. 484, in which, from the increase of heat, the
balance has ceased to be circular, its free emds, to
which the adjusting screws are attached, having
approached nearer the centre of the balance, and with
them carried the free ends of the supplementary com-
pensating pieces, so that their middle projecting portions
no longer bank on or are in contact with the inner side
of the balance rim, and thus, by a proper adjustment of
the length, position, and weight of the supplementary
compensating pieces, I am enabled to compensate for
temperatures above that at which the balance has been
adjusted, while the adjustment for temperatures of 30°
and 50°, to which the balance had been before adjusted,
remains unim »

Molineux made chronometers with this auxiliary,
and one with a balance of this construction was tried
at Greenwich Observatory in 1840 for thirty weeks, in
temperatures ranging from 18° to 110° Fahremheit, its
error during that time being 11'4 seconds between the
least and greatest, and 4'3 seconds between one week
and the next. This was very good performance in such
a long range of temperature, and with a construction of
the balance that is now thought but very little of; and
it shows what may be done by careful manipulation, even
where the principle is not to be commended. Molineux’s
chronometers were very well and carefully made. I have
seen them with a small ruby set in the piece
for the screw in the free end of the lamina to act
against.*

* It may be of interest to notice that the fourth chronometer on

the list at the annual Greenwich trial in 1834 was furnished with this
a .
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These auxiliary pieces act only in heat. They are
made of two pieces of steel, which are screwed to the
rim or to the arm of the balance, the outer half being
left thick, and bhaving holes drilled along it to allow
of the screw which forms the auxiliary weight being
shifted for adjustment, and a heel left projecting, whlch
rests against the short end of the balance rim, and fro:
that part backwards the pieces are filed to thin sprmgs.
Assuming that the chronometer is adjusted and right at
30° and 60° (without the auxiliary), if the temperature
is raised to 90° the rim of the balance will go nearer the
centre, and the small screw in it will push the auxiliary
piece, weight and all, before it, and, by diminishing the
radius of gyration, cause the chronometer to gain the
four seconds it is calculated to lose with an ordinary
balance so adjusted.

166. Dent’s Balance.—Although many modifications
of this principle have been made, some of them with good
results, it has the dis-
advantage of acting only
at high temperatures,
added to which, the
mechanical action of

in contact is unre-
liable, the thin springs
upon which the auxili-
aries are carried being
another weak point.
These considerations, and
the necessity for great
care and skill in the
operator to make this Fig. 40.—Dent’s Balunce,
auxiliary of any wuse,
render it unfit for ordinary work-a-day instruments.
Dent took up Hardy’s idea of a balance, and made a
great many varieties of it, of which the one shown in
Fig. 49 gave the best results. His object was to make
a balance that would do what Hardy professed his
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capable of doing, namely, carry the compensation weights
to and from the centre quicker in heat and slower in
cold, and also make its action continuous:

The principal compensation in this balance is in the
diametrical bar, which is the usual compound one of
brass and steel, the brass being underneath the steel. But
instead of the compensation weights being set on pillars
rising from it, as in Hardy’s balance, they are fixed to

‘Fig. 50.—Hartnup’s Balance,

bent pieces of laminz, ¢ ¢, having the brass inside;
these laminz, upon the bending upwards of the bar in
heat, move the weights more directly towards the centre.
The compensation may be adjusted by shifting the
weights, v v, along the lamine, giving them more or
less action, or by turning the laminz round a little on
the bar for the same object. The final adjustment for
temperatures is made by screwing the weights to or
from the lamins on their pillars.

167. Hartnup’s Balance.—Another modification of
Hardy’s principle is shown in the balance invented by
Mr. Hartnup. Mr. Hartnup was not seized with a
desire of becoming famous in his generation as an in-
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ventor in this way without knowing in what direction
improvement was required, as is too often the case
with inventors. But knowing wherein lay the weak-
nesses of all the compensation balances that had been
hitherto invented and made, he set about in a rational
manner to avoid them, and suggested a new form of
balance to Mr. Wm. Shepherd, a watchmaker of Liver-
pool, which he thought would give more satisfactory re-
sults, He laid down the rule that the balance must be
circular, so that it could be made with facility in the
lathe, and be more likely to keep its poise in the varying
temperatures.  After repeated trials, Mr. Shepherd
produced the balance shown in Fig. 50. The centre
bar, @ @, is a lamina of brass and steel, the brass being on
the top ; the parallel bars, b b, are also compound bars,
with the steel in them uppermost, and these bars are
solid with the rim, being fixed to the centre bar with
four small screws on each side. The rim, d d, has the
brass outside, as in the ordinary balance, but instead of
being at a right angle to the bar, it isat an angle of 45°,
being what is termed * dished.”

The balance acts thus in heat: the centre arm
bends downwards, while the two arms, b and 3, havmg
the lamine reversed, bend upwards, and the action of
the two together is to throw the rim of the balance
inwards all round, and thus diminish its circumference
(and not in part only, as in the Earnshaw balance), and,
from the form of the rim, the circumference dlmmxshw
more rapidly the more heat is given to it. The rim acts
in the same way as the rim of the ordinary balance, but,
from its form, in a less degree, and consequently, there is
less of the error of the ordinary balance.

In cold, the lamin# acting the reverse way tend to
flatten the rim, and there is, therefore, less motion of
the weights from the centre in cold than there is towards
it in heat. The compensation weights, e ¢, are at the
same angle as the rim, and the mean time screws, c c,
are placed within the circle of the balance rim. It will



—_——

250 WATCH AND CLOCK MAKING. [Chap. XVIIL

at once be seen, therefore, that the action of this balance

comes nearer to that of the plain uncut balanoce in its

expansion and contraction than any balance yet noticed.

The adjustment for compensation is effected in the usual

way, and although the movement of the weights along

the rim is less effective than in the ordinary balance, it

affords a sufficient adjustment. Several chronometers

with these balances were made by Mr. Shepherd, which

fulfilled the expectations of himself and Mr. Hartnup;

the latter gave the rates of three chronometers with

these balances for a considerable period in temperatures

ranging from 31° to 105°, which showed very little

variation that could be attributed to imperfect com-

pensation. But although the balance was given freely to

the trade, and a good many of them were made and

applied at first, they did not seem to answer as well

with others as they had done with Mr. Shepherd, the

original maker. The

balance was, for one

thing, difficult to

make, and conse

quently expensive—

that is, in comparison

with the ordinary bal-

ance,—but the great-

est drawback was the

necessity of making it

in two pieces, which

added to the difficulty

and uncertainty of

turning it out perfect,

go that at present it

may be said to be

Fig. 51,—Poole’s Auxiliary, abandoned, but there

is a principle in the

bevelled rim which, I think, may yet be further de-
veloped.

168. Poole’s Balance.—The balance known as Poole’s
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auxiliary is, in fact, not an auxiliary at all, but is a
hindrance rather than a help to the action of the balance.
It was devised by the late Mr. John Poole, and consists
of the application of a stop to the ordinary balance ; it is
in its nature so simple that it needs very little describing
(Fig. 61). The principle of stopping or interfering with
the main compensation of the balance looks very un-
promising at first sight, but it has had more success in
practice than any other form of secondary compensation.
The short segments of a circle of brass are screwed firmly
on to the outside of the rim of the balance, opposite the
arm ; the ends of the pieces that project towards the free
end of the lamin are filed away from the inside, so that
they are free of the rim, and one or two small screws
are tapped into these pieces so as to be brought to bear
against the rim of the balance at any given temperature ;
they are the ordinary timing screws. Unlike most secon-
dary compensations, this one acts only in cold ; the mode
of adjustment is simple, and is just the reverse of
Molineux’s.

If, in accordance with Mr. Frodsham’s table, the
chronometer is adjusted at 90° and 60°, and is going to
time at these two points, it will lose 4 seconds or more
at 30°. If, then, the small screws in the check piece
are screwed in until they just touch the rim of the
balance at a temperature of 50° or 60°, as the rim goes
out with a lowering of the temperature these screws
offer sufficient resistance to it, if in the right places,
to prevent the loss of 4 or more seconds, which the
balance would otherwise do. Mr. Poole made a great
many chronometers for the trade, and with this balance
a great many chronometer makers to the Admiralty.
The Poole check has been successful in the hands of
other chronometer makers, and from its simplicity and
lowness of price has been more generally used than any
other form of secondary compensation.

169. Loseby’s Balance.—Mr. E. F. Loseby obtained
a patent for an improvement of a balance invented by
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Le Roy, but Loseby’s modification was so good in prin-
ciple, and so exceedingly well executed, that it is the
admiration of all chronometer makers.

Le Roy’s balance had small thermometers attached,
the spirit which they contained expanding radially to
the centre in heat. Loseby,
however, substituted two
curved tubes containing mer-
cury sealed, with a little air
in them, with the bulbs out-
wards (Fig. 52). These bulbs
were held in a cup-joint at
the extremity of the ordinary
laminated arm of the bal-
ance, and by bending this
joint inwards or outwards,

Fig. 52.—Loseby’s Balanoe, the direction of the mercury

in its expansion and con-
traction could be altered and the adjustmeut completed
c¢ are the laminated arms, ww' the _compensation
weights, ¢ ¢ the timing screws or nuts, £+ the joints
which hold the bulbs, and m m' the small mercurial
thermometers.

The arms ¢ ¢, by bending in in heat, alter the
direction of the mercury in the tubes, which thus goes
in more directly to the centre, and when going outwards
in cold, have the contrary effect.

Theoretically, this seems the best balance yet
applied to a chronometer, and during the seven years
Mr. Loseby sent chronometers with this balance to
Greenwich, he held a very high place in the trials
notwithstanding that, as he was not a manufacturer on
a large scale, he had few chronometers to choose from.
He applied to Government several times for a reward for
his invention, but his applications being unfavourably
reported upon by the Astronomer Royal, he never
received one, and being ultimately disappointed and
dissatisfied with what he considered unjust treatment,
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he, in 1853, retired from the Greenwich competitions
altogether.

170. Kullberg’s Balance.—Kullberg’s flat rim balance
is another modification of the Hardy-Hartnup principle,
as may be seen from the accompanying figure (Fig. 53).
The arm and rim of this balance are in the same plane ;
the bar is & compound one of brass and steel, the brass
being uppermost; the rim has the lamina reversed. :

The rim of this balance has much less action towards
the centre than it would have if it were perpendicular,
but it has a little, and the
compensation is effected by
the bar bending downwards
in heat; and as the rim is
offering resistance and bend-
ing upwards, the effect of
the two actions is to tilt
the weights, c ¢/, which are
placed at the extreme free
end of the rim, upwards , .
and inwards; thg two T Srne s Flstrin
screws, ¢, at right angles
to the compensation weights, ¢ ¢/, are the mean time screws
or nuts. The balance is cut close to the bar ; the rim at
its extremities has short circular segments standing up
from it, which carry the compensation weights ; these short
pieces give little room for the adjustment in heat and cold,
but the compensation is also affected by the distance the
weights are fixed from the plane of the balance, the two
small screws seen in each weight being placed there to
determine this height from the rim. Mr. Kullberg has
been very successful with this balance in the Greenwich
trials, but it needs to be very well made, and there is
considerable difficulty in fusing brass on to two sides of
a piece of flat steel, as in this balance; soundly and without
flaws. The bar and rim must not be thick, otherwise
the compensation will not be active enough ; and as the
compensation weights require to be at the extreme ends
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of the rim, and the leverage from the balance staff to
them is 80 great, the least external motion will give the
weights a lateral vibration, and any damage they may
receive from careless handling will alter the compen-
sation. Thus, however perfect their performance may
be when they are carefully handled, they are obviously
less fit for the rather rough treatment to which chrono-
meters at sea are often subjected than a more rigd
balance would be.

Mr. Kullberg informs me that it is not with this
balance he has achieved his latest suooesses, but with

another, the particulars of
which he has n ubluhed.
171. Kullbarg?

Balance.—Another ba.lance by
Mr. Kullberg is shown in Fig.
54; he describes it as an im-
proved ordinary balance, the
auxiliary piece being made from
a part of the rim of the ordi-
nary balance. Its action is
S~ somewhat similar to that of
Fig. S4—Kullberg's Improved  Pogle’s balance, as it acts in
cold only, and has & check-
piece ; but unlike Poole’s check, which acts on the entire
balance rim, this one checks only the secondary ocompen-
sation pieces, leaving the main adjustment free. I have
seen no record of the performance of chronometers with
this balance, but it seems to have all the elements of a
good one, namely, simplicity and stre
The main compensation weights and the mean time
nuts act in no wise differently from those of an ordinary
balance. The rim is cut nearer the middle than usual,
giving about two-thirds for the main compensation,
and one-third for the auxiliary ; the short section of the
rim is divided into two by a slit cut in the middle, from
the mean time nut to the screw A, which acts as the
auxiliary weight. When the balance is being croused
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out, a portion of the steel from which the arms are
formed 1s left projecting to strengthen the bottom half of
this short piece of the rim, at the extreme end of which
a knee is left at ¢, and a small screw is tapped into the
bottom piece, which is cut through between the screws A
and B; the top piece with the knee attached, and the
screw A, form the auxiliary, the action of which is easily
seen from the diagram. As the bottom piece is rigid,
the top piece, or auxiliary, is prevented from going out
in cold by the knee ¢ coming in contact with the point
of the screw B. If, therefore, the chronometer be adjusted
by the main compensation weights at 50° and 90° (which
may be done before the short section of the rim is divided
into two), when the auxiliary is separated from the
bottom piece, if the screw B be brought close to the knee
c at a temperature of 50°, it will prevent the auxiliary
from going out farther if the temperature is lowered.

The lower part of this short piece might have some
action, according to the thickness of the steel attached to
it, and need not therefore be a rigid stop, as if it had any
action, it would be in the same direction as the other por-
tions of the laminse, and the means of correctly adjusting
the secondary compensation will depend on the resistance
offered by the stop and the weight of the screw in the
auxiliary piece.

" As the auxiliary piece is too narrow to have more
than one hole drilled for the screw without weakening
it, a weight, made to slide on it like the main compen-
sation weight, would facilitate the means of adjusting the
secondary compensation.

172. Mercer’'s Balance.—Mr. Mercer modified the
Molineux-Eiffe balance, and obtained very good results
from it through a long range of temperature. As shown
in Fig. 55, instead of the auxiliary weight being attached
to a thin spring, to be pushed inwards by the free end of
tke rim of the balance, or, as in some of Molineux’s
balances, to a short piece of lamina screwed to the rim of
the balance, he had a piece of lamina made, three-quarters
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of an inch long, about the substance of the rim of a 12-size
watch balance, fastened to which is a small sole-piece,
which is screwed to the arm of the balance. These laminz
act in heat, and are stopped in cold by the screws A%
which can be adjusted so as to stop them at any required
temperature. The screws m m' are the secondary com-
pensation weights, and this
compensation can be made
more or less effective by
shifting them to or from the
ends of the laminge, in which
4 are a series of small holes
to receive them. This aux-
iliary acting only in heat,
and not being constant, the
mode of adjusting it is the
same as that of most others

Fig. 55.—Mercer's Balanoe. of a similar principle. 1f

the main compensation from
the coldest point determined on to 50° or 60° is effected
with the auxiliary pieces taken off, or by screwing the
small screws A 2’ in until they prevent them from
the secondary compensation is adjusted by setting the
screws h A’ in such a position that the auxiliary lamins
cannot go out in temperatures beyond the highest to
which the main compensation has been made, but they
are free to go in beyond that temperature.

Mr. Mercer has been very successful at the Greenwich
trials with this balance, and it may be credited with
making several of the numerous chronometer makers
to the Admiralty.

173. Airy’s Compensation Bar—For a long time
Sir George Airy advocated some means of acting on
the balance spring in order to enable a final adjustment
for compensation to be made without the necessity of re-
moving the balance from the chronometer, and, some years
ago, he invented what he called a compensation bar, which
at first he required to be put to all chronometers sent to




Chap. XVIIL] PERMANENT COMPENSATION BALANCE. 257

the observatory for trial, but which condition he after-
wards modified. This arrangement consists of a steel
radial bar fixed friction-tight on the balance staff under-
neath the spring collet. The extremities of the bar have
short springs fixed to them, and carry two small weights ;
they are set on so as to keep these weights slightly pressed
against the inside of the rim of the balance. By moving
the bar round on the staff, these weights are -brought
nearer to or farther from the free end of the rim, and
affect the compensation somewhat after the manner of
Molineux’s invention.

The trade disapproved of this, however, and it has
never been employed except in chronometers sent to the
Greenwich trials.

174. Chronometer Balances.—Chronometer balances
may be divided into two classes, the vertical and hori-
zontal. The former, including all the balances made after
Hardy'’s idea, are certainly the more perfect theoretically,
as they admit of constructions that comply with the con-
dition of the weights going to the centre in the necessary
ratio, but they are all more or less weak ; and if the rim
is bent out of its original shape, either by an excess of
heat or cold, or by accident, the compensation will be
altered ; they are also more difficult to make, and have
never come into general use in any form. The horizontal
balance has a known, and so far an incurable, defect in
principle, and all auxiliaries applied to it are discon-
tinuous, acting either in heat or cold only ; but in other
respects it is so well adapted to a portable timekeeper
that it is likely to hold its ground, with all its defects

175. Chronometer Trials. — The annual trials of
chronometers at the Royal Observatory for purchase by
the Admiralty give an undoubted stimulus to chronometer
makers to improve the science of horology, although with
the yearly increasing number of steam-ships, and conse-
quently shorter voyages, chronometers are of less import-
ance to navigators than when voyages extended over
longer periods. It would, however, be a great improvement

R
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on the present system if no chronometer were to be received
for trial except from and in the name of the bond fide
maker of the instrument, and if the Lords of the Admi-
ralty were to offer, as they formerly did, rewards of three,
two, and one hundred pounds for the first three chrono-
meters on the list, instead of taking it for granted that no
further improvement is possible, and paying such a price
for the best as makes it worth the while only of those
who desire to have the title of chronometer maker to
the Admiralty to compete.

CHAPTER XIX,

KEYLESS WORK.

