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PREFACE.

HE first edition of this work was published in ;893 and met
T with an unexpected and unprecedented sale, and a second
edition was placed upon the market in less than ten months.
So much new matter was added that it was found necessary to reset
the entire work in smaller type in order to keep the volume within
the price at which it was originally placed on the market. Itis the
first and only book, of which the author has any knowledge, which
illustrates and describes modern American tools for the watchmaker
and jeweler. The ambitious workman is always in search of knowl-
edge, in search of new ideas, new tools and new methods. Patient
study, constart practice and ambition are requisite to become pro-
ficient in any art. The demand for skilled workmen is constantly
increasing, and a person wishing to thoroughly master any art, must
be to a certain extent capable of self instruction. To be proficient in
any art a man must not be deft of touch alone, but the head must
also play its part. The watchmaker is very often called upon, espe-
cially in country towns, not only to clean and repair watches and
clocks, but is often asked to repair music boxes, cameras, fishing
reels, phonographs, musical instruments, electric motors, statuettes,
pipes and a variety of objects too numerous to mention. It would be
next to impossible for the workman to remember all the various
instructions, hints, pointers, formulas and receipts which he has read
or heard about, and the author believes that such persons will wel-
come this volume and that it will prove valuable for reference in
cases of emergency. This, the seventh edition, has been entirely
revised and enlarged, so that it is more complete than former edi-
tions. The escapements have all been re-drawn and the descriptions
ve-written and fwany new departments added.
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ABBOTT'S AMERICAN
WATCHMAKER AND JEWELER

AN ENCYCLOPEDIA FOR THE
HOROLOGIST, JEWELER, GOLD AND SILVERSMITH

ABBEY. To him or his assistant, Graham, is attributed the inven-
tion of the cylinder escapement.

ACCELERATION. This term in horology is applied to the steady
gaining in the rate of a time-keeper, particularly to be observed in
new movements. It is positively known to occur in marine chronom-
eters, watches as a rule not being subjected to tests sufficiently accur:
ate to detect it in them. There is but little doubt that the hairspring
is the cause of acceleration. Old movements after being re-sprung
sometimes accelerate, particulatly if the overcoil is manipulated tou
much when timing. It is claimed that springs increase slightly in
strength for some time after théy are subjected to continuous action,
just as bells are found to alter a little in tone after use. It is saic
that the very best chronometers, after going for a year or two, will
accelerate by about three or four seconds per day. M. Jacob attrib,
utes this acceleration to the fact that chronometers are exposed to
heat oftener and for longer periods than to cold, and since the balance
is thus more frequently contracted it follows that after a time the seg-
ments will not return exactly to their initial positions. There will
therefore be necessarily a slight acceleration of the rate.

Dent believed that it was due to the combination of oxygen of the
air with the steel hairspring, so that after a time its rigidityis increased.

M. Villarceau attributed it to the influence of the escapement and
that it arises from the fact that the impact communicating the impulse
occurs before the balance has arrived at its neutral position.

M. H. Robert attributes it to the fact that the resistance opposed
by oil at the pivots of the escape wheel differs from that at the pivots
of the balance.

Flat springs do not accelerate as much as those having overcoils.
Palladium springs accelerate much less than hardened steel springs.

5



Acids and Salts. 6

ACIDS AND SALTS. Acids and salts of various kinds are em-
ployed by the watchmaker and jeweler, but he should never keep them
in proximity to his tools or work, or he may have cause to regret it some
day. Itis advisable to keep them in glass stoppered bottles.

Acetic Acid of commerce varies considerably in concentration and is
usually of a very light yellow color. Itis very acid in taste and has a
pungent odor by which it is easily distinguished.

Alum is sometimes used for removing the stains left by soldering, in
lieu of acids, and is also used in removing broken screws from brass
plates by immersing the plates in a strong solution of alum and water,
the best results being obtained from a boiling solution, which rapidly
converts the steel into rust, while it does not attack the brass plate.

Ammonia, or spirits of hartshorn, of commerce is sold usually in the
form of a colorless liquid known as aqua ammonia, which is obtained
from the ammonical liquor which results from the distillation of coal
for the manufacture of gas. Its properties are somewhat similar to those
of soda, potash and other alkalies. It will restore the blue color of litmus
paper which has been reddened by acid, and counteracts the strongest
acids.

Ammonia Phosphate of commerce is a salt produced by the exact
saturation of phosphoric acid with ammonia. It is very useful in baths
for producing thick platinum deposits.

Ammonium Sulphide of commerce is a liquid produced by satu-
rating ammonia with sulphuretted hydrogen gas. In combination with
metals it rapidly forms sulphides and is used on silver for producing the
black coating sometimes called oxidation, and is employed for bronzing
metals,

Aqua Regia is a combination of 1 part nitric acid and 2 parts hy-
drochloric acid, and its strength greatly depends upon the degrees of
strength of the two ingredients that form it, which vary in commerce
considerably., Itis the strongest solvent of metals, and the only one
that dissolves gold and platinum.

Boric Acid is employed for decomposing the subsalts deposited
in cyanide electro-baths, and for increasing the whiteness of silver
alloys.

Borax of commerce is usually met with in the form of colorless crys-
tals. When heated by means of the blow-pipe these crystals expand and
finally run into a kind of glass which dissolves nearly all the metallic
oxides, and on this account it is used as a flux in hard soldering.
It is also used in assaying with blow.pipe, for destroying the sub-salts
of silver formed. in electroplating baths, and for restoring the shade
of defective gilding baths.
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Chromic Acid is generally made by a combination of bichromate of
potash and sulphuric acid. It is used to excite galvanic batteries and
as an etching agent.

Hydrochloric Acid of commerce, 1s a mixture of the acid proper
and water. The acid proper is gaseous, and is therefore combined with
water, It isa by-product in the manufacture of soda.

Hydrofluoric Acid will dissolve nearly all the metals except sil
ver, platinum and lead. Itis a dangerous acid to handle unless you are
thoroughly acquainted with its nature. Itis used for etching on cop-
per, enamel and glass.

Magnesia Calcine is calcined carbonate of magnesia, and is sold in
commerce in the form of a white powder.
]

Nitric Acid, or aqua fortis, may be purchased of various colors
and degrees of strength, and it dissolves most of the metals. Asitis
frequently used in a dilute state, it is well to remember that WATER
SHOULD NEVER BE POURED INTO THE ACID, but rather POUR THE
ACID IN A SMALL STREAM INTO THE WATER, stirring meantime with a
glass rod. As this and other acids heat rapidly, it is well to place the
vessel, while mixing, in another vessel filled with water.

Oxalic Acid of commerce is sold in the form of white crystals, and
is very poisonous.