176. Caron’s Keyless Watch.—The first keyless work
of which we have any account was made by Peter Caron,
a celebrated Paris watchmaker (afterwards styled Besu-
marchais), for Madame de Pompadour about the year
1752. It is thus described by him :—¢* A watch in a
ring . . . It is only four lignes in diameter, and
two-thirds of a ligne in height between the plates. To
render this ring more commodious, I have contrived, in-
stead of a key, a circle round the dial, carrying a little
projecting hook. By drawing this hook with the nail
two-thirds round the dial the ring is rewound, and it goes
for thirty hours.”

177. Other Contrivances.—Many contrivances have
been imagined since this invention for dispensing with
the key in winding the watch, such as by drawing out the
push piece in the pendant, and pushing it back again, and
opening and shutting the cover of the case, &ec. ; but they
were all more or less complicated, took up a great deal
of room in an instrument, where there is never much to
spare, and were consequently out of favour, especially
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with watchmakers, and never generally made. They were,
in fact, merely mechanical toys, constructed from time to
time for amateurs, or for persons of distinction, more as
a proof of the maker's mechanical ingenuity than for

I.
Fig. 56.—Prest’s Keyless Work.

anything else. The Emperor Napoleon possessed one of
these watches, which is said to have been wound by the
motion given to a pendulous weight in walking, as in a
pedometer.

178. Prest’s Keyless Work.—In 1820 Thomas Prest,
of Chigwell, in Essex, took out a patent for ‘“a new and
additional movement applied to a watch to enable it to
be wound up by the pendant knob, without any detached
key or winder.” Fig. 56 represents Prest’s winding ar-
rangement, of which the following (taken from his specifi-
cation) is a description :—
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Fig. 56, 1., represents the back of the pillar plate wher
the dial is taken off. Fig. 56, II., represents the actior
of the pendant pinion 3 into the under part of the
wheel B, which is not so distinctly seen in Fig. 56, I

In Fig. 56, I., A is a brass wheel, fixed on the square of
the barrel arbor, and secured by the pin, 2; B is the wheel of
communication between the pendant pinion 3 and wheela
This wheel B has the same number of teeth as wheel &
but the underside next to the pillar plate is hollowed, s
that the teeth have a double action sideways, or laterally,
into the wheel A, and downwards, or vertically, into the
pinion 3 (for this vertical action see Fig. 56, IL, where the
teeth of wheel B act above the pinion 3). 3,is the pendan
pinion, whose arbor 4 passes through the pendant shan}
8 ; the end of the arbor is squared to receive the knot
5 fitted thereon, and secured by a nut. In Fig. 56, IL
7 is the arbor of the wheel B; 5, pendant knob, whicl
being turned gives motion to the wheel B, which turn:
wheel A, which turns the barrel arbor, and therebj
winds up the mainspring. 6 and 6 are two clicks whict
secure the wheel A, and consequently the barrel arbor ir
its place, till the mainspring developing itself require:
to be wound up again, by turning the pendant knob as
before.

Prest’s invention was to some extent adopted by the
trade at the time, a good many of these watches being
made for or by J. R. Arnold, and it is the undoubted
parent of the present keyless watch ; but great improve-
ments having been made in the lever escapement by
Savage and others, and a demand having arisen for more
accurate timekeepers, keyless watches were abandoned,
as Prest’s mechanism could be applied only to going
barrel watches, and for many years (embracing the time
of the greatest prosperity of the watch trade in England)
no keyless watches were made here.

179. Swiss Keyless Work.—The Swiss, however, see
ing the applicability of the keyless mechanism to going
barrel watches, had, about the year 1851, contrived many
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Fig. 57.— Swiss Keyless Work,
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methods of winding the watch and setting the hands from
the button, for which Prest’s winding arrangement had
no provision. Fig. 57 shows the arrangement generally
adopted by the Swiss in their best watches, but many other
forms of keyless mechanism are applied by them to cheap
watches. Inthe diagram the winding wheel and the wheel
on the barrel arbor square are removed from the plate;
the winding wheel has two sets of teeth, one set gear with
a small intermediate wheel which gears with the barrel
arbor wheel, and the other which are contrate, with the
winding pinion. The winding pinion r #' occupies a part
of the round part of the winding stem A at &', upon which
it can turn, but is prevented from moving up or down it
by the shape of the plate, which has a part cut out of it
to admit the pinion ; the lower part of it, #, has contrate
ratchet teeth cut upon it. The pinion »”v is fitted on
the square of the stem 4, and its ratchet teeth are pressed
upwards into those of the winding pinion by the spring
m, as shown in B. By turning the button to the left (in
the figure) the pinion ¢ is rotated and the watch is
wound, and by turning it the reverse way a ratchet action
is produced between the ratchet teeth of the two pinions
which click over one another. In setting the hands, the
thumb nail is pressed upon the push piece p which pushes
in the spring m, and the pinion 7’ v down the square of
the stem gearing its contrate teeth v with the intermediate
wheel [ (which is in gear with the minute wheel g), as
shown in ¢ ; when the stem is turned, the hands are thus
set, the pinion rs” being out of action. The screw &
prevents the long spring from rising from the plate, and
the screw or stud « prevents it from pressing the pinion
7" v too deeply into the wheel [/; 4 is a spring brace
screwed on the other side of the plate lying across the
slot in the stem s ; by withdrawing the screw at the end =
of this brace a little the winding stem can be drawn out
from the watch. The stem is fitted easy in the pendant
and has a pivot at the other end which goes into a hole
in the plate or in a stud underneath the wheel [; the
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push piece is fitted to a pipe soldered into the case and
having a part of it projecting in order to protect the push
piece and prevent it from being accidentally pressed in
in wear, ete. ; it has a 'V notch filed across it to allow of
the nail going down. The objections to this form of
keyless work are that it is not strong, is troublesome to
make, and the contrate depths are rough, especially that
of the winding wheel and pinion, which wear quickly as
the pinion is always pressing the wheel away from it.
These faults in the Swiss keyless work being apparent to
English watchmakers, not many of this description have
been made here, but what is known as the “rocking bar”
mechanism has been invented and adopted as the English
model. At first making the keyless work was a branch
of watchmaking proper, and, the movements and calibers
being different, great diversity of form and planting was
the result. To Mr. Hewitt, of Prescot, the credit is due
of having put a stop to this, as he made and planted the
steel wheels on the movements. Other movement makers
followed his example, and now almost all the keyless work
is done in Lancashire by the movement makers, thus
ensuring the best model, greater uniformity, and a great
reduction in the price of the work.

180. Rocking Bar Keyless Work—Fig. 58 shows the
rocking-bar keyless work. o is the bevelled conical wind-
ing pinion; b is a boss which is screwed to the plate,
fitting through the countersunk winding wheel w, and a
steel bar or platform ¢, upon which are screwed two
wheels, 7, h, which rotate upon two pipes projecting from
the bar, the heads of the screws being countersunk ; the
rocking bar ¢ rests on the plate and the winding wheel w
rotates on the bar ; the spring s on the other side of the
plate keeps the winding in action by pressing a stud
screwed into the bar and projecting through a space cut
out of the plate. On turning the button to the left the
winding wheel w is turned and the watch wound; on
reversing the button the barrel-wheel is prevented from
being affected by the click m, and a ratchet action
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takes place between the teeth of the wheels ¢ and g

®o

Fig, 58.—Rocking Bar Keyless Work,

The hands are set by pressing in the push piece p
with the nail, which throws the wheel ¢ out of action
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with the wheel g, and the wheel A into action with the
intermediate wheel [, which is in gear with the motion
wheels, when by rotating the button the hands can be
set either backward or forward. The intermediate
wheel 7 is planted on the circumference of a circle drawn
from the centre of b, with a radius to the centre of % ;
this is to enable the hands to be set correctly, and to
prevent them from being shifted when the wheel moves out
of action from the other (as would be the case were it to
move in and out in an oblique direction) ; the additional
play of the extra wheel also furthers this object. The
depths of the wheels ¢ and 2 with g and [ are adjusted
by means of an oblong slot cut in the bar ¢ which re-
ceives the head of a small screw fixed in the plate;
neither of these depths should be pitched deep; for
setting the hands it is not necessary, and that with the
wheels ¢ and ¢ has a tendency to become deeper, the
action of winding pressing the end of the bar towards g.
The intermediate wheel & should be just free of the teeth
of the small wheel A when the winding button is turned
the reverse way; if it is at a greater distance from it
the push piece p will be too long. The spring & must
be strong enough to keep the push piece in its place.
The winding pinion o has no fitting in the movement
like the stem to the Swiss keyless work, but is fitted in
the pendant of the case; it may have the teeth cut
straight on its face or on a bevel ; either will make a
smooth action if the pinion is the proper size, but the
bevelled teeth are better and stronger. (See page 52.)
If the watch is to have a hunting case where the
cover is released by pushing in the winding button,
the pinion and the stem on which the button is fixed
must be in separate pieces, and, as it is not possible to
get a large hole in the pendant, it is necessary to be very
careful in arranging the sizes of the stem and the pinion
arbor to keep them sufficiently strong. If the hole in
the pinion arbor, or pipe, is left round, two oblong slots
are cub in it opposite to each other, and a pin through
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the stem projects into them flush with the outside of the
pipe; this pin carries the pinion round when the button
is moved, and at the same time allows the stem sufficient
action in the pinion to press in the case spring and
release the cover which the spring holds down. The
play allowed or the length of the slot should be as little
as possible, as the winding buttons are the reverse of
ornamental, and should be worked as close in to the
middle of the pendant as possible, as if left near the
middle of the bow, as they often are, they are
awkward to wind and most unsightly. This is a very
good way of fitting a pinion, if done carefully. The pipe
of the pinion must not be left too thin ; the hole in the
stem must be broached and the pin carefully fitted and
hardened and tempered, care being taken that it doesnot
project at the ends beyond the outside of the pipe.

The winding pinion is also often made with a square
hole in it, and the lower part of the stem fitted to this
square; when done in this way, the pinion face is
hollowed out, the pinion being kept in its place by a
small nut screwed on to the end of the stem and fitting
the hollow in the pinion face; sufficient play must be
allowed for pushing in the case spring and releasing the
cover. The winding button is let on to the upper part
of the stem, which is squared to receive it, and kept in its
place by a nut or a screw, countersunk, but the nut is much
better and stronger, and a screw should never be used.

There is a cheaper way of making the rocking bar
keyless work by putting the bar on the top of the wheels,
as there is then no necessity for pipes to carry the two
small wheels nor screws to keep them in their places, the
wheels being merely fitted to pins screwed into the bar,
and lying on the plate when the face of the watch is
upwards; but this method, although often adopted, is a
very bad one, since it brings the winding wheel so near
the centre of the pendant that only a very small winding
pinion is possible, the saving of labour is not great and
certainly not worth the sacrifice of prindighe invalved.
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181. Fusee Keyless Work.—The demand for keyless
watches, which has arisen within the last few years, has
greatly reduced the number of fusee watches made in
England, on account of the greater trouble involved in
applying the keyless mechanism to them than to those
with the going barrel. The reason for this is that whilst
the arbor of the going barrel remains stationary, except
during the time of winding, the fusee and its arbor are
continually turning one way in the going of the watch
and the reverse in the winding; the keyless wheels must,
therefore, be detached from the fusee when it is not being
wound, which necessitates a somewhat complicated wind-
ing mechanism. Many very ingenious contrivances for
this purpose have been devised ; but the majority of
them, owing to their being complicated and liable to get
out of order, have served only to make the fusee keyless
watch unpopular. No winding arrangement for this
watch is of the least use that is not strong and simple,
and I only know of two or three that comply with these
conditions.

Fig. 59 is a diagram of a fusee keyless arrangement,
which I have made and tested for many years, and found
to answer admirably ; the merit of its invention has been
claimed by several people. It is stronger than any other
I know of, and has the great advantage of having the
winding wheel and the wheel on the fusee arbor always
in gear with one another, which obviates the risk
of the teeth butting and stripping on these wheels
coming into action (a fruitful source of failure in keyless
watches with a shifting wheel, such as in the rocking
bar mechanism, when improperly made). It is not
difficult to make, the only part of it requiring great
accuracy being the spring « «’ 2" in the wheel on the
fusee arbor. The winding wheel w turns on the stud s,
which is screwed to the plate through the rocking bar, as
in the previous arrangement. The detachment of the
fusee while the watch is going is effected by the compound
wheel R, shown in detail in Fig. 59, 4, B, ¢, and in levaiiess
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Fig. 59.—Fusee Keyless Work.
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in . When the push piece is released, the spring s presses
the end of the rocking bar into the ratchet wheel r, and
prevents it from turning when the watch is being wound,
acting as a click when the button is turned the reverse
way ; the point of the bar is properly shaped for this
purpose, and should not extend beyond the point where
a tangent, drawn from the centre of the winding wheel,
touches the circumference of the ratchet wheel, or it will
be liable to be driven out during the winding. The
ratchet wheel, » (Fig. 59, B), has a sink turned in it, into
which a spring, = &’ ", is fitted ; this spring has a boss,
t b, rising out of its plane. The wheel m (Fig. 59, a),
has a large hole turned out of its centre, and fits over
the central ridge, @, which is left standing up from the
middle of the ratchet wheel , upon which it can turn,
and a triangular space, ¢, cut in it, into which the boss
on the spring projects flush with the countersink, and a
further projection, ¢, forms a tooth and comes flush with
the upper side of the wheel m. The ratchet wheel, f,
(Fig. 59, c) fits into the countersink just free of its edge,
and screws on to the end of the fusee arbor, on which a
right-handed thread is cut, and prevents the other wheel
from rising from the plate. Upon turning the button in
winding, the wheel m (Fig. 59, A), is turned to the right ;
the point of the rocking bar prevents the ratchet wheel #
from turning, and the inclined plane of the triangular
space, ¢, forces the boss, which projects into it, down it
until the projecting tooth, ¢, slides into a space of the
ratchet toothed wheel f (Fig. 59, c), which it then forces
round and turns the fusee ; when the button is released,
the spring, = &’ «", returns to its former position,
and the fusee is completely detached from the wind-
ing work, the wheel f turning with it on its arbor
without affecting the other wheels. The spring, = a’
«”, must be of such a shape between the points, &'
and ", that it will be strong enough to keep it fric-
tion tight in the wheel #, and it must be weak enough
between the points # and « to allow of the tooth,
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t, being drawn into the wheel, f, before the spring is
drawn round in the winding; it should also be strong
enough to prevent any slight action of the button in
wear from driving in it, or it will interfere seriously
with the good performance of the watch ; but it must not
be too strong, or it will make the winding hard. By
adopting the arrangement shown in Fig. 59 of havinga
small intermediate wheel on a stud screwed into the
plate, and the minute wheel on the other side of the
cannon pinion, more room is secured, and a proper-sized
minute wheel can be fitted without interfering with the
other parts of the watch.

182. Kullberg’s Fusee Keyless Work. — Fig. 60
shows an arrangement of fusee winding by Mr. Kullberg,
the drawing and description of which are taken from the
Horological Journal of April, 1869 :—

A is the fusee wheel, B is the winding wheel, ¢ is the
setting wheel, 0 is the platform, E is the stud for holding
the platform and winding wheel with perfect freedom
against the plate, F is the spring for holding both the
winding and setting wheels out of gear, @ is the push
pin for setting the hands, m is the elastic screw for
preventing the wheels on the platform from revolving
until the winding is in gear with the fusee wheel. By
turning the winding pinion (which runs through the
pendant) to the right (to the left in the figure) the
winding wheel moves slightly round the setting wheel ¢,
which is kept stationary through being pushed against
the rounded head of the screw B. When the winding
wheel is in gear with the fusee wheel A, the pin 1, at the
end of the platform, touches the outer end of the notch
K ; and by a little further moving of the platform on the
fulerum 1, the setting wheel is lifted free of the screw g,
and revolves without any impediment whatever. For
setting the hands, the platform guided by the pin 1in
the notch K, is pushed in so as to make proper depth
between the wheels ¢ and M. At this position the
platform touches the pin L, thereby preventing the
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winding wheel from touching the fusee-wheel in the act
of setting. Locking the keyless work out of action,

ol

>

Fig. 60.—Kullberg’s Fusee Keyless Work.

if such is required, is accomplished by causing the cover
or back of the case to push in the push pin slightly,
thereby releasing the setting wheel from the screw H;
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the winding pinion will then turn round freely without
driving into action—but since the setting wheel can by
no means revolve until the winding wheel is in gear with
the fusee wheel, the out-driving spring can be made tc
act with nearly all its power on the winding end of the
platform, and consequently drive out with great force;
by turning the winding pinion or button to the left, the
setting wheel is lifted, so to say, from the screw end H,
and passes with a gentle click. If the push pin for
setting the hands is required to lock in during setting,
a thin spring is fixed inside the band of the case, which
slips up between the push pin and the case, and keep:
the wheels in gear without pressure of the finger. A
fine upright pin at the end of the lock spring causes the
cover to push down the spring, and unlocks the push
in,
P 183. Chalfont’s Fusee Keyless Work.—The above
is a very good keyless work, but is rather difficult
to make properly. Another arrangement, invented by
Mr. W. W. Chalfont, is shown in Fig. 61 ; it is the
same in principle as the foregoing, and is thus de
scribed by him. “The wheel No. 3 always advances
in the same position ; the pin No. b is so adjusted that
the wheel No. 3 never presents more than one point at
the moment of touching. No. 2 is a platform with
a slot (No. 1) cut in the centre, to allow it to move
from right to left. A screw regulates the distance sc
moved ; the head of this screw holds the platform down,
allowing it the right freedom. No. 3 is a wheel running
on & boss under the platform through which the slot is
cut. This wheel is in gear with the contrate wheel

.- No. 8, and with the pinion, which is also run on the

platform. No. 11 is a spring which bears upon pin
No. 14, and throws the platform to the right, and
the wheel No. 3 free of the wheel No. 4, which
latter is fastened on the fusee, at the same time
pressing the pinion into gear with the pin No. 5. If
the button attached to the contrele wheel No. 8 is
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turned to the right (left in the diagram) to wind, the
pinion cannot turn round because the pin No. 5§ is
between the teeth, therefore the platform is forced across

Fig. 61.—Chalfont's Fusee Keyless Work.

from right to left, and the wheel No. 3 into gear with
the fusee wheel No. 4. By this time the pinion is
drawn free of the pin No. 5, by means of one end of the
platform coming against pin No. 10, leaving it quite free
to wind, As the button is released it is thrown back
again. In turning the button the reverse way the
pinion trips over the pin No. 5. For setting hands,
when the piece No. 12 is pushed in, it maves the
8
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platform No. 2, and carries the pinion free of the pi
No. 5, and straight into the minute wheel No. 6, at tt
same time bringing the end of the platform round tt
pin No. 7, locking it free of the fusee. Now the hanc
can be set. For shutting off this winder, let the cas
cover move the stud No. 9 on the push piece sufficient!
in to free the pinion of pin No. 5.”