Potassinm Cyanide of commerce is a colorless salt having an
odor somewhat similar to prussic acid. It is highly poisonous. Solu-
tions of potassium cyanide will dissolve metallic silver. It is used in
electro-plating, and the plating is more or less effective, depending on
the power of the solution of the salts to dissolve the cyanides of gold
and silver.

Potassium Bicarbonate of commerce is a colorless crystal. This
salt is soluble in tepid water.

Potassium Bitartrate, or tartar, is a salt produced from the crys-
tals found on the sides of wine casks. When purified it is known as
cream of tartar. It is acid, and is slightly soluble in water.

Potassium Hydroxide, or caustic potash of commerce, is sold in
the form of small sticks, which must be kept in air-tight bottles.

Potassium Nitrate, or saltpetre, is used as a flux, and as it readily
yields a portion of its oxygen to other bodies, it is used extensively for
oxydizing metals.

Potassium Sulphide is a salt which in commerce is sold in brown
masses, and is sometimes called liver of sulphur.
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Prussic Acid, or hydrocyanic acid, should be used with the greatest
care, as it is one of the most deadly substances used in the art. It may
be distinguished by its smell, which resembles that of peach pits, apple
seeds or bitter almonds, and, in fact, these substances owe their peculiar
odor to the presence, in small quantities, of this acid. It is used for de-
composing the alkaline carbonates formed in baths with cyanide of
potassium, and for maintaining the strength of the hypophosphite of
gold In immersion baths.

Sal-Ammoniac, or Chloride of Ammonium, is used as a flux in
soldering tin and other metals in the form of a paste obtained by
combining with sweet oil. It is also used in battery solutions in electro-
plating.

Sodium Bicarbonate corresponds in properties very closely with
potassium bicarbonate. d

Sodium Hydroxide of commerce is solid, in thick white masses,
and is readily converted into carbonate of soda by the absorption of car-
bonic acid from the air.

Sodium Pyrophosphate of commerce is sold in the form of a
white salt which is soluble in water.

Sodium Phosphate of commerce is usually sold in the form of
crystals. Itis used in hot electro-gilding baths.

Sulphuric Acid or oll of vitriol is a colorless, odorless fluid. Like
nitric acid, it should be carefully mixed when diluting with water, and
the same water-bath used.

Tartaric Acid of commerce is usually sold in the form of crystals
and also in the form of a powder. Solutions of this acid should only be
prepared for immediate use, as it readily decomposes.

ADAMS, J. C. Born in Preble, N. Y. October 7,1834. As a
watch factory organizer he has probably had more experlence than any
living man. He served a five years’ apprenticeship
to John H. Atkins, an old Liverpool watchmaker,
then located in Elgin, Ill. After serving his appren-
ticeship he worked for two years as watchmaker
for 1. E. Spalding, Janesville, Wis. He was after-
& wards engaged in business in Elgin, the firm being
¥ known as G. B. & J. C. Adams. The partnership
% was dissolved at the end of two years, and he
3 accepted a position in the watch department of Hoard

& Hoes, Chicago. In 1861 he had the management

J. C. Adams.  of the watch department of W. H. & C. Miller, the
largest jewelry store in Chicago. In 1862 he was appointed time-keeper
for the various roads centering in Chicago. ' In 1864, together with
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Charles S. Moseley and P. S. Bartlett, he organized the Elgin Watch
Company. In 1869, together with Paul Cornell, he organized the Cornell
Watch Company of Grand Crossing, Ill. One of the movements
made by this company bore his name. In 1869, together with Spring-
field capitalists, he organized the Illinois Watch Company. In 1874 he
organized the Adams & Perry Manufacturing Company. In 1883 and
1884 he was in the employ of the Independent Watch Company of
Fredonia, N. Y. In 1885 he organized the Peoria Watch Company of
Peoria, Ill,, and remained with that company until April 14, 1838. He
is the inventor and patentee of the Adams System of Time Records, now
used by nearly every western railroad.

ADENDUM CIRCLE. The distance or space between the pitch
line of a gear and the circle touching the ends of the teeth. .

ADHESION. Adhesion is the mutual attractlon which two bodies
have for one another, as attraction between the liquid and the substance
of the vessel containing it. See also Oi/ and Capillarity. Saunler says
that the working parts in contact with each other should separate by
sliding action and not by a sudden drawing asunder in a direction per-
pendicular to their touching surfaces, as such an action would involve
the inconvenience of variable resistances, depending on the greater or
less adhesion or cohesion of these surfaces. The amount of adhesion
between clean surfaces is difficult to determine and it is impossible to
give its exact proportion. In the case of oiled surfaces the resistance
due to adhesion is proportional to the extent of the surfaces in contact.

ADJUSTING ROD, A device for test.ing the pull of the main-
spring.

ADJUSTMENT. The manipulation of the balance, its spring and
staff, for the purpose of improving the time.keeping qualities of a watch.
Three adjustments are usually employed for this purpose, viz.: positions,
isochronism and compensation.

Adjustment to Positions, The manipulation of the hairspring
and balance so that the movement keeps time in the different positions.
In ordinary watches two positions are taken, viz.; pendant upor vertical
and dial up or horizontal. In the finer grade of work adjustments are
made in the quarters, that is, with 3 up and g up. This adjustment is a
delicate and often a difficult operation and it is only by constant study
and application that the watchmaker can hope for success. Several
excellent essays on this subject are in print, among which may be men-
tioned Modern Horology in Theory and Practice and the Watchmaker's
Hand Book by Claudius Saunier, the Watch Adjuster's Manual by
Charles Edgar Fritts, and Adjustments to Positions, Isochronism and
Compensation, published by G. K. Hazlitt & Co., Chicago. Isochronal
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adjustments are thoroughly reviewed in an excellent little work by
Moritz Immisch entitled Prize Essay on the Balance Spring. The object
of timing or adjusting to positions is to ascertain how far a change of
position modifies the compensation and isochronism and to verify the
poising of the balance. Saunier says the balance can not possibly be
accurately poised in all positions if the pivots and pivot holes are not
perfectly xound, and the poising will be modified with a change of tem-
perature if the two arms do not act identically ; as will be the case when
the metals are not homogeneous, when one or both arms have been
strained owing to want of skill on the part of the workman, or careless
work, etc. After accurately timing in a vertical position with XII. up,
make it go for twelve hours with VI. up and the same number of hours
with I1I. and IX, up. Observe with care both the rates and the ampli-
tude of the arcs and note them down. Assuming the pivots and pivot
holes to be perfectly round and in good condition and that the poising of
the balance has been previously tested with care by the ordinary means,
if the variations in the four positions are slight the poising may be
regarded as satisfactory. As a general, but not invariable rule, a loss in
one position on the rate observed in the inverse position may
be taken to indicate that the weight of the upper part of the
balance is excessive when it does not vibrate through an arc of
360° or the lower part if the arcs of motion exceed this amount. Inde-
pendently of the balance this loss may be occasioned by excessive frica
tion of the pivots due to a too great pressure owing to the caliper being
faulty, or to a distortion of the hairspring causing its center of gravity
to lie out of the axis of the balance. If these influences become at all
considerable their correction will be beyond the power of the isochronal
hairspring, and indeed it will be impossible to counteract them. Changes
in the rate on changing from the vertical to the horizontal position may
also arise from the following causes: 1. The action of the escape wheel,
which is different according as it tends to raise the balance staff or to
force it laterally. 2. A hairspring that starts to one side and so displaces
ita center of gravity, a balance that is not well poised, pivots or pivot
holes that are not perfectly round, faults which although of but little
importance in the vertical position of the balance staff become serious
when it is horizontal. 3. The more marked portion of the friction of
the pivots may take place against substances of different degrees of hard-
ness in the two cases, the end stones being frequently harder than the
jewels, Saunier further says thatsatisfactory results will be obtained in
most cases by employing the following methods, eitherseparately or two
or more together, according to the results of experiments or the rates,
the experience and the judgment of the workman:

1. Flatten slightly the ends of the balance.pivots so as to increase
their radii of friction; when the watch is lying flat the friction will thus
becaome greater,
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2. ‘Let the thickness of the jewel holes be no more than is abso-
lutely necessary. It is sometimes thought sufficient to chamfer the
jewel hole so as to reduce the surface on which friction occurs; but this
does not quite meet the case since an appreciable column of oil is main-
tained against the pivot.

3. Reduce the diameters of the pivots, of course changing the jewel
holes. Theresistance due to friction, when the watch is vertical, increases
rapidly with any increase in the diameters of pivots.

4. Let the hairspring be accurately centered, or it must usually be so
placed that the lateral pull tends to lift the balance when the watch is
hanging vertical. In this and the next succeeding case it would some-
times be advantageous to be able to change the point at which it is fixed,
but this Is seldom possible.

5. Replace the hair-spring by one that is tonger or shorter but of
the same strength; this is with a view to increase or diminish the
lateral pressure in accordance with the explanation given in the last
paragraph.

6. Set the escapement so that the strongest impulse corresponds with
the greatest resistance of the balance.

7. Replace the balance. A balance that is much too heavy renders
the timing for positions impossible.

8. Lastly, when these methods are inapplicable or insufficient there
only remains the very common practice of throwing the balance out of
poise.

Adjustment to Isochronism. The manipulation of the hair-
spring so that the long and short arcs of the balance are performed in the
same time. The theory of isochronism advanced by Dr. Robert Hooke
and more commonly known as Hooke’s law, “as the tension so is the
force,” is an axiom in mechanics with which everybody is, or should be
familiar. This law bhas like nearly all others its exceptlons, and it
is only partially true as applied to hair-springs of watches; otherwise,”’
says Glasgow, “every spring would be isochronous.” Pierre 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 isochronous,
and that this length being secured, if you shorten the spring the great
vibrations wiil be quicker than the small ones; if, on the contrary, it is
lengthened, the small arcs wiil be performed in less time than the great
ones. Glasgow says that a hair-spring of whatever form to be isochron-
ous must satisfy the following conditions: Its center 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 isochron-
ism, that is, its force will increase in proportion to the tension, and it
will not exert any lateral pressure on the pivots. ¥
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Britten says, it should be remembered that if the vibrations of a balance
are to be isochronous the impulse must be delivered in the middle of its
vibration, and that therefore no spring will be satisfactory if the escape.
ment is defective in this particular.

The recognized authorities conflict considerably in their various theo-
ries in regard to adjustment to isochronism and particularly in regard to
the length of spring. Immisch says that mere length has nothing to do
with isochronism. Glasgow contends that length has everything to do
with it, and 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.
Charles Frodsham advanced the theory that every length of spring has
its isochronous point. Britten declares the length is all important; that
a good length of spring for one variety of escapement is entirely unfitted
for another variety, Saunier says that the discussion of the question
whether short springs are preferable to long ones is a mere waste of
time and can result in no
good. In horology every-
thing must be relative.
Whatever be the escape-
ment under considera-
tion, it requires neither
a long nor a short hair-
spring, but one that is
suited to its nature and
mode of action, that is to
say, the lengih must bear
a definite relation to the
extent of the arcs of
vibration, etc.

Owing to the conflict
of opinion it is advisable
that the student read the
various arguments set
forth in the works re-
ferred to above and form
his own conclusions.

ADJUSTMENT
HEATER. The Simp-
son heater, shown in
Fig. 2, will be found
invaluable when adjust-
ing movements to temperature. The variation of temperature in this
heater is one and one-half ‘degrees in twenty-four hours. It Is designed

Fig. 2.
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to be heated by gas, the cost of heating being but about three cents
in twenty-four hours. A small lamp can be used if the watchmaker
has no gas at command,

ALARM. The mechanism attached to a timepiece by which at any
desired time a hammer strikes rapidly on a bell for several seconds.
Generally a weight or spring actuates an escape wheel, to the pallet staff
of which a hammer is fixed to act on a bell. The alarm is usually set off
by a wire attached to the hour wheel lifting a detent that stops the escape
wheel.

ALCOHOL OR BENZINE CUP. The watchmaker should
keep the alcohol and benzine on his bench in a glass
cup having a tight fitting cover to prevent evapora-
tion and contamination with dust. It also adds to
the appearance of his bench and is a great improve-

“m ment over an old saucer and bottle. The cup shown

in Fig. 3 has a ground glass cover or stopper that

fits tightly into the neck of the cup.

Fig. 3. ALCOHOL LAMP. The Clark patent simplicity
lamp shown in Fig. 4 is a favorite one with American watchmakers.
It has nine facets on the font that it may readily be adjusted to any
required position. The wicks of alcohol lamps
should not be too tight, and the interior and
exterior of the font should be kept free from dirt. N
The Clark lamp should not be filled more than
one-third full, The wick should be removed when
it gets so short that it fails to reach well down into
the alcohol.

ALL OR NOTHING PIECE. That partof X
a repeating watch that keeps the quarter rack off Fig. 4.
the snail until the slide in the band of the case is pushed around. The
lifting piece of the hour hammer is kept free from the twelve-toothed
ratchet, while the quarter rack is locked, so that the hours eannot be
struck until the quarter rack has fallen. It is sometimes called the
hooking spring. It was invented by Julien Le Roy.

ALLOY. A compound of two or more metals. It is usual to melt
the less fusible metal first and add the more fusible.