184. The Various Forms of Keyless Work.—The:
are many other forms of fusee keyless work which |
is not necessary to describe, as if many watches shoul
ever be made on this principle it would be bett
to adopt one form and keep to it. Mr. Kullberg’s i
said to answer very well, and in one or two instanc
where I have applied it I have found it to do so. M
Chalfont’s is very ingenious and seems strong, but I hav
had no practical experience of its action. In nearlya
the fusee keyless watches I have made I have adopte
the compound fusee wheel, and have never found i
to fail when properly made ; the action does not requir
to be shut off by the case, and the winding is smoot
and easy ; but it cannot be employed in a small fla
watch—at least, it would be unwise to do so.

CHAPTER XX,

PENDULUMS.

185. The First Pendulum Clock.— Xt is somewh:
uncertain who was the first to apply a pendulum to
clock, the merit of its application having been claime
by Dr. Hooke, Huygens, Galileo’s son Vincenzo, an
others, but it is generally agreed by writers on i
subject that the first clock with a pendulum w:
made by a London clockmaker named Richard Harr
for the old St. Paul’s Church, Covent Garden, in 164
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or eight years before Vincenzo Galileo claimed to have
adapted the pendulum to a clock. This is attested by
Thomas Grignion, of Great Russell Street, Covent Garden,
the maker of the present clock, who had a brass plate
engraved with an inscription to that effect placed in the
vestry. This inscription states that the said clock was
the first long pendulum clock in Europe. That Grighion
and his father had every opportunity of inspecting the
clock before it was destroyed when the church was burnt,
in 1795, there can be no doubt, but that he made a
mistake, either in the date of its construction, or in
stating that it had a long pendulum, is equally certain,
for such a pendulum could not have been applied with
the escapement then used.

This has been pointed out by the Rev. H. L. Nel-
thropp in his valuable chronological Treatise on Watch-
work. After carefully summing up the arguments for
and against the claims of Harris, Mr. Nelthropp says :—

“1st, That credit ought to be given to Huygens,
the Dutch astronomer, for being the first to apply the
discovery of Galileo to a clock; 2nd, That Dr. Hooke
can justly lay claim to having brought the whole matter
to perfection by the invention of his anchor escapement,
which enabled him to use a long pendulum with a heavy
bob, thereby rendering the arcs of vibration shorter, and
necessitating much less motive power.”

186. Isochronism of the Pendulum.—Soon after
the employment of the pendulum for the purpose of
regulating clocks, Huygens investigated and estab-
lished the theory of its isochronism. He discovered
that in order to perform long and short vibrations in
equal times, a pendulum must describe such a curve that
the distance of the mass of a mathematically simple
pendulum from the point of rest shall be always propor-
tional to the force acting upon it; and he proved that
this condition is only secured by a pendulum oscillating,
not in a circular arc, but in a cycloidal curve. In
order to compel the bob to traverse that curve, he
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invented the cycloidal cheeks—i.e., two metal cheek
placed one on each side of the suspension spring of th
pendulum (which he made very thin, so that it woul
bend easily to the form of the cheeks), of the shap
evolved from the cycloid which the bob would tract
But, for reasons I have already given, these failed t
secure the end for which they were designed, althoug
they were a good deal fancied for a time.

187. The Circular Error.—A theoretically simpl
pendulum consists of a heavy weight, having no magn
tude, suspended by and capable of oscillating at the en
of a rod or cord having no weight. .

The discrepancy between the time of a pendulur
vibrating in a circular arc and its true theoretical pat
is known as the “ circular error.”

This error must have been of considerable importanc
in the clocks constructed at this period, with thei
crown wheel escapements, light pendulums, and lon
arcs of vibration; but subsequently, upon the introdu
tion, about 1680, by Dr. Hooke, of the recoil escapement
with & longer and heavier pendulum, and consequen
shorter arcs, the difference was found to be hardl
observable. In fact, it is actually useful in counteractin
a tendency to gain in the long arcs which exists in thi
form of escapement ; while in the dead-beat escapemen
the arc is so short that the actual and theoretical path
are practically identical.

188. Time of One Swing of Simple Pendulum.-
The time of vibration of a pendulum varies with th
square root of the length, and the following is th
mathematical formula usually .employed for finding th
time of one swing of a simple pendulum.

4
t:‘l’/\/-?,

in which 7r is the symbol used to express 3:1416, whic
is the ratio of the circumference of a circle to its diamete:
/ is the length of the pendulum in feet,and ¢ the accler:
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tion due to gravity of a body falling in vacuo, which is
32-2 feet per second in the latitude of London. Substi-
tuting these values in the above equation with one second
for ¢, we find the length of the seconds pendulum to be

32-2

@ aeys O 2616 fook.

The value of g varies slightly in different latitudes,
increasing with the latitude and diminishing with the
altitude of the place, and consequently the length of a
pendulum to oscillate in any given time also varies.

The length of a simple seconds pendulum, t.e., a
pendulum taking one second of mean time for each
swing, in the latitude of London being 39:1393 inches ;
it is 39 inches at the Equator, where the value of g is
less, and 39-206 inches at the Poles, where it is greater.

The length of a pendulum for any required time may
be found, therefore, by multiplying 39-1393 inches by
the square of the time required.

Example 1.—To find the length of & pendulum to
beat 3 seconds :

3% =09, and 391393 x 9,
— 352-2537 inches,
= 29364475 feet, the length required.

Example 2.—To find the length of a pendulum to
beat £ of a second :

3 — $ and 39-1393 x #
= 17-39562 inches, the length required.

To ascertain the time in which a pendulum of any
given length will swing, we have the proportion

l:8::L: 23
in which L is the given length, and

z, or +/2? is the time required.



278 WATCH AND CLOCK MAKING. (Chap. X

Example 1.—Find the time in which a pendulu
measuring 22 inches will swing :

3914 : 1 :: 22 : 23;
.*. 23="56, and z = ‘75 of a second, the time required.

Example 2.—Find the time in which a pendulu
measuring 352-2537 inches will swing :

891393 : 1 :: 352-2637 : 29,
.*.23=29, and # = 3 seconds, the time required.

These calculations give the theoretical lengths onl
of pendulums, i.e., the actual lengths of mathemadticall
simple pendulums (the nearest approach to which
practically a bob of lead or other metal of great specif
gravity suspended on a fine thread of some sort), but
practically the rod has to be made thick enough to ensw
sufficient rigidity to resist bending and quivering whe
it receives impulse, and a heavy bob must be of conside
able size, the effective centre of the swinging weigh
corresponding to the weight of a simple pendulum, i
always situated at some point above the extreme end ¢
an ordinary pendulum.

189. The Centre of Oscillation.—This point is calle
the “centre of oscillation”; it is, in fact, the centr
of percussion, that is to say, the point at which a force ¢
resistance must be applied to stop the pendulum suddenl
without jarring the other parts or producing any pressur
on the point of support, or, more properly speaking
destroying its equilibrium.

This point does not correspond to the centre ¢
gravity of the mass of the pendulum, which is a fixe
point, but is always a little below it, but in a long an
heavy pendulum with a light rod it is situated so nea
that point that its position may be approximately dete:
mined practically by placing the rod on a knife edge an
shifting the bob till it balances at the required length
this operation will give the centre of gravity, and the bo
will de found to require very Wl regdeXmg, wSiarwards
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From the want of uniformity in the shape of a com-
pound pendulum it is difficult to obtain the radius of
oscillation mathematically ; it is done by dividing the
sum of each particle of the mass multiplied by the
square of its distance from the point of suspension by
the sum of each particle multiplied into its distance.

The distance between the centres of suspension and
oscillation, or the length of a simple pendulum, to beat
any required time may be found experimentally by
means of a pendulum having an axis at each end, one of
which must be adjustable, thus utilising the fact that the
centres of suspension and oscillation are convertible.

‘When the pendulum has been adjusted to oscillate in
the time required, by moving the weight to the other
end, inverting the pendulum and adjusting the axis
until it beats in the same time, the distance between the
axes will be the theoretical length of the simple pen-
dulum for that time. It was with such a pendulum that
Captain Kater made some of his gravitation experi-
ments, for which purpose it is still used, but this is not
what is called Kater’s pendulum, which is a mercurial
pendulum with glass jar and rod. The length of a side-
real seconds pendulum in the latitude of London is 38-87
inches ; it varies in the same ratio as the mean time
pendulum, and its time for various lengths, and length
for various times, may be calculated in the same manner
by substituting 38-87 for 39:1393 inches as a datum.

190. Suspension of Pendulum. — Soon after the intro-
duction of heavier pendulums it was found better to
suspend them separately and to connect them with the
pallets by passing the rod through a bent piece called the
crutch, which communicated the impulse to the rod. This
had, indeed, been done by Huygens, who hung his pen-
dulum on two cords between the cycloidal cheeks, but
these cords were found to possess disadvantages in the
shape of insufficient rigidity (and of friction, even when
the cycloidal cheeks were abandoned), and were discarded
in favour of the suspension spring, Clockmeker wess
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so far, when the dead beat escapement was introduced, s
to maintain that they could secure isochronism in the vi
brations by adopting certain lengths and thicknesses ¢
this spring, tapering it, &&. However, these theories hav
long since been exploded, and clockmakers now trust t
obtain isochronism by constructing their escapements ¢
scientific principles rather than by interfering with th
natural harmonic motion of the pendulum. These mi
conceptions arose chiefly from the custom, still commo
amongst a good many watchmakers, of confounding th
action of the pendulum in its relation to gravity wit
that of a balance of a watch and its spring, betwee
which there is no analogy, the conditions being entirel
different.

The suspension of a pendulum is a very importar
factor in the performance of a clock, the desideratun
which has now for a long time been recognised, being t
obtain the maximum resistance to bending and quiverin
when the impulse is communicated to the rod, with th
minimum of friction and resistance to the free action ¢
the pendulum.

(With a correctly constructed dead-beat escapemen
the vibrations of the pendulum are practically is
chronous up to 6° of arc.)

Since this principle has been fully recognised, variou
methods have been devised for suspending the pendulur
so that its free vibration shall not be interfered witl
Amongst others more or less ingenious, I may mentio
the following contrivance by Vulliamy :—A gun-met:
bar was fixed firmly to the top of the pendulum rod 2
‘right angles to it; this bar rested on a knife edge, ¢
knife edges, the greater part of the weight of the pe:
dulum being kept off the knife edge by four counte
poising weights which were attached to the bar by cor
that passed over pulleys fixed above the suspensio
Many years ago a two-seconds pendulum with a ver
heavy bob was suspended in this way to a large publ
clock in Glasgow by Benjamin Tamb, » very Ingeontar
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clockmaker, who had been for many years in Vulliamy’s
employ ; but with such an arrangement, the axis of sus-
pension must be above the pallet axis, and the pallet
and crutch will consequently move through a larger arc
than the pendulum, which entails friction at the fork;
in addition to which the friction of the cords, &e., fully
compensates for any advantages of a knife-edge sus- .
pension.

I believe the pendulum referred to has since been
replaced by one with the ordinary spring suspension,

Other contrivances were tried with more or less
success, with the result that the spring has proved
superior to them all, and it is now the only method of
suspending the pendulum in use, with the exception of
that employed in some of the small French timepieces,
in which the crutch is prolonged to form the rod, and a
knot screwed on to the end of this forms the pen-
dulum bob.

John Whitehurst, of Derby, suspended his pendulums
from the pallet axis in large turret clocks, which answered -
very well with the escapement he used, which was the
pin wheel. Referring to this, the late Charles Frod-
sham, who from his many exhaustive experiments
with the dead-beat escapement is a high authority on_
this subject, said he made experiments with the Graham
escapement so applied, but with unsatisfactory results,
and that doubtless the pin wheel was better adapted for
this mode of application.

The strength of the suspension spring, length of the
crutch, and the length and weight of the pendulum, are
directly dependent on one another. The axis of suspen-
sion should be fixed so that the bend of the spring will
be opposite the pallet axis.

The cratch should be as short as possible in propor-
tion to the length of the pendulum, so that it does not
affect the spring, or cause it to bend in the reverse
direction to that in which the pendulum is travelling,
when the impulse is communicated to the Tod Ynrsugh

-
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the fork, as was sometimes noticeable in the very lon
pendulums formerly applied to the old turret clock
This quivering of the spring at the moment of
impulse being given is seldom observed now that it h:
become a rule never to apply & pendulum of more ths
two seconds.

The 20- or 30-feet pendulums were formerly applic
to turret clocks with the idea of better overcomir
irregularities of impulse, &c. They are, however, new
used now ; the shorter pendulums require less impul
and less compensation, and are less liable to disturbanc
from the external influences of wind and atmospher
changes, not to speak of the difficulty of finding room fc
the long pendulum in the turret. The necessary contn
over the clock is now obtained by using very heav
pendulum bobs.

For regulators, the oneseconds pendulum is nev
exceeded, and is generally adhered to, being a co
venient length ; but of course any decrease of the lengt
of a pendulum is attended with a greatly increased effe
of errors in the escapement, shake in the holes, &e.

191. Pendulum Cock —Another point of the mo
vital importance to the good performance of a clock, an
one that is not always carefully attended to, is th
manner of fixing the pendulum cock or bracket. I
turret clocks with a heavy pendulum bob this shoul
either be built into the wall opposite the clock, or bolte
through it in a very firm manner, as if this is not carefull
attended to the centrifugal force of the bob will cause
slight rocking motion of the bracket to take place, an
however small the arc, a slight falling off in the extent:
the vibrations will be observable. If the spring be n
securely fastened at the end to the cock or bracket, tl
same effect will of course take place.

The pendulum cock of a regulator should be secure
bolted to the back of the case, which should not rest (
the ground, but be fixed to & permanent wall of 4
room, and the back should be wuitelly edwestial—n
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less than 1} inches in thickness. Reid recommends that
a bracket be in this manner fixed to the wall, and the
movement screwed or bolted to it, the front of the case
being capable of being pushed on or pulled off; and this
is the method adopted in all the best regulators, which
are in addition fitted with an inner case, baized at all the
edges and crevices, to exclude dust.

There is another error of the pendulum caused by
the variation in density of the atmosphere, and con-
sequently in the resistance to the pendulum’s motion
through it.

192. Pendulum Bobs.—Various-shaped bobs have
been from time to time devised, the most common in all
the old clocks being the lenticular or lens-shaped which
has been recommended by Reid and others, If exactly
made this would not be a bad form for the bob, but it is
a very difficult one to form accurately, one of the convex
sides being invariably more protuberant than the other ;
or, if these are properly divided, there is another difficulty
in getting the hole exactly in the middle of them. Any
inequality of this kind will cause the pendulum to have
a twist at every swing, and prevent the good going of the
clock ; for this reason pendulums are now nearly always
made with cylindrical-shaped bobs, which is also a con-
venient shape for compensation pendulums.

193. Barometric Error.—The error caused by varia-
tions of the demsity of the atmosphere is called the
¢ barometric error,” and various methods have been tried
for its correction, such as causing the pendulum to vibrate
in a vacuum, fixing small barometers to the pendulum
rod, &c. ; but the first of these could hardly be adopted in
turret clocks, and in the latter the adjustment is very
troublesome. The best plan is to make the pendulum
describe so large an arc that the circular error will cor-
rect the barometric. This has been adopted by Sir E.
Beckett in the great Westminster clock, in which the
pendulum describes an arc of 5¢ 30" at each swing,
which is found to absolutely correct it.
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194. Rogulation.—The usual mode of regulating pe
dulums is by a nut at the end of the rod, by the screwi
up or letting down of which the pendulum is made
vibrate faster or slower as required, and this is a suf
ciently efficient arrangement for ordinary house clock
But in clocks where it is difficult to get at the pendulu
to perform this operation, such as quarter clocks, the reg
lation is usually effected by turning an arbor, the squa
of which projects through a hole in the dial, at the oth
end of which a pinion is fitted, which gears into anoth
pinion or wheel fitted to a screw, which is fixed to t
top of the suspension spring in such & manner that !
turning it it raises or lowers the spring through the chop
altering the effective length. This is the method of reg
lating most of the ornamental French drawing-roo
clocks. But for turret and astronomical clocks the fir
method is objectionable from the necessity of stoppit
the pendulum in order to regulate it, which is found
affect the rate, while in the latter it is difficult to fit tl
spring in the chops so nicely that it can be drawn upt
the screw and down by the weight of the pendulum, at
be at the same time so rigid as not to allow of any pl
taking place. The general way of effecting the tempora
regulation of turret clocks is by placing small weighta«
a platform left for the purpose some distance up the
above the centre of oscillation, adding to them to ac
lerate and taking from them to retard the vibratior
In a compound pendulum with a conical-shaped bob t
top of the bob should be tapered up to a cone. If k
flat the dust which will accumulate will accelerate t
motion.
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CHAPTER XXI.
COMPENSATION PENDULUMS.

195. Ratio of Expansion of Metals.—The following
is the expansive ratio of the different metals capable of
being used in the compensation of pendulums, with regard
to one another, taking mercury as the unit :—

Mercury (in bulk) -000 Iron (wrought) . +070
Tead . . .« °176 Iron(cast) . . 066
Zine . . . 170 Steel (soft) . . 062
Tin . . . -117 Steel (tempered) . 065
Brass . . . °100 Glass . . ‘046

196. Mercurial Compensation Pendulum.—Graham
was the first to conceive the idea of counteracting the
effects of the lengthening and shortening of the pendu-
lum by the expansion and contraction of the material
composing it in heat and cold, by utilising the known
different, expansibility of various metals in its construc-
tion, by means of which the centre of oscillation could be
kept at the same distance from the point of suspension
and the time of the vibrations constant. This idea
resulted ultimately in his invention of the mercurial
pendulum, of which Fig. 62 is one of the most approved
and generally constructed patterns for regulators and
astronomical clocks. M is a glass jar containing mer-
cury, 8 the sole of the stirrup, countersunk, on which
it rests, T is a metal top fitted tightly over the jar to
exclude dust, etc., the projecting portions of .which
embrace the sides s s of the stirrup, and K is the nut at
the end of the rod 7, for regulating the final adjustment
of the length of the pendulum. The point attached to
the sole s indicates on the degree-plate fixed to the back
of the case the arc through which the pendulum oscillates,
while the point ¢ attached to the top of the stirrup frame
points to the divisions marked on the timing nut K, by
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means of which the regulation is facilitated. (b

Fig. 62.—Mercurial Compensa-
tion Pendulum,

Frodsham recommendeda
Jjar instead of a glass on
being a better conductor,
the rod dipping into the
cury, ‘‘so that the whe
almost simultaneously aff
by changes of temperat
In reference to the stee
Reid says: “A jar of
kind, from its being

thin (for it would be 1
were it as thick as a
one), would be easily af
by the changes of tempen
and mercury being still
susceptible of these chs
the operation of counters
the effects of them mig
too sudden,” in additic
pointing out the danger
steel jar becoming magne
but this, even did it ¢
would not affect the goin
clock with a properl
pended pendulum and,
that it is admitted to bet
to use considerably heavie
than were customary in ]
time, the relative weights
jar and its contents wou
much the same. There is
doubt that for the 40Ib.
dulum spoken of by Si
mund Beckett, glass jars+
be utterly unsuitable, as
would be great ditficul

getting them made perfectly true and fixing the
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the pendulum so that the mass would be proportional on
both sides of the plane of its vibration, to say nothing of
the difficulty of handling so great a weight in a glass jar;
and for such pendulums, where mercury is employed as
the compensator, steel or, still better, east-iron jars, should
be used (brass, or other metal than iron or steel, could
not be employed, as the mercury would in time dissolve
it) ; but for regulators and other good clocks where this
form of compensation is adopted, with one-seconds
pendulums, there is no reason for changing what has
answered so well and looks so handsome.

In calculating the height of a column of mercury the
expansion sideways of the jar has to be allowed for, but
as any calculations for this purpose can at the most be
only approximate, the final adjustments of the pendulum,
both for compensation and length, requiring to be made
after the clock is going, I will put down the proportions
of a good mercurial pendulum.

Inches.
Total length from the bop of actmg part of the
spring 4-0
Height of j a.r . . . . . 8 0
Inside dlameter of jar . . . . . 2:5
Height of column of mercury . . 76
‘Weight of ditto . . about 14Ib.

The rod and stirrup frame should be of suitable sub-
stance and rigidity, and may be of either round or square
steel, as, although some stress has been laid on the
advantages of the former over the latter shape for the
rod, there is practically no difference, and the shape may
therefore be left to the taste or fancy of the maker.

The expansive ratio of mercury to steel is about
sixteen to one, and, with the dimensions given, the rise
and fall of the mercury in the jar, allowing for the side
expansion of the jar, are nearly six times as much as the
lengthening and shortening of the pendulum in heat and
cold, which, subject to slight final adjustments, will
maintain the radius of oscillation constant.

The screw upon which the regulating nut, K, is fixed
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has thirty threads to the inch, and the nut is divided
into thirty, each division being equal to about a second
in the daily rate of the clock. Formerly, clockmakers
had always to add to the height of the mercury deduced
from their calculations in order to obtain sufficient com-
pensation, which was attributed to the extra stiffness of
the pendulum spring in cold, and wvice wersd. This, as
Sir Edmund Beckett observes, was a most inadequate
cause, considering the thickness of the spring in relation
to the weight of the pendulum, and he points out that
it resulted from a mistake originally made by Francis
Baily, P.R.A.8,, in neglecting the weight of the jar itself
in his calculations. 8ir Edmund says :—* The weight of
the glass jar and rod may be a sixth of the ultimate or
corrected weight of the mercury, and about so much
more height must be added for it, as it is evidently much
the same as if all the'bob of pendulum were mercury,
but its rise only five-sixths of its real amount. And
approximately that is near enough, seeing that pendu-
lums vary in their proportions, and must be finally
adjusted by trial.”

197. The Gridiron Pendulum was invented about the
year 1726 by Harrison. It consists of nine rods, five of
steel and four of brass, so attached to cross pieces that
they expand and contract in contrary directions, and so
keep the bob at the same distance from the suspension.

The co-efficients of expansion of the metals usable for
pendulums, or the fraction of a foot which a rod, which
is one foot at the freezing-point, expands for a rise of
1° F. are as follows :—*

Glass . . °0000480 Brass . . °0001042
Platinum . 0000485 Silver . . -00010568
Steel . . -0000697 Lead . . -0001640
Copper. . "0000952 Zino . . °0001653

* From refoent experim e::lg it has beentoof;?gnl?. thl?t thﬂem co-efficient
of expansion for zinc gen given is i ratio in the
above table, for example,were taken as the basis of calculation for the
dimensions of a zinc and steel pendulum,we should have a length of
zine of 28°5 inches, which would be too great.
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The following are the lengths of rods prescribed by
Cumming :—

Inches.
Outside steel rods from pin to pin . 29-6
Middle steel rod from the upper end of pen
dulum spring to pin at lower end . 315
Inside rods from pin to pin . 24'56
From the pinning of the lower end of outalde
steel rods to the centre of the ball . . b0

Total length of steel rods . . . 906

Outside brass rods from pin to pm .« . 2687
Inside do. do. . . 2226

Total length of brass rods . . 4912

Reid found, however, that with these proportions the
pendulum was rather undercompensated, and recom-
mended a total length of steel of 112:568 to 71 inches of
brass. The total lengths should be inversely proportional
to the coefficients of expansion for the metals used.
These pendulums have now for a long time been quite
superseded by the mercurial in regulators, and are only
to be met with in old clocks.

A cheap and effective form of compensation is the

198. Wood and Zine, or Wood and Lead, Pendulum.
—A wooden rod having a bob of lead, or zinc, resting
on a nut at its end, the expansion of the bob upwards in
heat compensates for the elongation of the pendulum, and
vice versd. Zinc is the better metal of the two for the
bob, its expansion being nearly as much, while it is not
80 likely to be dented and bruised in handling as lead.
Objections have been made to the wooden rod on account
of its liability to shrink and warp with atmospheric
changes, but this may be to a great extent prevented by
using well-seasoned wood thoroughly dried and varnish-

it.

"8 Zinc expands in heat about three and a half times as
much as deal, and the following are very good propor-
T



290 WATCH AND CLOCK MAKING. [Chap. X

tions for a one-seconds zinc compensation pendulum wi
a deal rod :—

1nches.
Length of pendulum from the top of suspen-
s1on spring to the bottom of the bob . 44-5
Or o the bottom of the nut . . . 4525
Height of bob . . . . . . 106
Diameter of ditto . . 20

‘Weight of ditto, 8 1b.
Acting length of suspension spring . . 10
‘Width of ditto . e . .
Thickness of ditto . . . . . . +008
Diameter of rod . . . . . . b

The top of the rod has a brass collar fixed on it, reachi
five or six inches down the rod, the upper part of whi
is solid with a slit in it to receive the pendulum spring

199. Zinc and Steel Compensation.—The first to e
ploy zinc as a compensator was John Smeaton, F.Rf
the engineer who built the Eddystone Lighthouse, Ask
pendulum had a glass rod and & lead bob which expand
upwards, the length of zinc required was very much le
than in the zinc and steel pendulums with cast iron bol
suspended or attached to the rod at their middle, as :
present used for turret clocks, for which the glass x
would, of course, be inapplicable.

For all very large clocks this method of compens
tion is perhaps more suitable than any other, as it
comparatively cheaper and is sufficiently accurate. 1
fact, Sir G. B. Airy stated that in the standa
sidereal clock at Greenwich, to which it was applie
it answered quite as well as a mercurial pendulur
which should never be employed where the bob
required to exceed twenty pounds in weight.

The construction of the zinc and steel pendulum is:
simple that I have not thought it necessary to give
figure of it. It is comprised of a hard-drawn zine tul
fitted accurately (but not so as to bind it) over the pe
dulum rod, resting on a nut at the end. Enclosing 1l
zinc, and fastened to it at the top, is another tube !
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iron or steel, at the lower end of which the bob is fixed.
To prevent the bob and tubes from turning when the
pendulum is adjusted, a flat part of the rod is filed away
and a pin is fixed through the zinc tube.

The expansion downwards of the iron tube being the
same as thé expansion upwards of the bob if it is irom,
the lower end of the bob may rest on the nut at the
bottom of the tube without altering its relative expan-
sion to the zinc compensation ; but if a lead bob be fixed
in this manner the difference of its expansibility to that -
of iron or steel must be taken into consideration from
the bottom of the bob to the centre of oscillation. The
best way, however, is to attach it at the centre of oscilla-
tion, by turning out a larger hole up to that point, so
that the bob will slip over the nut at the end of the iron
rod and rest on the seat so left. This plan affords a firm
bearing, renders the amount of compensation more easily
calculated, and obviates any discrepancies which might
arise in the compensation in sudden changes of tempera-
ture from the slow action of the large body of metal as
compared with that of the rod, &e.

To calculate the lengths of zinc and steel we have the
proportion :

The expansive ratio of zinc : the expansive ratio of steel : :
the length of the latter : the length of the former.

For a one-seconds pendulum, taking its length of rod
and spring approximately at 45 inches, and the coefficient
of expansion as in the ratio of 170 to 65, we have:

170 : 65 :: 46 : =,
656 x 46 :
ot 170 =172 inches ;
this we may take roughly as the length of the iron tube,
which we must now compensate for
170 : 66 :: 172 : 2,
66 x 172
170
and 17-2 4 65 == 23-7 inches.

=65,
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With this length it is found the pendulum is slight
undercompensated, and it is usual to allow 25 inches f
the length of the zinc tube. The result is not easy
get at correctly, on account of the position of the cent
of oscillation varying in pendulums of different-shap
bobs, &c., so that it can only be arrived at approximatel
even mathematically.

Supposing, however, the bob to be attached at t
middle, which we know to be practically the centre
oscillation, and assuming the zinc and iron tubes to be
the same length :

Let = the length of the steel rod from the point of &
pension to the centre of oscillation,
» ¢ = the length of the zinc tube,
y»» ¥ == the length of the iron tube.

Then taking the numbers, as in the previous prop
tion, from the table of expansions, we have the equatiol

*170 ¢ =-065 I 4 -070 %,
whence *065 I = (170 — *070) e,
and assuming / to be 39 inches,
065 x 39="-1g¢,
and ¢ — 25-35 inches,
T = the length of zinc required.

CHAPTER XXIL

ESCAPEMENTS.

200. Recoil Escapement.—Shortly after the applic
tion of the pendulum to clocks, the want of a beit
escapement became universally felt, owing to the irregul:
performance of those with the escapement then wuse
and the clockmakers of the day were directing s
their attention to that point. It was for the purpose:
correcting the want of isochronism in the vibrations
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the pendulum that the cycloidal cheeks (already de-
scribed) were devised by Huygens, but with no good
results, as I have before stated.

About the year 1665, Dr. Hooke invented what is
known as the recoil, or anchor, escapement. This was
afterwards adopted in a clock made by Clement, a
London clockmaker of the time, and, from the good
performance of the clock, it speedily became generally
made, entirely superseding the crown wheel escapement
hitherto used.

This escapement was the first step in the direction
of securing isochronism in the vibrations of the pendulum,
as it involved a longer pendulum, shorter arcs, a heavier
pendulum bob, and less motive power. Consequently,
this combination resulted in the pendulum being less
controlled by the escapement, and therefore less influ-
enced by variations in the impulse, although the escape-
ment cannot be considered detached in the sense that
& dead-beat one is.

The recoil is the escapement used for most English
clocks with short pendulums, for which it is well adapted
where no very great accuracy is required ; it is easily
made, and performs regularly where a fusee is used.

But although variations in the impulse produce less
alteration in the arc of vibration than similar variations
would in the arc of the Graham escapement, which for
some time led clockmakers into the belief that it was the
more reliable escapement of the two, they affect the
time of the vibrations very considerably (the clock
going faster for any increase of the motive force, and
slower for a decrease), as should be patent to any one
without further demonstration, after a little considera-
tion of the form of the pallets and the direction of the
forces. Yet after the many years during which the two
escapements have been tried, and the experience which
has proved undeniably the superiority of the dead-beat,
people may still be heard to assert that the recoil is
the better escapement of the two.
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In Clement’s escapement the entrance pallet w:
convex and the exit one concave, and they were afte

Fig. 63.—Recoil Escapement.

wards made flat, but in both cases were found to ¢
away very fast, owing to the friction when the recc
takes place ; to prevent this, they were subsequently ma
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both convex, as shown in Fig. 63, which lessens the angle,
and consequently, the friction at the recoil.

. The action of the escapement is shown in the figure,
the tooth at / having escaped the pallet, the tooth on
the opposite side has fallen on the pallet at E, when,
having sustained a recoil, it will give impulse through
the angle shown by the lines E ¢, a ¢, of 4° on the arc
described by the pallets; after it has escaped the corner
a, the next tooth on the right-hand side will fall on the
pallet, £, which will have intersected the circumference
of the wheel 4° in like manner.

These escapements are sometimes very badly planned,
the pallet staff often being planted without any refer-
ence to the size of the wheel and pallets, and the angles
of the impulse curves being afterwards formed according
to the fancy of the workman, with equal disregard to
the position of the two centres or the number of teeth
embraced.

The intersection of two tangents to the wheel at the
arc of intersection of the pallets at its circumference will
give the exact point for the pallet holes, and lines drawn
across the curves, as at E a d, b f; should be tangential
to a circle, b d, having a diameter equal to the dis-
tance apart of the wheel and pallet centres, when the
pendulum is hanging at rest.

201. Pin Wheel Escapement.—This escapement (Fig.
64) was invented by Lepaute about the year 1750. Itisa
very good and simple escapement for large clocks. The
impulse is communicated to the pendulum through the
pallets ¥ and N by the semicircular pins which project
from the plane of the wheel. The resting faces of the
pallets are arcs of circles struck from the centre o.

The impulse angle is dependent on the length of the
pallets from their centre and the angle of their impulse
faces ; the amount of impulse found practically to be
sufficient is about 4°.

The thickness of the pallets and one pin together
should equal the space between two pins less the neces-.
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sary freedom, which is very little ; and the distance apa
of the extreme points of the pallets should equal half th
diameter of the pins.

A line drawn from the centre of the verge upo

o

Fig. 64.—Pin Wheel Escapement.

which the pallets are fixed through the centre of tt
in which is resting on the locking face of the lo

pallet, should be tangential to the wheel at that poin
Lepaute’s escapement, in order to ensure this tangenti
action and to render the impulse equal, had pallets ¢
equal length acting on opposite sides of the wheel ; bt
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this arrangement requires double the number of pins,,
and is not necessary so long as the longer pallet is placed
to act on the inside of the pins. Some of his escapements
were made with the alternate pins in two rows, each
row being a little nearer to the pallets upon which they
acted than the centre of the action.

Sir E. Beckett improved this escapement by cutting
away a part of the front of the impulse pins, as shown
at L, Fig. 64 ; this permits of shorter pallets, and renders
the action safer.

The pin wheel, although a very good escapement for
turret clocks, has been quite superseded by the gravity,
and is inferior to the Graham, for regulators and
smaller clocks. Very few of them are now made.

202. Dead-beat (Graham) Escapement.—This escape-
ment was invented by Graham, at the end of the
seventeenth century, and is the one generally applied
to all the better clocks with seconds pendulums, for which
it is best adapted. It was the direct outcome of Dr.
Hooke’s recoil escapement, after the capabilities of that
escapement were known, to which it is infinitely superior
for the clocks to which it is applied. Fig. 65 shows the
proportions which are at present adopted in all the best
escapements. The pallets are made to embrace eight teeth
of the escape wheel, and, as in the lever escapement,
may be made either with equidistant lockings, semi-
equidistant, or circular, as in the figure. The locking
faces are made concentric with their axis.

The pallets of this escapement were formerly made to
embrace as many as fifteen teeth, but as it was found
that after the clock had been going for some time the
thickening of the oil on the resting faces affected the rate,
it was deemed advisable to reduce the run on these as
much as possible, and pallets embracing fewer teeth were
adopted, with the result that the present proportions were
found practically the best, as when made closer they
were not safe, owing to defective workmanship, shake in
the holes, &c. In the best clocks the pallets are always
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jewelled, as are the pivot holes of the staff Wi

S

Fig. 65.—Dead Beat (Graham) Escapement,
pallets embracing eight teeth of a thirty-toothed whe
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the proportions of the pallets and position of the staff
holes with regard to the wheel are readily determined.

The wheel teeth are made as thin as is consistent
with due strength, and are cut away at their faces about
129 from the radial, so that their points only touch the
resting faces of the pallets, and the pallets are made half
the thickness of a space between one tooth and the next,
less the drop, which should only be just sufficient to
insure freedom.

The escaping arc depends upon the length of the
pendulum ; with a one-seconds pendulum 4° are usually
allowed, 2° on each pallet, which is divided into 1° of
impulse, and 1° of rest. With an escapement of the
above proportions, radii intersecting the centre of the
impulse planes will form an angle of 90°, and tangents
to these radii at the.circumference of the wheel will
form a square ; the point where they intersect being the
position of the pallet staff holes, which may also be deter-
mined by taking the distance of the chord of the arc of 90°,
at the circumference from the centre of the escape wheel.