Alloys for Compensation Balances. Breguet used for his
compensation balances the follewing alloy: Silver, two parts, by weight;
copper, two parts; zinc, one part. First melt the silver and throw in the
zinc, reduced to small pieces, stirring the metals and leaving it on the
fire for as short a time as possible to prevent the volatilization of the
latter metal; then pour it out and let it get cold. Melt the copper and
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add the cold alloy, stirring the three together until intimately mixed.
Pour out, cut into pieces, and smelt anew, to obtain a perfect incorpora-
tion. Be careful, however, to leave the alloy as short a time as possible
over the fire, because the zinc dissipates easily. This alloy is hard,
elastic, very ductile, and quickly smelts in the furnace. It does not stand
much hammering,

Alloy for Composition Files. These files, which are frequently
used by watchmakers and other metal workers, for grinding and polish-
ing, and the color of which resembles silver, are composed of 8 parts
copper, 2 parts tin, 1 part zinc, 1 part lead. They are cast in forms and
treated upon the grindstone; the metal is very hard, and therefore worked
with difficulty with the file.

Aluminium Alloys. Aluminium is alloyed with many metals,
but the most important are those with copper. Lange & Sons have
obtained a patent in the United States for an alloy consisting of ninety-
five parts of aluminium and five of copper, which is malleable and is
used for clock springs. An alloy of ten parts of aluminium and ninety
of copper is hard but nevertheless ductile. It takes a high polish and
somewhat resembles gold.

Aluminium Bronze. This alloy contains from 6 to to per ceat.
of aluminium, and is prepared by fusing chemically-pure copper with
aluminium. The standard bronze in use consists of ninety parts of
copper to ten of aluminium. It gives sharp castings, is easier to work
than steel, can be engraved, rolled into sheets or drawn into wire and
when exposed to the air suffers less change than cast iron, steel, silver
or brass. It can be soldered only with an aluminium alloy.

Aluminium Silver. Aluminium and silver are easily alloyed and
these alloys are more easily worked than silver although harder. An
alloy of ninety seven parts aluminium and three of silver is not affected
by ammonium hydrosulphide and has a beautiful color. An alloy of
ninety-five parts of aluminium and five of silver is white, elastic and
hard. It is used for making blades of desert and fruit knives.

Aluminium Gold. One part of aluminium to g9 of gold givesa
metal the color of green gold, very hard but not ductile. An alloy of 5
parts of aluminium to g3 parts of gold gives an alloy that is nearly as
brittle as glass. An alloy of 10 parts of aluminium to go parts of gold
is white, crystalline and brittle. An imitation -of gold, used as a sub-
stitute for the precious metal in cheap jewelry, is made by fusing
together 5 to 714 parts of aluminium, go to 100 parts of copper and 2%
of gold, ; The color of this a]loy resembles gold sO closely as to almdst
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COMPOSITION OF SOME

VALUABLE ALLOYS,

Palladium.

inium.

Alum

| Gold.

Bismuth.

Iron.

Platinum.

|
1
|

Alloy for Tea Pots.__...___.
Alloy for Knives and Forks__
Alloy for Opera Glasses____.
Alloy Resembling Silver.....
Alloy Resembling Silver ___.
Alloy for Gongs and Bells. ..
Alloy, Non-Magnetic_....
Bell Metal, American.__.....
Bell Metal, Japanese.........
Bronze, Japanesetiacaaez: S5
Bronze, Manganese....._._..
Bronze for Medals.__._..__.
Bronze for Ornaments._____.
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Clock Bells, German........
Clock Bells, Swiss ___.......
Clock Bells, French____. S0
Clock Wheels, Black Forest..
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Soft Solder._.....
‘White Metal _______
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Alloys of Gold used by Jewelers.

COLOR. GOLD. | SILVER, | COPPER. [CADMIUM.| STEEL,

TG el R e gt Doy 250
Blue.. 510
Gray.. 800
Gray.. 837
Gray 0o - RS-, 3 S-St e 725
Green,...... 750
Green,...... 750
Green.,. ... 746
Riedz .o 666
Red....... 750
Red, Pale__.

Red, Very. 583
Yellow,. 583
Yellow.. 666
Yellow.... v50
Yellow, 583
Yellow, Pale 666

The alloys of gold should not be overheated and ought to be poured
immediately after the proper fusicn has taken place. The mixture
should be well stirred from time to time after it has commenced to melt,
using a cherry red iron rod, or a stick of very dry poplar or other slow
burning wood. This serves two purposes; it makes the metal
homogeneous in its composition .and it enables the operator to
judge by the feeling when the mass is thoroughly melted. As
long as the metal feels curdy or cloggy, it is unfit to pour; when the
stirred mass feels thin and watery it should be thoroughly agitated,
fresh charcoal added, and allowed to stand for a minute, then poured.

In melting silver alloys, great care and strict atténtion to the points
given below are necessary in order to secure homogeneous alloys of the
proportions required. Especially is this the case when the alloys con-
tain the more readily oxidizable metals, such as zinc aud tin. The
welghing of the metals, the arrangement of themn in the crucible, the
management during the time they are in the furnace, all are points
requiring steady care and constant attention to produce accurate results.

When the alloy consists only of copper and silver they should both
be put in the crucible before putting it in the furnace. Putthe copper
at the bottom and the silver over it, as copper has the highest melting
point and the heat is greatest at the bottom; then, too, the silver being
the heaviest, will descend through the copper when melting, thus produc-
ing a more perfect mixing than when the copper is placed on the top.

Alloys Resembling Silver. The following alloys have a close resem-
blance to silver: Minargent is composed of 100 parts copper; 70 nickel;
1 aluminium and 5 of tungstate of iron. Trabak metal is composed of
tin 87.5, nickel 3.5, antimony’ 5 and bismuth 2. - Warne metal is com-
posed of tin 1o, blsmuth 7, nickel 7 and cokalt 3.



17 Alloys.

Aluminium Zine. = Alloys of aluminium and zinc are very hard
and take a beautiful polish. An alloy of g7 parts of aluminium and 3 of
zinc gives a result that is as white as the pure metal, harder than alu-
minium and very ductile.

Artificial Gold. A metallic alloy, at present very extensively used
in France as a substitute for gold is composed of: Pure copper, 100
parts; zing, or preferably tin, 17 parts; magnesia, 6 parts; sal-ammoniac,
3 to 6 parts; quicklime, 1§ part; tartar of commerce, 9 parts, are mixed
as follows: The copper is first melted, and the magnesia, sal-ammoniac,
lime and tartar are then added separately and by degrees, in the form of
powder; the whole is now briskly stirred for about one-half hour, so as
to mix thoroughly, and then the zinc is added in small grains by throw-
ing it on the surface and stirring until it is entirely fused; the crucible is
then covered and fuslon is maintained for about 35 minutes. The sur-
face is then skimmed and the alloy ready for coating. It has a fine
grain, is malleable, and takes a splendid polish. It does not corrode
readily, and is an excellent substitute for gold for many purposes. When
tarnished, its brilliancy can be restored by a little acidulated water.
If tin be employed Instead of zinc, the alloy will be more brilliant.