Mr. Frodsham said that when the dead-beat escape-
ment has been mathematically constructed, and is strictly
correct in all its bearings, its vibrations are found to be
isochronous for arcs of different extent, from 0-75 of a
degree to 250 degrees; that injurious friction does not
then exist; that the run up on the lockings has no
influence, nor is there any friction at the crutch ; that
oil is not absolutely necessary except at the pivots ; and
that there is no unlocking resistance, nor any inclination
to repel or attract the wheel at its lockings.

Professor Airy, in a paper on this escapement, says
there is no friction when the arc of escapement is equal
on both sides; and this has been construed by some of
their advocates as an argument in favour of equidistant
lockings, and by others of equidistant impulse planes or
circular pallets, but with no reason, as it applies solely to
the angular velocity of the pendulum at each vibration,
with regard to which Mr. Frodsham says:—“Much
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difference of opinion has been expressed upon the con-
struction of the pallets, as to whether the lockings or
circular rests should be at equal distances from the
pallet axis, with arms and impulse planes of unequal
length ; or at unequal distances from the pallet axis, with
arms and impulse planes of equal length. In the latter
case the locking on one side is 3° above, and on the
other 3° below the rectangle, whereas, in the former, the
tooth on both sides reposes at right angles to the line of
pressure, but the length of the impulse planes is unequal.
When an escapement is correctly made upon either plan,
the results are very similar, though I decidedly prefer the
pure right-angled locking, although the arm of one pallet
is longer than the other by the thickness of the pallet.
The angle at the tooth will, however, be the same.”

As in the lever escapement, the balance of opinion is
in favour of circular pallets, and as there are no real
advantages in the one form over the other in a properly-
constructed escapement (sec pages 190-4), the differ-
ence, if there is any, being so slight that it cannot be
perceived in the results, the trade do right in adhering
to the form which can be most conveniently made.

203. Conditions of Isochronous Vibration. — Mr.
Frodsham, referring to Mr. W. J. Frodsham’s pen-
dulum experiments, and Mr. Vulliamy’s pamphlet on
the dead-beat escapement, regretted that the first were
made independent of the escapement, and that the latter
did not connect it with pendulum experiments ; for, he
says, “they cannot be separated, no matter the character
of the escapement employed, whether gravity, remontoir,
detached, or dead-beat.” He laid down the following
conditions on which alone the isochronous vibrations of
the pendulum depend :—

«1, That the pendulum be at time with and without
the clock, in which state it is isochronous, ‘suspended by
a spring.’

«2, That the crutch and pallets shall each travel at
the same .precise angular velocity as the pendulum,
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which can happen only when the arc each is to describe
is in direct proportion to its distance from the centre of
motion—that is, from the pallet axis.

“3. That the angular force communicated by the
crutch to the pendulum shall be equal on both sides of
the quiescent point ; or in other words, that the lead of -
each pallet shall be of the same precise amount.

¢4, That one or other number of degrees marked by
the crutch or pallets shall correspond with the same
degree or degrees shown by the lead of the pendulum, as
marked by the index on the degree plate.

“5. That the various vibrations of the pendulum be
driven by a motive weight in strict accordance with the
theoretical law ; that is, if a 51b. weight cause the
pendulum to double its arc of escapement of 1°, and
consequently drive it 29, all the intermediate arcs of
vibration shall in practice accord with the theory of
increasing or diminishing their arcs in the ratio of the
square roots of the motive weight.

“To accomplish the foregoing conditions there is but
one point or line of distance between the axis of the
escape wheel and that of the pallet, and that depends
upon the number of teeth embraced, and only one point
in which the pallet axis can be placed from which the
several lines of the escapement can be correctly traced
and properly constructed with equal angles, and equal
rectangular lockings on both sides, so that each part
travels with the same degree of angular velocity, which
are the three essential points of the escapement.” And
again, “ It is possible to obtain equal angles by a false
centre of motion or pallet axis, but then the arcs of
repose will not be equal; this, however, is not of so
much consequence as that of having destroyed the con-
ditions Nos. 2, 3, 4, for even at correct centres, if the
angles are not drawn off correctly by the protractor and
precisely equal to each other, the isochronous vibrations
of the pendulum will be destroyed, and unequal arcs will
no longer be performed in equal timies ; and I consider
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that the quiescent point is not the centre of the vibratin
except when the driving forces are equal on both sides:
the natural quiescent point of the pendulum at rest.

“ Now this is the very pith of the subject, and whic
few would be inclined to look for with any hope |
finding in it the solution of this important question,#
isochronism of the pendulum.

“One would naturally suppose that unequal ares¢
the two sides of the vertical lines would not serious
affect the rate of the clock, but would be equal ar
contrary, and consequently, a balance of errors, and!
they probably are for the same fixed vibration, but m
for any other, because different angles are drawn wil
different velocities ; the short angle has a quicker rate:
motion than the long. Five pounds motive weight wi
multiply three times the pendulum’s vibration over:
arc of escapement of 0-756°; but the same pendulm
with an arc of escapement of 1%, would require 11-201
to treble its vibration ; whence I proved that the tim
of the vibration varied in the same ratio as the sum:
the squares of the difference of the angles of each pall
compared with the spaces passed over ; nor is this a ve
dificult question to solve mathematically, nor difficult
practical proof.”

204. Frodsham’s Tables—Mr. Frodsham gives tl
following tables of the principal parts of the Graha
dead-beat escapement for astronomical clocks, suited f
an escape wheel of one inch radius and thirty teet
for each of the several numbers of teeth that may’
embraced, from two teeth, or one space, to thirte
teeth, or twelve spaces ; “from which tables those for &
other radius may be obtained by simple multiplication :

«Table L—On the Vulliamy principle, with pal
arms of equal length and circular rests, or lockings
unequal distances.

«“Table IL.—On the principle of circular rests
lockings at equal distances from the pallet axis s
unequal pallet arma.
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Grakam Dead Beat Escapement.
TABLE L

Teeth embraced.
or locking.

Deg. * Deg.* Inches. Inch Inch Inch
3 18 162 ‘8124 1-0111 2105 1058
8 30 150 -5169 10339 3199 2153
4 42 138 ‘7157 1-0697 4357 8310
5 54 126 9067 11208 *5612 4565
6 66 114 10878 11907 7008 5962
7 78 102 1-2569 1-2850 8610 7563
8 90 20 14123 1-4123 1-0510
9 102 78 1-5522 15868 12856 1°1809
10 114 66 1-6750 1-8336 1-5911 1484
n 126 54 17796 2:1997 2 19076
12 11 138 42 1-8646 2-7866 26538 2°5492
13 12 150 80 19292 38584 37793 36746
TABLE II.
[
24 84 - 28
3 i gg BE k]
?3 § % %E ;
* E ¥
it A g
Deg.® Degs [Chord  Becant  Tangent p ., pyohes,
18 163 8129 10125 1584 0537 2630
80 5176 10353 2679 1633 3726
42 138 67 1-0711 3838 2793 4885
54 11223 5005 4048 6143
68 114 10893 1-1924 6494 547 7541
78 102 12586 12868 8098 *7051 9144
20 20 1:4142 14142 10000 *8953 11047
102 78 15543 1-5890 12349 1-1303 13396
114 68 16773 1-8361 1-5399 14353 1°6445
126 4 17820 2-2027 19626 1-8579 2:0673
138 42 18672 27904 26051 2-5004 27098
150 80 1-6318 38637 87320 8-6274 38367
number of these angles in correct escapements
is always divisible by with a remainder of six, whicg is the

pallet space.
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«It is impossible to examine these tables without th
attention being specially called to the numbers peculia
to the plan of escaping over eight teeth upon the tru
rest principle, in which the following facts appear —

(1) That the angles at the wheel and pallet axes ar
each 90°.

¢(2) That the radius of the circular locking is equal
the radius of the wheel )

(3) That the chord of the opening of the wheel an
the distance of the pallet axis from that of the wheel an
each equal, and equal to the square root of the sum o
the squares of the radius of the wheel, and the radius o
the pallet arm at its locking.

“This number, therefore, embraces all the points in
Euclid’s forty-seventh problem—renders the escapement
most easy to delineate and make a working sketch ; and
were a diagram admitted here, it would probably win for
itself the title of the geometrician’s number, and so fix it
in the mind as to promote its universal adoption.

“The calculations in the above tables are based upon
two slightly different plans, which may be thus
defined :— |

“In No. 1, the centre of the pallet axis, a point of the
utmost importance to the correct gearing of the escape
ment, is found in the point of meeting of the two chords
representing the thickness of the pallets prolonged to
their intersection ; or it may be otherwise described a
the corrected tangent of the upper and lower rest.

“In No. 2, the centre of the pallet axis is found in
the intersection of two tangents drawn from the point
where the said radii of the wheel teeth meet the circl
circumscribing them, a construction which makes the
circular rests, or lockings, at equal distance from th
pallet axis, and requires the pallet arms to be o
unequal length.

“In either case, when the centre of the pallet axi
is found as here directed, and all the several measure
given in the tables have been properly carried oul
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the escapement will be found to possess properties and
advantages which are not to be obtained by any other
method.

. %(1) The action of the tooth upon the inclined faces
of the pallets will be uniformly the same for each
pallet.

“(2) If the line connecting the wheel and pallet axes
be bisected, and upon the point so found a circle be
described with a radius equal to half this distance, the
circumference will pass through the centres of the two
axes, and also through the locking points, as each tooth
and pallet in action becomes alternately engaged ; thus
proving that the locking points are angles in a semicircle
‘and consequently right angles, and also that the two
semi-angles at the wheel and pallet axes will be equal
to a right angle, and therefore complements to each
other.

“(3) The arc described by the pendulum and that
described by the escapement will be perfectly equal,
the result of which will be that the same amount of
force being constantly transmitted through the escapement
to the pendulum, it will be driven though various arcs
in equal times, and the pallet, crutch, and pendulum,
instead of interfering with each other’s motion, will
travel together step by step, with the precise angular
velocity due to their respective distances from their
centre of motion. And because the angles at the lock-
ings are right angles, and consequently perpendicular to
the action of the main force, there will be nelther draw
nor repulse.”

Theoretically, the smaller the escaping angle of this
escapement, and consequently the run on the dead faces
of the pallets, the better, but it is found practically
unsafe to make this much less than the angle I have pre-
scribed, namely, 2° from zero, with pallets escaping over -
eight teeth; and even with this angle the work must be
very accurately done and well finished, with no more
ahake than is absolutely requisite.

U



3068 WATCH AND CLOCK MAKING. [Chap. XXI

Although Sir George Airy concluded that tl
friction on the dead faces of the pallets did not affect tl
rate of clocks with this escapement, there is no dou
that any change in the comsistency of the oil on the
faces will affect it, and Mr. Bloxam, the inventor of tl
dipleidoscope, attributed all the errors of the escapeme
to this friction. 8ir E. Beckett says :—¢ Neither wou
the friction on the dead faces, if it were consta
throughout, and if it acted through the same arcs befo
and after zero, affect the time directly ; for while I
pendulum is falling the friction acts contrary to gravit
and with gravity while it is rising after the escapeh
taken place. As it is always resisting the motion of tl
pendulum, it tends to diminish the arc ; and on i
other hand, the impulse always tends to increase it !
that here also there is counteraction to some exten
but as the friction on the pallets does not vary in &
definite proportion to the force of the train, but som
times one way and sometimes the other, no wusef
relation of this kind can be established. All we &
say about the arc is that it increases under an increas
force or a diminished friction, until the remainir
friction on the pallets and the resistance of the air sto]
the increase.”

Although the dead-beat is the best escapement fi
regulators and astronomical clocks, where a weight
employed as the motive power, it is not so suitable f
smaller clocks with shorter pendulums, or where a mai
spring is used, as, although its vibrations are isochro
ous when perfectly made, within centre limits of arc,
is found impossible to make it so correctly that the
are unaffected by any alterations in the impulse, and

. is found practically that where such variations occs

the escapement will gain with any decrease of force, a1
vice versd. The recoil escapement, on the other han
loses with a decrease of force and gains with an increas
and as the two conditions counteract one another, it
the practice to make what are termed half dead-be
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escapements for all but the very highest class of clocks,
i.e., having a slight recoil, which is just perceptible in
the movement of the wheel backwards at the resting
faces of the pallets, instead of making them concentric
with their axis. This is the best way of making this
escapement for small clocks in which it is employed,
which are subject to large variations in the amount of
impulse ; but I should prefer to rely on a correctly made
escapement, and a perfect fusee adjustment for equalising
the impulse, in spring clocks of the better class.

To draw the escapement (Fig. 65) :—

From the centre c describe the circle ¢ ¢, and erect
the perpendicular P ¢, this is your line of centres. From
the same centre draw two radial lines, c @, ¢ @/, at 45°
on each side of the perpendicular ; the chord of the arc
of 90° at the circumference of the wheel will be the
distance of the pallet centre from the centre ¢ on the
perpendicular, and the lines ! r p, P ¢’ #»/, will be tan-
gents to the wheel, at the radial, a ¢, a' .

If the pallets are to be circular, mark off 3° on each
side of the radials, which will give the width of the
pallets ; and from p draw the lines n ¢ », P+ ¥, 2°
below the line, / » p, and above the line p ¢’ », which
will give the amount of the rest and lift. The angle of
rest 18 not shown in the diagram, to avoid confusion, but
the tooth at r is supposed to be resting 3° from the
corner of the impulse plane.

Draw the arcs 7, ¢, 7, ¢/, and join re¢, ¢ ¢, and
complete the figure.

If the lockings are to be equi-distant, mark off the
width of the pallets 6° to the right of the radials @ c,
a’ ¢, and proceed as directed.

In very highlyfinished regulators with light trains
of wheels, the weight driving them is sometimes excessive,
and the pendulum too light to overcome the consequent
resistance, which is increasing, at the locking faces of
the pallets, and as the weight used must be sufficiently
heavy to overcome any possible increasing resistance of
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the train, the pendulum should always be made wi
reference to this, and should always be heavy enough
prevent the unlocking resistance having much disturb’
effect on its vibrations.

CHAPTER XXIIIL
GRAVITY ESCAPEMENTS.

205. Double Three-legged Gravity Escapement-
This escapement was invented by Sir E. Beckett (then M
E. B. Denison) in 1854, It is the best escapement f
all very large clocks where the hands are exposed to t
action of the wind, &c., as it admits of great drivi
power being applied without sensibly affecting ¢
escapement, by increased resistance to the umlocking,
would be the case with the Graham and other dead-be
escapements ; and, the impulse to the pendulum ben
given by the weight of the arms in falling through
given distance to which they have been raised, is, «
course, constant.

Fig. 66 is a diagram of this escapement. A B G, 0 b
are two wheels in different planes, the lifting pins show
at X being pivoted into and between them. The palle
O N P, 0 M P act between the wheels in the same plane:
one another ; the lifting pins acting on the lifting fax
after the line of centres, on the long teeth or legs of #
wheels being released from the stops N, M, which &
Placed one on each side of the pallets, and act alternate
on the wheels The pallets are pivoted one on each si
of the bending point of the suspension spring.

The action of the escapement is as follows :-~T}
pendulum p is travelling in the direction of the arrow
when it has moved the arm u sufficiently far, the tooth
will escape from the stop M, and the lifting pin will rai
the arm on that side out of contact with the pemdulu
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until it escapes from the lifting face, when the tooth a on
the opposite side will fall on to the stop N, the arm u
falling from where it has
been raised, and giving
impulse to the pendulum
at P, until it is stopped
by the next lifting pin ;
and the pendulum, con-
tinuing its course, will
raise the arm N in the
same manner. A fly is
sprung on the arbor to
prevent jar from taking
place on the teeth coming
in contact with the
stops, the large arch
through which the wheel
moves, 60°, at every beat
rendering it effective;
so that in a well-made
and properly-constructed
escapement of this kind
the stopping is quite
dead, and all danger of
tripping is avoided.

In great turret
clocks, where a very
large fly is necessary,
the part of the arbor
on to which the fly is
sprung is left large, or a
collet is put on the ar-
bor. Of course, as Sir
E. Beckett points out,
any increase in the length of the fly renders it more
effective than an increase in the width. For obvious
reasons, the fly should be made as light as possible, as,
indeed, should all the other parts of this escapement.

Fig. 66.—Double Three-legged Gravit;
Escapement, v
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The wheels and pallets should be cut from sheet sl
and all the locking faces hardened. In some of the v
fine escapements the faces of the blocks are jewelled.

The arms of the pallets below the stops may b
any length, but they are generally constructed at
same angle as the upper arms, as shown in the fig
In large escapements, where they must be of consider
thickness, and cannot be bent to adjust the beat, t
have adjustable pins or beat screws to come in conf
with the pendulum.

To set out the escapement :—With an escape wi
of a given size, draw a circle representing its cire
ference ; from the bottom of the escape wheel, on the ]
of centres, produced, divide this circle into three, t
these three points will be the positions of the act
faces of the three teeth of either wheel when at r
and the acting faces of the stops. Draw radii from
centre of the wheel to these points, and tangents to
two upper radii meeting above, the wheel will indicate
theoretical point of suspension and the bending point
the spring. The angles xA 0, 0B x will then each =9
and the line of centres will = the diameter of the wh
Bloxam, who invented a different form of gravity esct
ment, made the top portions of the arms cranked :
pivoted them at this centre. This, however, has b
found to be quite unnecessary, and they are now made
shown in the figure, safe locking being secured by plac
the stops higher on the arms than their true theoret
places, which increases the angle, and is, in fact, the s
as giving a slight draw on them, as is done in the le
escapement by undercutting.

The teeth of the lower wheel are usually set at ec
distances between those of the upper, although this is’
absolutely necessary, and the lifting pins are set on r
to the acting faces of the teeth of one of the wheels
as to act across the line of centres, at a distance fi
the centre not exceeding a twelfth of the radius of
wheel. The lifting pins must be hardened and polisl
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and the lifting faces of the pallets must be either hard-
ened and polished or jewelled.