Bell Metal. An alloy of copper and tin, in proportions varying
from 66 to 8o per ceat. of copper and the balance of tin.

Brass. An alloy consisting of about 65 parts of copper to 35 parts of
zinc. This proportion is varied according to the uses to which the alloy
is to be put. See Bromzing, Plating and Coloring Metals.

Brittania. This alloy as prepared by Koller consists of 85.72 parts
of tin, 10.34 ofantimony, 0.78 of copper and 2.91 of zinc.

Chrysorine. This alloy is sometimes used for watch cases and parts
of the movement. In color it closely resembles 18 to 20 carat gold. It
does not tarnish when exposed to the air and has a beautiful luster. It
consists of 100 parts of copper and 50 of zinc.

Fictitious Silver. No. 1: Silver, 1 0z.; nickel, 1 0z, 11 dwts.;
copper, 2 oz. 9 dwts.; No. 2, silver 3 oz.; nickel, 1 oz. 11 dwts.; copper,
20z g dwts.; spelter 10 dwts.

Malleable Brass. A malleable brass is obtained by alloying 33
parts of copper and 25 parts zinc; the copper is first thréwn into the pot,
which is covered slightly and fused. As soon as the copper is smelted,
the zinc, to be free from sulphur, is added, and cast into ingots.

Aluminium. Aluminium, or aluminum, is an extremely light, duc-
tile and malleable metal, which is rapidly coming into favor for many
purposes since the great improvements in its manufacture and the conse-
quent reduction in cost. It can now be purchased in quantities at ninety
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cents per pound, which makes it nearly as cheap as copper, when the
great difference in weight of a cubic foot of the two metals is considered,
It is sllvery in appearance, melts at 1,300 degrees F., has a specific
gravity of 2.56 to 2.60, which is one-fourth the weight of silver, does not
oxidize readily and resists most acids and alkalies, but is very easily
attacked by others, especially when heated, or when present during
chemical reactions on other metals, It is three times as ductile as
silver, and has 50 per cent. more tenacity or strength, Much nonsense

has been written about this metal, such as that it is stronger than steel;

will not rust; is not attacked by acids, etc., all of which are untrue. It
is readily attacked by many chlorides, such as common salt (chloride of
sodium), etc., and by some of the organic acids, in which respect it
resembles silver. In regard to the hardening, tempering, etc., of the pure
metal, comparatively little is known at present; but it is probable that
as its use becomes more common it will be greatly improved in these
respects, as has been done with iron. At all events, it will have an
extended trial in the fine arts and mechanics,and it will probably displace

platinum and nickel in the various alloys to some extent, on account of
the great difference in weight. One great difficulty remaining to be over-
comeis that of soldering. At present it can be soldered only by using an
alloy of which aluminium forms a part.

Aluminium forms alloys with many metals; those with copper, silver
and tin are largely employed for many purposes, and their use is rapidly
extending. The most important are those of copper, with which alumin-
ium easily unites. See Aloys.

AMALGAM. A compound of mercury with another metal; as an
amalgam of tin.

AMPLITUDE. The full extent or breadth. As applied to pendu-
lums, the amplitude of a simple oscillation or vibration; properly the dis-
tance from the middle to the extremity of an oscillation, but the term is
usually applied to the distance from one extremity of the swing to the
other.

ANCHOR ESCAPEMENT. This form of escapement is mostly
used in clocks, although in the older watches a variety of lever
escapement was also known as the anchor escapement and was so
called because of the resemblance of the earliest forms to a ship's
anchor. The variety of forms in this escapement are innumerable,
and include both the dead beat and recoil escapements. Likesmnany
other inventions in horology, neither the inventor nor the date of this
escapement is known with certainty, the two claimants for the honor
being Hooke and Clement, the latter a London clockmaker, in the
years 1675 to 1680,

Thé imperfect escapement in"use at the time of the application
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of the pendulum to clocks was the source of much annoyance and
the clockmaker was constantly on the alert for an escapement which
would give to the pendulum a more nearly isochronous vibration,
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with the result of the invention of the anchor escapement, which
remains practically the same at the present day. There are clock-
makers who believe that the recoil escapement is preferable to the
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dead beat escapement, but this is not a fact, if proper care is given
to every detail of both the designing and the execution of the work.

The recoil escapement was made to overcome inequalities in the
motive force, for with this form the pendulum was not so sensitive to
a change in the motive power as in the dead-beat escapement.

There is a form of clock escapement made which is a combination
of the dead-beat and recoil, being dead-beat on one pallet and recoil
on the other, and from this circumstance are known as half dead-
beat or half recoil escapements.
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Fig. 6.

Fig. 6 illustrates a form of anchor escapement which is extensively
used in American watches.

Laying Out the Escapement. In laying out the escapement we
must first determine the size of the escape wheel and also the num-
ber of teeth it is to have. We will make our drawing larger than
the actual work is to be, and then after taking our measurements
direct from the drawing, reduce them to the actual working size. In
Fig. 5 the diameter of the escape wheel is three inches and has thirty
teeth revolving to the right, so that we may mount a seconds hand
upon the arbor.if used with a seconds pendulum.’ Tn making a draft



21 Angular Gearing.

of any kind all the lines should first be drawn in with a lead pencil,
and then those lines which are to remain are to be inked in with any
good waterproof India ink, Higgins’ American drawing ink being an
excellent article for the purpose. With the dividers set with a radius
of one and one-half inches, draw a circle which will represent the diam-
eter of escape wheel. The distance between one tooth and the next
equals three hundred and sixty degrees (the number in a complete
circle) divided by thirty, the number of teeth in our escape wheel, which
will give us twelve degrees as the required distance (360 + 30=12).
The distance between the center of the escape wheel and the center of
the anchor equals the radius of the escape wheel plus four tenths of
this radius, 1% = %, & of 3 = fand § + % = §} = 244 the distance
required. This distance is to be increased or diminished inversely
according as it is desired to reduce or increase the oscillation of the
pendulum. Draw a line joining the center of the anchor and the
center of the escape wheel, which is the center line of the escape-
ment. In laying off the teeth begin at this center line, laying them
off on either side until completed. The back of the teeth are to be
radial, while the front faces are to be of an angle sufficiently great
to give the teeth.-strength, yet not so great that more than the point
of the tooth will at any time strike the pallet. When this angle has
been decided upon, draw a line representing the front face of a tooth
and extend it beyond the center of the escape wheel. Now draw a
circle to which this line will be a tangent, and all that is necessary in
order to draw in the rest of the teeth is to place the straight edge so
as to coincide with the point of a tooth and this circle. From the
center of the anchor draw a circle of a radius equal to half the dis-
tance between the anchor and escape wheel centers. As the anchor
is to embrace eight teeth, we draw lines which are tangent to this
circle, and touching the points of the fourth tooth on each side of the
center one, which will give the pallet faces, if they were left flat. By
curving the faces of the pallet and giving an angle to the front
faces of the teeth, the friction is disengaging, consequently will wear
better. This escapement is sometimes made to embrace ten teeth
instead of eight.

ANGULAR GEARING. Toothed wheelsof irregular outline, used
in transmitting variable motion, as shown in
Fig. 7.

ANGULAR “VELOCITY. The angle
through which an arm turning on its axis is
displaced in a unit of time. It is entirely
independent of the length of this arm. The
approximate ratio of theangular velocites of
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the balance with the cylinder and (pocket) chronometer escapements
in the same unit of time (one-fifth second when there are 18,000
vibrations per hour), is about 270°: 360°. The velocity, properly so
called, is the space transversed in a unit of time by the point under
consideration (which in this case is taken on the circumference of gyra-
tion). For a given angular movement we obtain the aproximate ratio
of the velocities by multiplying each radius by the number of vibrations
in a unit of time.—Saurier.

ANNEALING. The process of heating metals and then manipu-
lating them in order to increase their ductility. Gold, silver, copper and
brass are annealed by heating them to redness and then plunging them
in water, while steel is annealed by heating and then allowing it to cool
slowly.

ANNULAR GEAR. A gear wheel in which the teeth are on the
inside of an annulus or ring, while its pinion works within its pitch
circle, turning in the same direction.

ANODE. The positive pole of an electric current, that pole at
which the current enters; opposed to cathode, the point at which it
departs.

ARBOR. An axle or spindle on which a wheel turns.
ARC. Any given part of the circumference of acircle, or other curve.

ARCOGRAPH. An instrument sometimes used by watchmakers
for drawing a circular arc without the use of a central point.

ARNOLD, JOHN. Born in Cornwall, England, in 1744, and died at
Eltham, England, in 1799. He was the inventor
of the helical form of balance spring and a chrono-
meter escapement. The English Government
awarded him £1,320 for the superiority of his
chronometers in 1799, and his son, who followed
up the successes of his father, was awarded
£1,680 in 1803.

ASSAY. To subject an ore, alloy or metallic
compound to chemical examination in order to
delermine the amount of a particular metal con-
tained in it.

AUXILIARY. See Balance.

John Arnold.

BALANCE. The wheel in a watch, clock or chronometer which is
kept in vibration by means of the escapement and which regulates the
motion of the train. The size and weight of a balance are important
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factors in the time-keeping qualities of a watch, although the dimensions
of a balance are not criteria of the time in which the balance will vibrate.
The balance is to a pocket time-piece what the pendulum is to a clock;
although there are two essential points of difference. The time of vibra.
tion of a pendulum is unaffected by its mass, because every increase in
that direction carries with it a proportional influence of gravity; but if
we add to the mass of the balance we add nothing to the strength of
the hairspring, but add to its load and therefore the vibrations become
slower. Again, a pendulum of a given length, as long as it is kept at
the same distance from the earth’s center, will vibrate in the same time
because the gravity is always the same; but the irregularity in the force
of the hairspring produces a like result in the vibration of the balance.
Britten says there are three factors upon which the time of the vibration
of the balance depends:

1. The weight, or rather the mass, of the balance.*

2. The distance of its center of gyration from the center of motion,
or to speak roughly, the diameter of the balance. From these two
factors the moment of inertia may be deducted.

3. The strength of the hair-spring, or more strictly its power to resist
change of form,

Balances are of two kinds, known as plain or uncut, and cut or com-
pensation. The plain balance is only used in this country on the very
cheapest variety of movements. The compensation balance is used on
the better grades of watches, The plain balance is usually made of brass
or steel, whilethe compensation balance is made of steel and brass com-
bined. Some English makers use gold for plain balances, it being denser
than steel and not liable to rust or become magnetized. The process of
compensation balance making as carried on in our American factories is
as follows: A steel disc, one eighth of an inch thick and five.eighths
of an inch in diameter, is first punched from a sheet of metal. It is then
centered and partially drilled through, the indentation serving as a guide
in the operation to follow. A capsule of pure copper three-fourths of an
inch in diameter is then made, and in the center of this capsule the steel
disc is lightly secured. A ring of brass one-sixteenth of an inch in thicke
ness is then made and placed between the copper capsule and the blank,
and the whole is fused together. It is then faced upon both sides. Itis
then placed in a lathe and cut away in the center until a ring is formed
of steel, which is lined or framed with brass. It then goes into the press,
where two crescents are cut from it, leaving only the inner lining of the
ring and the cross-bar of steel. The burr is then removed and the bal-
ancc is ready to be drilled and tapped for the balance screws. This
method of making balances is known as the ‘“capsule method.”

*The mass of a body is the amount of matter contained in that body, and is the
same irrespective of the distance of the body from the center of the carth, Butits
weight, which is mass X gravity, varies in different latitudes.
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The Expansion and Contraction of Balances., The American
Waltham Watch Company use a simple little contrivance shown
at Fig. g for indicating the expansion and contraction of balances.
It is composed of a steel disc, on one side of which a scale is etched
and opposite the scale a hole is drilled and tapped to receive the
screw that holds the balance. One of the screws of the balance
to be tested is removed and the indicating needle is screwed in its
place. The steel disc is held by means of a pair of sliding tongs
over an alcohol lamp, or can be heated in any other way, and the
expansion will be indicated by
the movement of the needle
on the scale. Figs. 10, 11 and
12 illustrate the expansion and
contraction of balances. With -
an increase of temperature the
rim is bent inward, thus re-
ducing the size of the balance.
This is owing to the fact that
brass expands more than steel,
and in endeavoring to expand
it, bends the rim inward. The
action is, of course, reversed
by lowering the temperature
below normal, Some adjusters
spin a balance close to the
flame of a lamp before using, in order to subject it to a higher
temperature than it is likely to meet in use. The balance is
then placed upon a cold iron plate and afterward tested for
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Fig. 10. Fig. 11. Fig. 12,
Original Position of Rimn. Under Extreme Cold. Under Extreme Heat.