From the comparatively great angle at which the
arms are to the line of centres, the distance through
which they have to be lifted to give sufficient impulse is
less in this escapement than in one with a larger number
of teeth acting in the same plane, as the pallets would then
hang more nearly upright. This is a great advantage, as
the contact is shorter. The unlocking is also easier for
the same reason, and' from the greater diameter of the
wheel in proportion to the other parts of the escape-
ment, the pressure on the stops being considerably less.

The fly is also more effective than where it bas less
angular motion, which, with the above, renders the
locking lighter, and, from the few teeth in the escape
wheel, another pinion is necessary, which reduces the
effect on the escapement and pendulum of irregularities
in the train, and the superfluous power before-mentioned,
necessary for overcoming such defects, carrying the hands
in all weathers, &e. :

206. Four-legged Gravity Escapement.—This escape-
ment is also the invention of Sir E. Beckett. It is the
same in principle as the foregoing, from which it differs
in the following particulars :—

It has only one escape wheel, with four teeth or legs,
and two sets of four lifting pins, one on each side. The
wheel acts between the pallets, one set of lifting pins
acting on the one, and the other on the other ; the stops
point inwards towards the wheel. The wheel turns 45°
at each beat, and its arbor likewise carries a fly. To
set out this escapement, draw the circumference of the
escape wheel ; mark off on this circle 671° on each side
of the line of centres, and draw radii to these points,
which will indicate the positions of the lockings ; tangents
to these radii, meeting above the wheel, will give the
theoretical point of suspension, and, as in the three-
legged escapement, safety must be ensured by shifting
the stops a little up and down respectively. The lifting
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pins, which act on the lower pallet face, are planted o
radii to the acting faces of the teeth, the opposite se
being midway between them. This secures lifting at th
line of centres. They must be planted at not more tha
a fifteenth of the radius of the wheel from the centre
The pallets do not bank on the lifting pins as in th
three-legged escapement, but on two banking pins, whicl
should be planted as near as possible to the centre o
percussion, to avoid vibration, in such a position as ¢
allow of a little run taking place before coming i
contact with the lifting faces to ensure prompt lifting
The impulse arms of the pallets may be made parallel
the upper arms, and rather longer than shorter. All th
parts, wheel, pallets, and stops, must be made as ligh
as possible, and the contact faces hardened or jewelled.

I have not given a figure of this escapement, th
principle of which may be understood from the former
to which it is inferior for turret clocks, and, as i
requires an extra wheel and pinion, and takes up a litth
more room than the Graham, it has not superseded thal
escapement for regulators. It may, however, be easil
made, and will give good results if the above points ar
carefully attended to.

207. Electrical Clocks.—In 1840, Mr. Alexande
Bain, of Edinburgh, invented a clock to go without weight
or springs as the motive power, by the application o
electricity to the pendulum ; he reversed the order o
things in the old clocks, and made the pendulum drive
what wheels there were in the train and the hands.

The pendulum bob was composed of a hollow
cylinder, containing a large coil of insulated wire, the
ends of which ran up the rod, terminating in two springs
upon which the pendulum was suspended, and attached &
which were wires which communicated with a smal
galvanic battery.

Two groups of four or five permanent magnets having
opposite poles were fastened together, each magnet clos
to, but separated from, the next, and fixed to the case, thi
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like poles of each group being next to and slightly
separated from those of the other.

Over these magnets, but without touching them, the
bob passed in the oscillations of the pendulum, and the
galvanic circuit was completed by a sliding bar, which
rested on the battery terminals; this bar, being pushed
backwards and forwards by the pendulum in its oscil-
lations, made and broke contact with the different poles,
thus reversing the current at each beat, and rendering
the pendulum automatic in its action.

The power was communicated to the wheel work of
this clock by a propelment in the form of a sort of recoil
escapement reversed, with a ratchet wheel and click, as
in all clocks where the motive power is transmitted
through the pendulum there can be no escapement,
properly so called.

Bain’s system was much thought of at the time, and
he carried on a large clock factory at Edinburgh for
some years, afterwards removing to London ; but his
clocks were failures scientifically and commercially. Being
directly controlled by the current from the battery, any
irregularity in that caused a corresponding irregularity
in the rate of the clock, the friction of the sliding bar
also proving a source of failure, and they are now things
of the past. But his system was modified and improved
by others, and clocks kept going, controlled, and set by
electricity came into common use.

About the time of Bain’s invention, the late Sir
Charles Wheatstone invented another kind of electric
clock, where & motor or driving clock actuates a series
of dials.

Mr. Shepherd also spent a great deal of time in
improving electric clocks, his system being approved and
adopted by the late Astronomer Royal, as it gave a kind
of gravity impulse to the pendulum. However, all electric
clocks that are entirely dependent on the constant action
of the current will fail sometimes if provision is not made
to enable the clock to go for a time independent of it.
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208. Jones’s System of Controlling Clocks.-
This fact became apparent to Mr. R. L. Jones, wh

Fig. 67.—Jones’s System of Controlling Clocks.

as manager of the railway station at Chester, had for
the importance of true time, and after many unsucces:
experiments with electric clocks, he adopted the plan
controlling a Bain’s pendulum applied to an ordin:
clock by causing the pendulum of an astronomical ck
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to make and break contact with the opposite currents at
each oscillation, thus transmitting at each beat a positive
or negative current through the Bain’s pendulum or pendu-
lums, and causing both the normal and controlled
pendulums to beat in unison. Moreover, the pendulum
being driven by the clock in the ordinary manner, any
failure of the electric current did not affect it for some
considerable time, provided it did not vary more than
one beat before the current was restored.

The following is Mr. F. J. Ritchie’s explanation of
Mr. Jones's system :—

“ Each controlled clock is complete in itself, re-
quiring periodical winding up, and regulated approxi-
mately to time, but it is provided with a pendulum, P,
constructed similar to Mr. Bain’s, vibrating over a
bundle, or rather two bundles, of magnetic bars, sN—Ns
(Fig. 67). The normal clock is furnished with slight
springs, a and b, one on each side of the pendulum, o,
which are attached, one to the copper terminal plate of
battery A, and the other to the zinc terminal of battery
B ; the other poles, + and —, of each battery passing by
the line wire or through the earth, to one of the sus-
pension springs of the controlled pendulum, p, thence
down the rod and around the ball, B, to the second
suspension spring, and by the line wire to the pendulum
rod of the normal clock.

% When the normal clock pendulum swings and touches
the one spring, a current of one kind is transmitted from
the battery, A, along the wire, producing an attraction
between the one pole of the magnet bar and the wire
coil of the controlled pendulum, R, the second battery, B,
being meanwhile inactive until the normal pendulum, in
its reverse swing, makes contact with the spring b, and
a current of the opposite nature is transmitted to the
controlled pendulum, producing, of course, an opposite
result.

“ Thus each second by day and night an alternative
current of positive and negative electricity is transmitted
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along the line and through the controlled pendulum
which most effectually secures the coincidence of beat i
the normal and controlled clocks. Should the controlle
clocks incline to go too slow, these correcting curreni
drag them onwards ; if too fast, then the currents retar
the motion of their pendulums, and perfect coincidenc
of time is secured.”

The success of Jones's plan was at once evident, an
it was applied to several of the public clocks at Liverpoo
these clocks being controlled by an astronomical clock i
the observatory.

Some years ago, before any attempt was made s
controlling, and when the time of the public clocksi
London was very irregular, the council of the Horologic
Institute sought to induce the Corporation to establis
three public clocks, to be controlled on Jones’s systen
Sir George Airy offered to supply the current fro
Greenwich Observatory, and Messrs. Walker and Varle
the eminent electricians, offered every assistance the
ocould render. But the failure of a clock belonging t
Messrs. De la Rue, which was controlled on Jones
system, was a sufficient excuse for the Corporation to d
nothing in the matter ; this clock was, by-the-bye, a ver
bad one, and has since been removed.

Inventors and people who are enthusiastic in adoptin
an invention are apt to exaggerate its utility and scope
it was thought that any clock was good enough if it hs
Jones'’s controlled pendulum applied to it, and bad clock
have had a good deal to do with the partial abandonmer
of that system.

209. Ritchie's Electrical Clock Escapement. -
Mr. Ritchie, of Edinburgh, has been the latest an
most successful improver of electric clocks; by kh
system he is enabled to maintain a number of pendulun
in motion by currents of electricity transmitted to the
by the action of a normal clock, the action being ti
same a8 in Jones's clocks, only there are no ‘weights |
the subordinate ones, the vibrations of which a
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maintained by electricity alone. As in this case the
pendulum drives the wheels and hands, the accuracy of

the clock must depend
to a great extent on the
construction of what in
an ordinary clock would
. be the escapement, and
Messrs. Ritchie have in-
vented a number of inge-
nious contrivances for this
purpose.  The escape
wheel having no tendency
to move of itself, the pal-
lets must be so constructed
that they will hold the
wheel during a portion of
the time of the swing of
the pendulum, and drive
it forward during the
remaining portion.

Fig.. 68 shows the
most approved of Messrs.
Ritchie’s escapements, or
propelments. It consists
of a wheel with the usual
thirty teeth, the pallets
being two gravity arms
mounted on separate ar-
bors, and unconnected
with each other; the long
straight portions of these,
a, @/, act as the crutch.
The pendulum, p, has just
completed its vibration to

Fig. 68.—Ritchie’s Electrical Clock
Escapement.

the right and is returning to the left; the arm of the
pallet, resting on the tooth at b, is prevented from
pressing it forwards by the wheel being locked on the
opposite side by the stop, s; when the pendulum,
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continuing its vibration, reaches @, it will lift the sto
s, out of the wheel, and the arm B, b, already resting ¢
the tooth at b, will press the wheel forwards until tl
- next tooth is stopped at &'

The projecting plane, a, acts in the same manner 1
the end of the arm at b, preventing the wheel from goir
backwards, and pressing it forwards when it is release
from the stop, s'.

For large clocks, where the hands are exposed to tt
pressure of the wind, a click and ratchet are added to tt
escape pinion, to prevent the wheel from being force
backwards when the weight of the gravity arms migl
not be sufficient to do so.

As clocks with cases sufficiently long for seconc
pendulums are sometimes objectionable, Messrs. Ritchi
have an arrangement for loading a simple pendulw
above its point of suspension, by which means a pendi
lum can be constructed to vibrate within the diamete
of its own dial to any rate desired, on the principle ¢
Maelzel’s metronome ; both ends of this pendulum hav
the bobs containing coils of wire passing over magne!
a8 in the longer pendulum, thus securing regularity i
the vibrations, which could not otherwise be depende
on.

The momentum which these subordinate pendulun
acquire while they are being impelled by the current i
sufficient to keep them oscillating for some thirt
seconds, and consequently, drive the train and hands fc
that length of time; but if through any accident th
motor clock failed to transmit the current, or the cloc
itself stopped, the subordinate clocks would stop also.

Mr. Ritchie’s system, however, is in operation i
many places, and has given entire satisfaction for year
and he informs me that he has not found it necessar
to make any alteration or improvement in what is herei
described.

Messrs. Barraud and Lund have introduced a systel
of setting or synchronising clocks by means of cli
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(actuated by an electric current) catching the minute
hand at fixed intervals, which is largely in use in London.
The principle is similar to that applied by Bain, the in-
ventor of electric clocks, for a similar purpose. It has
been carried out with great energy by Mr. J. A. Lund,
and is now worked by a company.

A good deal of practical difficulty has been experi-
enced by the various persons who have tried to set or
synchronise clocks in this way, from the want of unifor-
mity in the clocks to be set and other causes, so that,
whatever may be the advantages of such a system when
employed in large establishments like the Post Office,
it is questionable whether in merchant’s offices and
such places a good clock, that can be procured at a
moderate price, and that will keep time without set-
ting for weeks and months together, would not be less
expensive and a good deal more trustworthy than common
dials set by any automatic system.

CHAPTER XXIV.

HOUSE CLOCKS,

210. Various Kinds of Clocks. — Fifty years ago
many of the socalled watchmakers in the provincial
towns were in reality clockmakers, as the names on so
many of the old long-cased clocks testify. The country
clockmaker usually had an engine, and could cut his own
wheels and pinions, but as these were cut with a straight
slit only, they had to be shaped up afterwards by hand
with a file. This system was so very primitive that it
could not last, but it had the merit of teaching the
country watchmakers’ apprentices to file and turn, and
some of our best watchmakers have been drawn from this
class.
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These clocks, having invariably seconds’ pendulun
and long cases, were not sufficiently cheap or portable f
the working populations of large towns, and were supe
seded by the Black Forest, or Dutch, clocks, which
their turn have given place to the machine-made cloc
of the American factories. Praiseworthy efforts are no
being made to reduce the price of English house clock
by adopting machinery largely in their manufactm
and it is difficult to explain why this has not been .do
before. It is to be hoped these attempts will lead to t!
revival of an industry which has been allowed -
dwindle into insignificance.

The French have long held the market for ornament
clocks, not, because of the clocks being good in themselve
but on account of the decorative style of the cases. The
clocks are generally uniform in size and caliber, an
although there is very little automatic machinery er
ployed in their manufacture, are produced very cheapl

The imitations of the old English bracket clocks ar
quarter clocks are failures, owing to their small mov
ments and want of power, but principally to their lacki
the adjustment of the fusee, for whatever controver
there may be respecting the merits of the going barr
for pocket watches, there is none as to its fitness f
clocks where all the power obtainable is necessary, and,
a clock were made to go eight or nine days only with
going barrel, it would lose several minutes in the latt
days of the week. For this reason the French clocksa
made to go twenty-one days, so that if they are wow
once a week, a few turns only of the spring are unwoun
and the pull is kept approximately equal. But in cloc
requiring greater driving power this long spring cann
be used, and the unequal pull of the spring can only -
got over by the use of the fusee, which is one of t
reasons why we keep the making of office dials, &c.,
our own hands.

The Viennese and German weight clo¢ks, introduc
since the institution of international exhibitions, a



Chap. XXIV.] ) HOUSE CLOCKS. 321

tolerably portable, and should keep good time, but they
are not in much demand, as few of them are made to strike
the hours. If a factory or factories could be established
here with sufficient capital and machinery, there is no
doubt we could make clocks cheap enough to compete
with all comers. I believe that at present only the
movements of the American clocks are imported, the
cases and fittings being made more cheaply here ; and
these movements are poor things. However, until the
factories are set up, provincial watchmakers would do
well to revive clockmaking, though not exactly on the
old lines ; and, since the art has to some extent died out,
I will describe some of the details.

211. Eight-day Clocks.—The brass work of the eight-
day striking clock (whether weight or spring) is cast,
and should be well hammered before anything else is
done to it, the plates and wheels especially. The wheels,
and sometimes the plates, are made from hard rolled
sheet brass, the former being stamped out. The holes
in the centre of the wheels having been drilled and
broached to the required size, and the wheels turned true
on the edge on a screw arbor, they should be filed flat
on the sides, and of an equal thickness, when they are
ready for having the teeth cut in them ; but it is better
(if the proper facilities, such as an engine, exist for
doing this work) to cross the arms out first, smooth
the sides, and fix them on their arbors before cutting the
teeth. The plates, after being well hammered, should be
pinned together and made square, then separated and
filed flat, and smoothed by scraping them.

The pinions of these clocks are now always made
from pinion wire. Sometimes the centre pinion is cut
in an engine, but if it is made from the wire, the leaves
are left on that part of it which is to form the large
front pivot, and softened and forged until it looks solid ;
this enables the arbor to be left large enough for a
shoulder to the pivot. A deep sink is cut on each side
of the pinion heads, and the leaves are broken off the

v
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" portions that are to form the arbors. This is done
squeezing two leaves together at a time in a strong v.
which saves the labour of filing them off. The ark
are then centred, and turned and smoothed with a smo
file. The pinions also require smoothing, and often
bottoms of the spaces need to be sunk a little more wit
file of the proper shape ; they are then ready for harden
and tempering. They should be left as hard as it
possible to turn them, and if in hardening the arbors
bent, they may be straightened by striking the hol
side a few blows with the pzan of a hammer on a pi
of steel or iron, care being taken to strike the ar
opposite to where it is solidly supported. The pini
and arbors can now be polished as follows :—

Cut a square hole in a piece of hard wood that v
just fit the pinion; grip a board of willow or other &
wood in the vice, and, with the aid of the piece of b
wood which forms a couple of handles at right angles
the board in the vice, move the pinion backwards a
forwards until the leaves have cut out tracks for the
selves, and left little ridges between that go to |
bottom of the spaces. By charging the board w
emery and oil, and working the pinion along it,
leaves are easily polished, and will not be put out
shape or rounded.

The arbors are first polished with oil-stone dust a
a polisher, and finished by tying two pieces of soft wo
charged with fine emery, together at one end, a
gripping the arbor between them while it is rotati
This is a very short process; and the pinions can
faced, if that is thought desirable, either with a squ
polisher or the ordinary facing tool. The wheels !
riveted on to brass collets, which are attached to 1
arbors with soft solder, except the centre wheel, whi
is riveted on to its pinion.

If the depths be now made in a good depthing tc
the caliber can be drawn by marking them off accordi
to the space at disposal or the size of the frames; i



Chap. XXIV.] HOUSE CLOCKS. 323

wheels of the striking train are usually placed in nearly
a straight line, one over the other. The fly should be
kept quite clear of the pallets, and the centre and escape
wheels in a line with one another, if the clock is to have
a seconds hand. Before separating the plates, drill the
pivot and pillar holes, and open the latter to nearly the
required size, when the plates can be separated and the
pillars put in. If the plates are to be lacquered, the
inside of the pillar plate should be smoothed, and the
pillars riveted in at once ; but if the plates are to have
8 high polish, the pillars must be put in temporarily, and
should have either a washer under the rivet or a very
long rivet left. The plates are polished by pinning them
on to a block, and rubbing them smooth with pumice
stone and plenty of water, and afterwards with Water-of-
Ajyr stone, finishing off with a buff and rotten stone and oil.