Fig. 9.

poise. The balance is then trued if found necessary, and the
operation is repeated until it is found to be in poise after heating.
Sir G. B. Airy, who'has devoted much time to experiments with
the compensation balance, declares that when heated the loss from



25 Balance.

the weakening of the balance spring is uniformly in proportion
to the increase of the temperature. The compensation balance
.does not meet the temperature error exactly, for with a decrease
of temperature the rims expand a trifle too much and the con-
traction is not sufficient with the increase of temperature, and
for this reason it is only possible to correct an adjustment in a
watch at two points. Watches are usually adjusted at 50° and
85°, unless they are intended for shipment to very hot climates,
when a higher point is selected. Marine chronometers, however,
are usually adjusted at about 45° and ¢o° but where intended
for use on ships in the tropics, due allowance is made and a
higher degree selected. Of course the rule is reversed where
watches or chronometers are adjusted for use in the arctic
regions. Under ordinary circumstances there would be a middle
temperature error, with a steel hairspring, of two seconds in twenty-
four hours.

In temperatures below normal the balance is larger in diameter,
and the arc of vibration is less than it would be in a temperature
above normal when the balance is smaller in diameter and the arc
large, and its time of vibration is also effected by the hairspring so
that it is not possible to predict with certainty the amount of middle
temperature error. Watches are sometimes purposely left fast in
the short arcs in order to lessen the middle temperature error and
thereby take advantage of the above circumstances. Numerous
forms of compensation balances and auxiliaries have been devised
in order to try and counteract for the middle temperature error,
Most of them, however, are utterly valueless. For a fuller descrip-
tion see Compensation Balance.

Sizes and Weights of Balances. The size and weight of the bal-
ance are two very important ¢lements in the timing of a watch and
especially in adjusting to positions. The rules governing the sizes and
weights of balances, says Mr. Chas, Reiss,are of a complex nature,and
though positive, are difficult of application on account of the impracti-
cability of determining the value of the elements on which we have to
base our calculations, These elements are the main-spring or motive
power,the hairspring representing the force of gravity on the pendu-
lum, momentum and friction. The relation of the motive power, or the
mainspring, to the subject under discussion lies first in the necessary
proportion between it and the amount of tension of the spring tobe over-
come, according to extent and number of vibrations aimed at; and, sec-
ond, to that of friction affecting motion of the balance and incidental to
it. Inan 18,000 train the main-spring has to overcome resistance of the
hairspring for 432,000 vibrations daily. The hairspring, having its force
established by the relative force of the motive power, circumscribes the

L 4
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proportions of the mass called balance and is a co-agent for overcoming
friction.

Momentum overcomes some of the elastic force of.the spring and
friction. It is the force of a body in motion and is equal to the weight
of the body multiplied by its velocity. Velocity in a balance is repre-
sented by its circumference, a given pointin which travels a given distance
in a given time. Weight is that contained in its rim. A balance is said
to have more or less momentum, in proportion as it retains force im-
parted to it by impulsion. If a watch has a balance with which it has
been brought to time, and this is changed to one-half the size, it requires
to be four times as heavy, because its weight is then only half the dis-
tance from the center, and any given point in its circumference has only
half the distance to travel. On the other hand, a balance twice the size,
would have one-fourth the weight. In the first case the balance would
have twice as much momentum’as the original one, because if we multi-
ply the weight by the velocity we have a product twice as great. In the
latter case a like operation would give a product half as great as in the
original balance.

It follows that the smaller and heavier a balance the more momentum,
and, vice versa, the less momentum it has, always on condition that the
hairspring controls both equally. Friction, affecting the vibration of
the balance, is that of the pivots on Wwhich it moves and that of the escape,
ment. It is in proportion to the force with which two surfaces are
pressed together and their area. In a balance, weight is synonymous
with pressure. Area is represented by the size of its pivots and the
thickness of the pivot holes. The first, pivot friction, is continuous and
incidental and is overcome by combined forces, the motive power, the
elasticity of the hair-spring, and the momentum of the balance. The
latter, or escapement friction, is intermitting and is overcome by con-
tending forces, the hair-spring and the momentum of the balance on one
side and the motive power on the other.

Having in our power, as shown above, to obtain the desired momen-
tum of the balance by differing relative pressure and diameter, we can
regulate pivot friction within certain limits and distribute the labor of
overcoming it, among the co-operative forces, in such a manner that the
proportions of such distributions shall not be disturbed during their
(forces) increase or decrease. Incidental pivot friction is that caused by
the unlocking on the impulse. The first causes retardation, the latter
acceleration in the motion of the balance, regardless of isochronism. It
is easy to comprehend that a heavy balance would, by its greater mo-
mentum, unlock the escapement with less retardation than a light one;
but, on the other hand, the acccleration by the impulse would be less
also; and with a varying motive power a disturbing element would be
introduced by a change in the relative proportions of these forces, the
momentum of the balance decreasing or increasing faster than the motive
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power, constituting as it does relatively a more variable force. In argu-
ment the reverse of this might be advanced in regard to a balance which
is too light. Without, however, entering further into the subject it is
plain how the rate of a watch under such conditions might be affected
after being apparently adjusted in stationary positions, by being used on
a locomotive or under conditions where external disturbances should
lessen the extent of vibration, and making the contact between the bal-
ance and the escapement of less duration,

The almost universal abandonment of watches with uniform motive
power and the introduction of stem-winders with going barrels, invest
the subject with special interest; and, as stated in the beginning, applying
rules for defining these desirable proportions being impracticable, the
only solution of the problem which remains to us is the study, by obser-
vation of certain symptoms which do exist, to determine that which by
other means cannot be done. During the progress of horology, sim-
ilar difficulties had to be met in every kind of watch which happened to
be in use. The old Verge watch had its balance proportioned thus: that
it could lie inside in the main-spring barrel, and the watch, when set
going without a balance spring, would indicate, by the hand on the dial,
a progress of twenty-seven and one-half minutes during one hour run.
ning. It was said that under these circumstances it would be least
affected by inequalities of the motive power, and the verge would not be
cut by the escape wheel. The balance in the Cylinder watch was to be
sized according to the proportion of the train, each successive wheel to be
one-half smaller than the preceding one, and the balance to be twice the
size of the escape wheel, the weight to be determined by the equal run-
ning of the watch during all the changes of an unequai motive power.
The cutting of the steel pallets in Duplex watches or chronometers is
caused more by too heavy balances than by any other defect in their
parts, It might be well to note the following which is very important
and too often neglected. That is the arrangement of the mainspring
in the barrel so as to avoid coil friction The smallest advantage of the
old Fusee watch was not the facility ot obtaining five turns of the fusee
to three or three and one-half of the mainspring, but being enabled
thereby to arrange the latter around a small arbor in such a manner
that the coils never touched, insuring a smooth motive power and
lessening the chances of breakage beyond estimation.