English clocks have always the rack spur and lifting
piece made of steel or iron, but for no adequate reason
that I can see. In French clocks these pieces are made
of brass, which is more easily worked, and therefore
cheaper; and in any rational system they would be
stamped out.

212. The Striking Train.—Planting them is almost
arbitrary. The rack must be planted close to the pivot
hole of the third wheel in the striking train, the lifting
piece being in such a position that the end which
projects through the plate will catch a pin in the
rim of the fourth or fly wheel. The rack hook should
be planted so that it keeps one or two teeth of the rack
to the left, or in front, of the third wheel pivot hole,
and at a right angle to the rack. The rack should
have thirteen or fourteen teeth cut in it and must
be the segment of a circle, but the first tooth should be a
little longer than the others, in order that when the
hook is lifted over that tooth it may clear all the others
when the clock “warns” (i.e., the noise made by the
rack arm falling against the snail a few minutes before
the clock strikes).
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If the clock is required to strike ‘‘ one” at the hall
hour, the first tooth must be lower than the second one
and the pin in the minute wheel so placed that it wi
lift the hook over only one tooth for the half-hour. Th
teeth of the rack should be cut in an engine, but if the
are marked with a double-edged spacing punch they ca
be cut by hand sufficiently accurately ; in fact, thati
the method of cutting the teeth on the racks of th
finest repeating watches. The snail is usually carried o
the hour wheel, and the steps on it are marked by the pi
in the rack arm, the rack spur being shifted from tooth t
tooth and held tightly in each, while the snail is move
round, and the pin in the rack arm marks it. The un
formity of the teeth of the rack being unimportant s
long as they coincide with the steps on the snail, th
length of the steps is determined by bringing the pi
in the minute wheel against the back of the arm of th
lifting piece, and marking the snail with dividers fron
any convenient point. The arm of the lifting piece i
made of hard hammered brass, and should be sufficient;
weak to allow the pin in the minute wheel that lifts i
from the front side to pass under it if the hands ar
turned backwards; the arm can either be twisted, o
have an ear left on it to enable this to be done.

The rack arm is also of hard brags; it should be thin
and have the pin in it made of such a shape that it wil
ride over the snail in the event of the clock missing t
strike ‘twelve;” the face of the snail should b
bevelled off for this purpose, as if it does not ride over i
the clock will stop.

The rack lifting piece and rack spur have long bras
collets riveted into them, to which studs are fitted tha
are screwed into the plates, and are kept in their place
by small pins put into the studs above the collets. I
English clocks the hour wheel is not fitted to the stem ¢
the minute wheel, but to a bridge that is screwed to th
plate over the minute wheel, and as the hour hand i
generally fixed by a small screw to the boss of the hou
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wheel, the wheel should be keyed on to this boss to en-
able the hour hand to be shifted.

In clocks with small, or even twelve-inch, dials, I see
no reason why this bridge should be used; in French
clocks it is always dispensed with. If the hour wheel
were fitted on to the pipe of the minute wheel it would
improve the appearance of the dial by keeping the
centres of the hands smaller, and a pipe to the hour
hand is a more convenient method of enabling it to be
set with the minute hand than shifting the minute wheel
in putting the clock together.

‘When the clock is required to repeat the hours the
snail is placed on a separate stud with a star wheel, so
that, instead of moving gradually, it is shifted at once,
just before the hour is struck, in the same manner as in
a repeating watch, the third wheel of the striking part
has a large pivot in front, which projects through the
plate, on which the gathering pallet is squared. This
gathering pallet in English clocks, in addition to its.
office of moving one tooth of the rack for each stroke of
the hammer, also stops the train when the rack spur has
been drawn over the last tooth of the rack, a long tail
of this pallet then coming against a pin projecting from
the rack. In French clocks, this stopping is effected by
the addition of two extra pieces and an extra spring;
one of these pieces drops down and catches a pin in the
rim of the third wheel. Sir E. Beckett says this is a
better plan than the English one; it is certainly no
more effective, however, and is much more complicated
and troublesome. The train is stopped more easily at
the radius of the wheel than near its centre, but I have
never heard of 4 pivot having been broken off by the
contact of the gathering pallet with the pin in the rack.
The old-fashioned clocks had the bell at the top, and the
hammer stalk parallel to the side of the frame ; and, in
this case, the hammer spring (usually made of iron) was
planted inside the pillar plate. The spring had its
upper end bent or forged into an angle, and a projection
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of the hammer stalk resting upon the flat head of tl
spring served as a buffer for the hammer, and prevent
the jarring which would take place if the hammer wel
allowed to fall against the pillar. In all clocks th
strike on a bell, spring, or gong, and in bracket clocl
where the bell is placed at the back for convenience, t}
hammer arbor is brought through the back plate, an
pivoted into a high cock. In this case the hammer
usually placed horizontally, and a spring is screwed ¢
to the cock, which comes in contact with the hamme
stalk, and keeps the hammer free from the bell after:
has struck it. The pin wheel has eight pins set in if
rim for lifting. The hammer tail on which these pir
act must be left as long as possible; it should t
shortened until when it drops off one pin it will nc
quite reach the next, but be a little distance from it. Tt
third wheel must turn once for every pin, or eight time
for one of the pin wheel ; and the fourth wheel must mak
some equal number of turns for one of the third wheel.

The numbers of wheels and pinions vary considerabl
in clocks, but can be easily calculated. (See pp. 57-60
The train in common use is generally, for the strikin

train :—
Main wheel. Pin wheel. Third.  Fourth. Fly
Wheel . . 84 64 56

Pinion . . — 8 8 7 7
Going train, with seconds pendulum :—
Main. Centre, Third, Rscape.
Wheel . . 96 64 60 30
Pinion . . —_ 8 8 8

For a clock with half seconds pendulum, a suitabl
train is :—

STRIKING. Gorva.
‘Wheels. Pinions, ‘Wheels. Pinions,
84 — 96 .
64 8 84 8
56 8 80 8
50 1 30 7

Fly .1
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with sixteen turns on the fusee or barrel to allow the
clock to go and strike for eight days.

In finally adjusting the striking part, care must be
taken that the hammer tail when it falls from one pin al-
lows the pin wheel a little run before the next pin comes
in contact with it, as, if it does not, the clock is likely to
stop striking when the oil becomes a little thick. In
putting the clock together, the third wheel pinion must
be shifted in the pin wheel until the tail of the gathering
pallet is quite close to the pin in the rack that stops it,
otherwise the pin-wheel will have too much run after the
hammer has dropped. The pin in the fly wheel should also
be close to the projecting end of the lifting piece, and not
at the back of it, for the same reason.

The dial wheels may have any convenient number of
teeth, that will allow of the hour wheel turning once to
twelve turns of the minute wheel. The escapements have
been already so fully treated of that it is unnecessary to
say anything about them here; the half-dead-beat is
found best for clocks with short pendulums, and the
recoil is usually applied to those with seconds pendulums.
It is not usual to make a maintaining power for these
clocks, but it is necessary if accurate timekeeping is
aimed at, as, when a seconds pendulum is swinging with
a recoil escapement, the pallets drive the wheel backwards
if the pawer is taken off, and for every second the clock
should go forward while being wound it will go back one
second. However, when a clock is thought good enough
to have a maintaining power it is thought good enough
also to have a Graham dead-beat escapement, and is re-
moved from the category of house clocks.

213. Quarter Clocks are different from those already
described only in having an additional train of wheels to
strike the quarters. A good many French clocks, and
formerly some English ones, were made to strike the
quarters and hours with the same train. They struck
usually on two springs, and were called ¢ Ting Tang”
quarter clocks; but this kind of clock is never made here
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now. The quarter barrel and great wheel must be large
than those of the hour part, but the principle of th
striking work is the same, with rack hook, liftin
piece, and quarter snail. The quarter rack is made t
discharge the hours. The minute wheel has four pins i1
it, lifting the quarter lifting piece in the usual way ; an
when the rack falls into the lowest notch of the snail a
the fourth quarter, a pin in it strikes the end of the racl
hook of the hour part, releasing it from the rack, anc
allowing the rack arm to fall into the hour snail. Th
quarter rack in falling sets free a lever that is doing th
duty of the lifting piece to the hour part ; this lever i
lifted up by a spring, and the end of it catches a pin i
the end of the fly wheel, and prevents the hour trai
from moving until the quarters are struck, when th
quarter rack, acting on the tail of this lever, draws i
down again, and releases the pin in the fly wheel of th
hour part, thus permitting the hours to be struck a fev
seconds after the quarters. This quarter train is alway:
placed to the right of the going part, and the usua
numbers employed are :—

First wheel, 8econd. Third, Fourth. Fly.
Wheel . . 100 80 64 50 —
Pinion . . — 8 8 8 8

If the quarters are struck on an octave of bells, th
pins for lifting the hammers are set on a barrel in th
following order :—
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If struck on four gongs or bell springs, the Cambridge
chimes are used. The notes of these gongs must not
follow one another, as in the bells throughout, but the
lowest, or fourth, must be a musical fourth below the
third, and the gong on which the hour is struck one or
two notes lower.

The following are the Cambridge chimes, written an
octave lower to keep them in the lines :—
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214. Astronomical Clocks or Regulators have nc
striking part to them, in order to avoid all complication ;
and as the performance of these clocks depends mainly or
their escapements and pendulums, both of which have beer
treated of under those heads, little need be said of then
construction. In setting out the caliber, the importani
thing to observe is the position of the hands on the dial
If the dial is a twelve-inch one, as is usual, the escapt
wheel hole should be marked in a straight line above the
centre hole, at a distance of 25 inches ; and as the how
hand, to avoid friction, is carried on the arbor of a whee.
that coincides with the great wheel, and is geared int
it (or rather, into a smaller wheel with an equal numbe
of teeth that is screwed on to the back of the greal
wheel), these wheels must be small enough to allow of
the great wheel being planted considerably below the
centre wheel, and to the right of it, as then the line wil
fall on the inside of the barrel, and the friction on the
barrel pivots, as in a left-handed fusee watch movement
(see p. 68), will be the difference between the weight
and the resistance, instead of the sum of the two. But,
as the weight must not come down in the middle of the
case and in front of the pendulum, a barrel with a worm
cut on it should be placed in brackets, screwed to and
projecting from the left-hand side of the frame, at @
sufficient distance to bring the weight down in the left
hand corner of the case, and as near the front as possible
The line should be fixed in front of the barrel, and nol
next thegreat wheel (which isthe usual method), as then the
weight in descending gets more out of the way of the pen
dulum as it unwinds the line. The well-known influence of
swinging pendulums on pendulous weights in proximity
to them renders this point of keeping the weight at s
sufficient distance from the pendulum when it reaches
the level of the bob of considerable importance to the
good performance of the clock.

For a regulator of no great pretensions, the following
is a suitable train, with a great wheel of about thre
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inches in diameter, the others diminishing propor-
tionately :—

Great wheel. Centre. Third. Escape
‘Wheel . . 144 96 90 30
Pinion . . _ 12 12 12

They are, however, usually made with higher numbers,
and, of course, larger wheels, otherwise the teeth would
not be strong enough. In the best regulators, the
following is the usual train :—

Great wheel. Centre, Third, Escape.
‘Wheel . . 192 128 120 30
Pinion . . —_ 16 16 16

The pallets should be jewelled, but if the pivot holes
are well made and of the best brass, I see no reason for
jewelling them, as the objection to long holes in
watches does not obtain here, and they will last a long
time without wear. Much of the accuracy of the going
of the clock depends on the way in which it is fixed.
The case should have a very solid back screwed to the
wall some distance from the floor, and the pendulum
should be hung on a strong cock screwed to the back of
the case, and in such a position that the bending point
of the spring will be exactly opposite the pivot of the
pallet arbor. The crutch should have beat screws, for
adjusting the beats, and the clock be placed where there
are no air currents.

215. Turret Clocks.—Until a comparatively recent
date, public clocks in England did not keep good time,
the dead-beat escapement of Graham, that gives such good
results in astronomical clocks, not being adapted for
clocks that are subject to external disturbance or have
a varying motive forcee The pin wheel and recoil
escapements were most commonly used, and various
forms of remontoirs were from time to time applied here
to large clocks, and in France, where public time was
considered of more importance than it was in this
country, the latter were in common use. The remontoir
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is an arrangement not in the escapement, but in the
upper part of the going-train, by which a weak spring is
wound up, or a small weight is lifted, that gives impulse
to the escape wheel at short intervals, by which it was
sought to counteract the irregularities in the impulse
that were caused by a coarse train, etc., and the varying
pressure of the wind, etc., upon the hands. But these
remontoirs were complicated and delicate, and have now
been entirely superseded by the double-three-legged
gravity escapement.

The revolution effected in the clock trade since the
design and construction of the great Westminster clock
(1851—9) by Sir Edmund Beckett, and the improve
ments made by him in the escapement, striking parts,
etc., created a revival on a large scale of the factory
system of turret clockmaking in this country, a detailed
description of which is beyond the scope of the present
work. To anyone interested in the manufacture of large
clocks, however, I would recommend a study of Si
Edmund’s excellent work on the subject.

The numbers of trains, sizes of wheels, fall of weights,
etc., being governed by the available space and the
height and formation of the clock tower, the details of
the clock should be considered in relation to this ac
commodation by the maker, who should so design his
clock as to utilise to the utmost the space at his disposal
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155—176

— — Action of, 157
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— — Early forms of, 155
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— — — detent, 167—169

—_ lochng sbone. 166, 167, 18!
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miralty, 27, 358
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ﬁment
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_—— Wood and zine, or wood and
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Crank lever escapement, 38, 181

Crisp, W, B,, 212
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m Alexander, F.R.8,

Tander, ., 289
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Duplax escapement, Setting of, 145

— —To , 150, 154
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Dutertre, Jean Baptiste, 137

Dug on watches, United tes’,

EARLYEnglish clocks (imitation),

Earnshaw, Thomas, 22, 26, 155, 227
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— chronometer escapement, 26, 155
Ecliptic, The, 5, 6
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# Eight-day " dials, 16
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— ~ Escapement for, 316—319
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FACIO Nicolas, 20, 110, 111, 114,
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Ferguson, James, 7
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— Watch, 85—102

— wheels and nions, 83

Fitting watch hands, 104

Fixing movement in case, 108
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—806
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Full-plate watches, 39, 40, 41, 61
Fusee, Adjustment, 16 38, 63, 71
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— collet, 64
—_ detent, 44, 65, 94
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— Number of turns on, 60, 66
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— stop, 67, 68, 93
— To great wheel on, 87
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GALILEO‘S discovery of 1
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Galileo, Vmeenzo, 12, 274, 275
Gauges, Sir J. Wlntwort.h's, 7
— Want of standard, 37
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Genemhng circles, 45, 46, 47
Geneva stop work, 75—77
Gerbert, 10
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ledmg,

ters, 33, 56
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Going-barrel, 71, 72, 75—78
Gothic vault, 48

129, 180, 286,
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66,
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— Standard clock at, 290

- =—time,
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Gridlron pendnlum, 14, 21, 288, 289
on, Thomu, 27130
Grossmann, Moritz,
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ALLEY, Dr., 21
‘Hall marks in cases, 84
Hands, To fit, 61, 104
Hard

ﬂ
Hardy’s balance, 29, 243, 244
Harrison, John, 20—241’
Harrison’s oompenmtion, 21, 2,
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-_ chronomaters, 20, 21, 23
— escapement, 22
—_ msulx’talmng power, 23, 63
Harris, Blchnd, 274
Ha.rtmup, Professor, 27, 28, 232, 236
Hartnup’s balance, 248, 250
— formula, 233, 239
— tables, 237, 238
Hautfenille, L'Abbs, 179, 208
Hele, l‘eter 17

Hglei’% or Cylindneal spring, 28,

— teeth, 47
Hengham, Biarl h de, 10
Herschell, Bir J., p de,
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Hour wheel, 62, 96, 105
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— of Commons, 24
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J exe}lmg chronometer 84
— hole making, 11
— Invention of 20 110
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MANUALS OF TECHNOLOGY.

PROFESSOR AYRTON, F.R.S,

AND

RICHARD WOl'?MELL. D Se, MA.

FOR some time past there has been a widespread demand on the
part of technical students for text-books. ‘T'he object ot this series
is to meet this demand by furnishing books which describe 74
application of science to industry.

These manuals are not intended to teach pure science, nor
yet the methods of a workshop ; they are to form the link which
will combine these two essentials for the modern artisan—thought
and practice ; they are designed to make workmen thinkers, not
merely human tools.

To attain this, it is most important to translate the language
of the Professor into the language of the workshop, thus giving
to the British workman an acquaintance with the scientific prin-
ciples which underlie his daily work.

No special knowledge of mathematics or  of science is
necessary to the student of this series, but it is expected that he
will have been observant of the processes carried on in his work-
shop, which will be here scientifically explained. The subjects
will be treated analytically rather than synthetically; that is to
say, the machine, as the workman knows it, will be taken as a
whole and analysed, and special care will be taken to avoid the
method so common in scientific books, according to which a
number of abstract principles are first developed, while their
practical application is deferred to the end of the book, which,
probably, the practical man never reaches.

As text-books for the large and increasing number of candi-
dates at the Technological Examinations of the City and Guilds of
London Institute, with which many of the authors are connected,
these Manuals of Technology will be especially valuable. An
author in each case has been selected who was able to comprise
a well-grounded scientific knowledge with a practical familiarity
with the minute details of the trade trcated of in his book. Con-
sequently, while the latest and most approved processes of manu-
facture will be found described, the exact scientific reasons for the
superiority of these modern methods over the older ones will be
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given in full, as well as such indications as science would sugges!
for improving the present processes.

List of Manuals of Technology.

NOW READY.,

Watch and Clock Making. By D. GLascow, Vice
President, British Horological Institute. Price 4s. 6d.

Design in Textile Fabrics. By T. R. ASHENHURST
of the Technical School, Bradford. With Coloured Plates
.Pricg 4s. 6d.

Spinning Woollen and Worsted. By W. S
BRIGHT MCLAREN, M.A. 4s. 6d.

Steel and Iron. By W. H. GreeNwoop, F.C.S.
Assoc, M.L.C.E, &s.

Practical Mechanics. By J. PERrY, M.E,, Professor o
Mechanical Engineering and Applied Mathematics, City anc
Guilds of London Technical College, Finsbury.  Price 3s. 6d.

Cuttmg Tools Worked b? Hand and Machine.

H. SmITH, Professor of Mechanical Engineering, Sil
josnh Mason’s College, Birmingham. Price 3s. 6d.
IN PREPARATION.

Fluid Motors. By Professor PErRRY, M.E.

Electric Lighting and Transmission of Power.
By W. E. AYrTON, F.R.S., Professor of Electrical Engineering
and Applied Physics, City and Guilds of London Technica
College, Finsbury.

Chemistry. By Dr. ARMSTRONG, F.R.S., Secretary of the
Chemical Society, Professor of Chemistry, City and Guild:
of London Technical College, Finsbury.

Flax Spinning. By DAviD S. THOMSON, Manager,
Mountain Mill, Belfast.

The Dyeing of Textile Fabrics. By Professor J. |
HuMMEL, of the Yorkshire College, Leeds:

*.¥ Other Volumes will be added.

The numerous [llustrations in thesz books arc pictures o
the actual machines as they exist in the best factories, and no
conventional representations conveying but little intelligence to the
practical man.

The aim throughout has been to prepare books that shall appea
at once to the workman. Their preparation has been entrusted t(
writers who know what the workman's difficulties are, what infor
mation he needs to help him in his trade, and this is presented it
such a form that the reader may be attracted by a desire to lean
the Why and Wherefore, instead of being repelled by the supposet
difficulties of science.
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Selections from Cassell & Company's

EDUCATIONAL WORKS.

Algebra, The Elements of. By Prof. WALLACE. 1s.

Animal Painting in Water Colours. With 18
Coloured Plates by FREDERICK TAYLER, and Instructions. ss.

Arithmetic Examples, The Marlborough. 3s.
Arithmetic Rules, The Marlborough. 1s. 6d.

Arithmetic, The Modern School. By GEORGE
Ricks, B.Sc. Lond. In Seven Books. Standards 1. to IV,
paper covers, 2d. each ; cloth, 3d. each. Books for Standards
V. to VII,, paper covers, 3d. each ; cloth, 4d. each. Answers,
6d. ; or the Complete Set in One Vol., with Answers, 2s.

Arithmetical Test Cards, The Modern School.
By GEORGE Ricks, B.Sc. Lond. For all the Standards.
Seven Sets of 4o Cards, od. each set ; or linen lined, 1s. each set.

China Painting. By FLORENCE LEwis, of the Lambeth
School of Art. With 16 Coloured Plates, and a selection of
Wood Engravings. With full Instructions. ss.

Commentary for S8chools. Being the separate Books of
the NEw TESTAMENT COMMENTARY FOR ENGLISH READERS
(Edited by the Lord Bishop of Gloucester and Bristol), in
Small Volumes, suitable for Educational purposes :—

AN INTRODUCTION TO THE NEW TESTAMENT, 2s. 6d.; ST. MAT-
THEW, 3s. 6d. ; ST. MARK, 3s.; ST. LUKE, 3s. 6d. ; ST. JoHN,
3s. 6d.; THE AcTs OF THE APOSTLES, 3s. 6d. ; ROMANS, 2s, 6d. ;
CorinTHIANS I. and II., 3s.; GALATIANS, ErHESIANS, and
PHILIPPIANS, 3s.; CoLOSSIANS, THESSALONIANS, and TIMOTHY,
3s.; Trrus, PuiLemoN, HEBrREws, and JAMES, 3s.; PETER,
Jure, and Joun, 38. ; THE REVELATION, 3s.

Decisive Events in History. By THOMAS ARCHER.
With Sixteen Original Illustrations,  Seventh Edition. Extra
fcap. 4to, cloth, 3s. 6d. ; or, cloth gilt, gilt edges, ss.

*“ These turning-points of history are well told and admirably illus-
wrated.”’—Educational Times.

Decorative Design, The Pringiples of. By
CHRISTOPHER DRESSER, Ph.D. With Two Coloured Plates
and numerous Illustrations. Cheap Edition, Cloth, ss.

Drawing.
How to Draw Elementary Forms, Models, &c. 120
Studies in Freehand. By CHARLEsS Rvan. Price 6d.
How to Draw Floral and Ornamental Forms. 8o Studies. 6d.
How to Draw Landscapes, Trees, Ships, &c. 6e Studies. 6d.
How to Draw Animals, Birds, and Dogs. 64 Studies. 6d.
N.B.—The above Books contain Blank Paper for copying each example.
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Cussell & Company's Educational Works—continued.

Superior Drawing Books,
Printed in Fac-simile by Lithography, are also published, bound in clott
gilt lettered, price ss. each.
How to Draw Fi, e8, 96 Graduated Studies from Life.
How to Draw in ehand. 96 Graduated Studies of Model
How to Draw Floral and Vegetable Forms. 96 Studic
from Nature,
Animal Drawing. A Series of Graduated Drawing Copies. B
A. T. ELwes. With 96 pages of Drawings. Crown 4to, cloth, ss
Encyclopsedic Dictionary, The. A New and Origina
Work of Reference to all the V{Iords in the English Language
with a Full Account of their Origin, Meaning, Pronunciation
and Use. Seven Divisional Volumes now ready, price 10s. 6d
each, o‘:- Double-Divisional Vols. bound in half-morocco
21s. each,

Energy and Motion: A Text-book of Elementary Me
chanics. By W. PAICE, M.A. Tllustrated. 1s. 6d.

Energy in Nature. By WM. LANT CARPENTER, B.A.
B.SC. With 8o lllustrations. Crown 8vo, 3s. 6d.

English Literature, Library of. Edited by Professol
HENRY MORLEY, With Illustrations taken from Original MSS.,

&c. Complete in 5 Vols,, each complete in itself. £z 18s. 6d,
N.B.—Volumes I. and II. of the POPULAR EDUCATOR are now ready,

price 7s. 6d. each.

English Literature, Dictionary of. Being a Compre-
ensive Guide to English Authors and their Works. By W.
DAVENPORT ADAMS. 720 pages, extra fcap. 4to, cloth, 7s. 6d.

English Literature, A First 8ketch of. B

ENRY MORLEY, Professor of English. Literature at University

College, London. gr12 pages, crown 8vo. ZTenth Edition.
Cloth, 7s. €d.

Euclid, Cassell’s. Being the First Six, with the Eleventh
and Twelfth Books of Euclid. 122nd Thousand. Edited by
Prof. WALLACE, M.A. New Edition. Cloth limp, 1s.

Euclid, The First Four Books of, for the use of
Primary 8chools. Paper, 6d. ; cloth, od.

Figure Painting in Water Colours, With 18
Coloured Plates by BLANCHE MACARTHUR and JENNIE
MOORE. 7s. 6d.

Flower Painting in Water Colours. First and
SECOND SERIES, each containing 20 Fac-simile Coloured
Plates by F. E. HuLME, F.L.S,, F.S,A, gs. each,

French-English and English-French Dictionary,
Cassell’s. 186th Thousand. Crown 8vo, 1,150 pages, cloth,
3s. 6d. ; or in superior binding, with leather back, 4s. 6d.
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Cassell & Company’s Educational Works—continued.

French, Cassell’s Lessons in. New and Revised
Edition. 107th Thousand. Revised by Prof, E. RouBAUD,
B.A. Parts L. and IL, cloth, each, 2s. 6d. ; complete, 4s. 6d.
KEY, 15, 6d. )

Galbraith and Haughton’s Scientific Manuals.
By the Rev. Professor GALBRAITH, M.A., and the Rev, Pro-
fessor HAuGHTON, M.D., D.C.L., F.R.S. Cloth, red edges.

Arithmetic. Containing nearly | Hydrostatics. 3s. 6d.

2,000 Examples.  3s. 6d. Astronomy. ss.

Plane Trigonometry. 2s. 6d.
Euclid. Books I, IL. I11, 2s.6d. | Steam Engine. 3s. 6d.

n . IV, V.. VI as 6d. | Aigebra, Part L., cloth, 2s. 6d.
Mathematical Tables. 3s. 6d. Complete, 7s. 6d.
Mechanics. 3s. 6d. Tides and Tidai Currents. New
Optics. 2s. 6d. Edition, with Tidal Cards, 3s.

Geometry, Cassell’s Course of Practical. By
ELLIs A, DAvIDSON,  Consisting of 64 Cards in Packet, em-
bracing the First and Second Grade Studies, In Packet, ss.

German-English and English-German Pronoun-
oing Dictionary, Cassell’s. With an Appendix con-
taining the most important changes introduced into German
Orthography in 1880 by the Prussian Minister of Education.
Crown 8vo, 864 pages. 46th Thousand. Cloth, 3s. 6d.

German Reading, First Lessons in. By FRAULEIN
JAGsT. A Graduated Course of Lessons in Verse and Prose,
with Vocabularies, &c. Illustrated throughout. 1s.

History of England, The Little Folks’. Nintk
Edition, By IsA CRAIG-KNOX. Illustrated. Cloth, 1s, 6d.

Latin-English and English-Latin Dictionary,
Cassell's. With brief Illustrative Quotations, Mythological
Notices, and Short Biographies. 48th Thousand. 3s, 6d.

Marlborough Arithmetic Examples. 3s.

Marlborough Arithmetic Rules. 1s. 6d.

Marlborough French Exercises, The. 7entk Edition,
Enlarged and Revised, By the Rev. G. W, DE LISLE, M.A,
Cloth, 3s. 6d.

Marlborough French Grammar, The. Secventeenti
Edition, Enlarged and Revised. Arranged and Compiled by
the Rev. J. F. BRIGHT, M.A., Master of the Modern School
in Marlborough College. 2s. 6d.

Marlborough German Grammar, The. F#iftk and
Enlarged Edition. Compiled and Arranged by Rev. J. F,
BRIGHT, M.A. Cloth, 3s, 6d.

Mechanics, The Practical Dictionary of. By
EpwARD H, KNIGHT, Civil and Mechanical Engineer, U.S.
Containing 2,000 Drawings of Machinery, Instruments, and
Tools in use by every Profession and Trade, with Comprehen-
sive and TECHNICAL DESCRIPTION of each subject. Four Vols.,

cloth, £4 4s.
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Cassell & Company's Educational Works—continued.

Music, An Elementary Manual of. DBy Hen
LesLIE, Ninth Edition. 1s.

Neutral Tint, A Course of Painting in. With
Plates from Designs by R. P. LEITCH. 4to, cloth, ss.

New Code of Regulations, Handbook of.
Joun F, Moss, Clerk of the Sheffield School Board. 1s.

Painting in Neutral Tint, A Course of. W
Twenty-four Plates by R. P. LEITCH. With full Instructi
to the Pupil. gs.

Phrase and Fable, A Dictionary of. By the R
Dr. BREWER. Giving the Derivation, Source, or Origin
about 20,000 Common Phrases, Allusions, and Words t
have a Tale to Tell. Sixteenth Edition, Enlarged. Clo
3s. 6d. ; half-leather, 4s. 6d.

Physical Science, Intermediate Text-Book
By F. H. BowMAN, D.Sc., &c. Illustrated. 3s. 6d.

Popular Educator, Cassell’s. An ENcycLOP£DIA
LIELEMENTARY AND ADVANCED EDUCATION. Complete
Six Vols., cloth, price ss. each.

Science for All. Complete in Five Vols. Edited
Dr. ROBERT BrowN, M.A,, F.L.S,, &c., assisted by Emin
Scientific Writers. Each containing about 350 Ilustratio
Extra crown 4to, cloth, gs. each.

Sepia Painting, A Course of. With 24 Plates fr
Designs by R. P. LEITCH. 4to, cloth, ss.

Shakspere Reading Book, The. Being Seventeen
Shakspere’s Plays Abridged for the use of Schools and Pu'
Readings. By H. COURTHOPE BOWEN, MLA. Illustrat
Crown 8vo, cloth, 3s.6d.; orin Three separate Books, 1s. ea

Spelling, A Complete Manual of, on the Princif
of Contrast and Comparison. By J. D. MoreLL, LL.
H.M, Inspector of Schools, 78th Thousand. Cloth, 1s.

Technical Educator, Cassell’s. An ENcyCLOPAE
OF TECHNICAL EpucATION. Complete in Four Volur
With Coloured Frontispiece and numerous Illustrations
each Volume. Extra crown 4to, 416 pp., 6s. each;
Two Volumes, half-calf, 31s. 6d.

Tree Painting in Water Colours. By W. H. J. Bo
With 18 Coloured Plates, and valuable Instructions by
Artist.  Oblong crown 4to, cloth, ss.

Water-Colour Painting, A Course of. MNew |
Enlarged Edition. With Twenty-four Coloured Plates fi
Designs by R. P. LEITCH, and ful! Instructions to the Pu
Cloth, ss.
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SELECTIONS FROM VOLUMES
Published by Cassell & Company, Limited.

English History, The chtlonary of. A Record of
the Doings of the Lnglish Nation at Home and Abroad.
Royal 8vo, cloth, 21s.

Italy: from the Fall of Napoleon I. in 1815, to the Death of
Victor Emmanuel (of Savoy), First King of United Italy, in
1878. By JOHN WEBB PROBYN. Demy 8vo, cloth, 7s. 6d.

Humphry Sandwith. A Memoir by his Nephew,
THoMAS HUMPHRY WARD.,  With Portrait.  7s. 6d.

India: the Land and the People. By Sir Jamrs
Cairp, K.C.B., I.R.S. With Map of India, and numerous
I ull-page Illustratlons Revised and Enlarged ba’:tw// Demy
8vo, cloth, ros. 6d.

John Bright, Life and Times of. By \W. RoBERTSON,

. 608 pages. With Portrait. Extra crown 8vo, 7s. 6d.

Oliver Cromwell: The Man and his Mission.
By J. ALLANSON PIcTON, M.P, With Steel Portrait. 7s. 6d.

Constitutional History and Political Develop-
ment of the United States. By SIMON STERNE, of the
New York Bar. ss.

A History of Modern Europe. By C. A. FYFFE,
M.A,, Fellow of University College, Oxford. Vol I. 12s.

Fine-Art Library, The. Edited by JoHN SPARKES,
Principal of thc South Kensington Art Schools. Iach con-
taining about roo Illustrations :—-

The English 8chool of Painting. Artistic Anatomy. By M. Mart-

M. ERNEST CHESNEAU. THIAS DuvaL. Translated by
Translated by L. N. ETHERING- F. E. FENTON. 5s.

TON. With an Introduction by
The Dutch 8chool of Painting.

Prof. RUSKIN. ss.
The Flemish 8chool of Painting. By M. HENRY HAVARD. Trans-
lated by G. PoweLL, (In pre-

By A. J. WauTeRs, Translated
by ELiSE RossEL.  ss. paration.)

A Prospectus post free on application.

Vignettes from Invisible Life. By JouN Bancock.
With numerous Illustrations specially executed. 3s. 6d.

A Ride to Khiva. By the late Col. BURNABY. A'ew and
Cheaper Edition, 1s. 6d.; People’'s Edition, 6d.

The Life of the Rt. Hon. W. E. Gladstone. By
GEORGE BARNETT SMITH. Popular Edition, cloth, 3s. 6d. ;
Jubilee Edition, with Portrait, 1s.

Russia. By D. MACKENZIE WALLACE, M.A. Clheap
Edition, in One Vol., with Two Maps, 1os. 6d.
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Universal History, Cassell’s Illustrated. Vols.
II., & III. With numerous high-class Engravings. os. ez

| Gleanings from Popular Authors. Complete

Two Vols. With Original Illustrations, Price gs. each.

England, Cassell’s History of. With about 2,
Tlustrations. Nine Vols., cloth, gs. each. Or in libr
binding, £4 10s. A Supplementary Volume, bringing
Work down to date, gs.

United States, Cassell’s History of the. Witht
lllustrations and Maps. 1,950 pages. Complete in Th
Vols., cloth, £x 7s.; or in library binding, £1 105,

India, Cassell’s History of. With about 400 Ma
Plans, and Illustrations. Extra crown g4to, Two Vols., clc
18s.; Two Vols. in One, 15s. ; or in library binding, £1.

The Russo-Turkish War, Cassell’s History «
Complete in Two Vols. With about soo Hlustrations.
each. Library binding, Two Vols. in One, 15s.

British Battles on Land and Sea. By JaMEs Gra?
With about 600 Illustrations. Three Vols., cloth, £1 7s.; ot
library binding, £1 10s. Supplementary Volume, embrac
Recent British Battles, cloth, gs.

Old and New London. A Narrative of its History,
People, and its Places. With 1,200 lllustrations, Compl
in Six Vols., gs. each ; or in library binding, £3.

Old and New Edinburgh. By JaMmes GraNt. W
numerous Illustrations, specially cxecuted for the Work, fr
Sketches made on the spot, and Authentic MSS.  Complete
‘Three Volumes, extra crown 4to, cloth, gs. each.

Our Own Country. An Illustrated Geographical a
Historical Description of the Chief Places of Interest in Gr
Britain and Ireland. Complete in Six Volumes, containi
about 1,200 Ilustrations and Six Steel Plates. 7s. 6d. each.

Heroes of Britain in Peace and War. By
HobDER. With 300 Illustrations. Library binding, Two V¢
in One, 10s. 6d.; Popular Edition, complete in Two Vo
ss. each.

NOTICE. —A Classified Catalogue, giving full particulars
Cassell & Company's Publications, ranging in price fr
SIXPENCE TO TWENTY-FIVE GUINEAS, will be sent on regu
post free to any address. It will be found of the grealest convenic
to those who may be selecting books for Special Reading, Educatio
Purposes, or P tation, as it tains particulars of Seve
Hundred Books so arvanged as to show at a glance the various Wo
in this valuable Selection, which can be procured at the prices nan
at all Booksellers’ and at the Bookstalls.
&F Reguest for Catalogue should be addressed to
CASSELL & COMPANY, LimiTED,
Ludgate Hill, London
