Poising the Balance. In merely poising a balance for a cheap
movement there is no great difficulty, that is, putting it in equipoise
sufficient for the reasonably good performance of the movement; but to
well and thoroughly poise for a high grade of movement embraces
means and methods not necessary in the first mentioned. In a cheap
balance a high degree of accuracy is not expected, and so the manipula-
tions are, in the poising, simple, provided all the parts are in condition
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to admit of poising. The following will be about all the conditions and
means used generally: In the outset the balance should be in poise
without its staff, and this is approximated before the staff is in by putting
into the staff socket in the arm a piece of true wire, sufficiently tight to
allow of the balance being held onto it with friction, so that the balance
can be trued in the flat by the fingers or with tweezers and remain while
poising on the parallel bars,

Fig. 13 illustrates a form of tweezers made especially for balance
truing. To here explain the parallel bars and give a few points regard-
ing the essential features will be well, and help to make clear some

3 i points that
follow in the
poising instruc.
@ tions. The par-
allel bars for
the use of
watch repairers
with the fol-
lowing features, will be suited to all the cases met
with: The two bars, if made of steel, for instance,
must have only the top edges on which the pivots
rest made of this metal, and the less the better. The
top edge should not be over 13, of an inch thick and
the bar 3/ or 1 inch long. The bars must have the
guides that carry them move them open or shut for
different lengths of staffs, and keep the bars parallel
during the movements. The bars, after they are in
their places and securely fastened to the stand
carrying them, must be ground true, straight and
parallel, ‘'on a flat piece of glass (plate glass is the best), charged
with emery of about 140, with oil sufficient to make a paste. The
glass can be held and used as a file or the bars can be held down
on the glass and moved about with a circular stroke, but if the
stand is large and heavy this operation will not be readily performed
with good results. The main reason for using the glass referred to, is
that it is a ready way of getting a grinding bed comparatively true with-
out labor or preparation. A flat metal surface, marble or stoneware,
would answer well, but would not be so readily had. After the emery
has ground the surface true, clean off all the emery and use fine oil stone
powder or pumice stone; clean, and follow the pumice stone with any
polishing powder, or follow the pumice stone with a large and true bur-
nishing file, keeping the surface wet slightly. In making the parallel
edges, the object is to give them a perfectly straight surface on the edge
and highly polished. These parallels are probably best made of bell
metal, as there is then no danger of their being affected or-accumulating
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magnetism, In the construction of a poising tool, to avoid the use of
iron or steel in its make-up, will be found the most satisfactory, as then
magnetism will not be a disturbing element that it might otherwise be.
The whole tool should be heavy and low and stand on the bench firmly,
and, if a fine one, have two level vials set in its base to level up the par-
allels with, before using. With a level bench and a tool made so that the
feet are parallel to the top edge of the parallels, there will be little
trouble in the balance rolling by gravity while poising. There are a
great variety of poising tools, and any that have the parallel bars true
and straight and parallel to one another, readily adjusted for distance,
and have a firm and heavy stand, will be easily and satisfactorily han.
dled.

Holes for. the staff pivots are not good for poising, although jeweled,
as the pivots must turn in them with a slipping action, whereas they roll
without slip or friction on the parallels. The extreme top edge of the
parallels, if of hard substance, can be made as thin asthe ,}, of an inch
and be all the better, as will be explained. The plain, straight portion of
a conical pivot of a fine staff is frequently not over the ; 3, of an inch
long, and this is the part of the pivot thatis to be exactly concentric
with the center of gravity of the balance

after poising is accomplished and is that S
part of the pivot that rests on the jewel.
Now, from this it will be seen that the

thickness of the parallels can not be great,
not over the ,3, of an inch, as the conical
part of the pivot must not touch the
parallel, and the end of the pivot should be outside of the parallel. Fig.
14 will show the situation and give the best idea. After the balance has
been trued on the wire, then test on the straight edge, and if the balance
rolls freely and gravitates, then lighten it on the down or heavy side.
Or in the event that the balance is rather light it may be advisable to
weight iton the top or light side.

It will take a little practice to poise in this first operation, and there
are several points to look at. Fiist, if the balance is a heavy one,
then in poising take away weight; second, if a plain (not comp.),
remove little bits from the under side of the rim with a graver or
drill; if very light, add weight by drilling in the rim and driving
in several pins and then filing away till poised. The pins must
be put into the rim at such points as are indicated by the circumstances.
Soft solder, if used on the under side of a plain balance, is very easily
handled, but the risk from the soldering fluid is great and requires great
care in cleaning, but when all is well done, it serves a good purpose. As
the wire on which the balance is hung is large in diameter, the poising*
will not be very delicate, but can be made good enough for the end
served. In poising a compensating balance, the balance must be hung

Fig. 14.
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on a wire with each end pointed, turned to points, so that the wire can
be held in the calipers and the balance made true in the round.* Set
the gauge of the calipers so that the rim at the end of one arm shall
exactly coincide with it, and then turn the balance slowly under the
gauge and see if the rim turns truly under it. If not true, bend in or
out with the fingers and try by gauge till the balance will turn true in
the round, then put onto the parallels and poise as in case of the plain
balance, but alter the weight with the screws. The screws that are at
the bottom can be putinto a split chuck and a little turned away from
the under side of the head, or a washert can be put under the head of
the top screw, and this method pursued till a reasonably fine poising is
obtained. Inthese operations all the points rclating should be well con-
sidered, and not make moves without method and good reasons, Care
is required all through poising in all its branches,

These washers are very convenient to use in cases where a balance
requires a little more weight, and where it is not advisable to change the
hairspring or regulator when regulating to time, and in such cases must
be put under the heads of the screws atthe ends of the arms. All things
being equal, in poising a weighted balance, it is better to add a little
weight than to take away any, by turning the heads of screws as de-
scribed, and then the balance is not in any way injured, and if it was all
correct when found, although indications led to other conclusions, by
removing a washer or two the balance would be left as originally, and
much trouble saved in trying to remedy a mistake. Never make any
changes in a fine compensated balance, as, in all probability, it was correct
when made and some injudicious handling is to blame for any defect.
After a balance has been trued in the calipers as described, so that the
rim is truly concentric with the hole in the arm, it should, if it has not
been injured, be virtually in poise, but if it is not, add washers to the
screws on the light side, and by them try to poise it rather than by
lessening the weight. Many times, taking a screw from the heavy side
and putting it in place of one on the light, and the light in place of the
heavy, will tend to an equilibrium, and so far as it does, is so much gain
In removing the screws in a compensating balance, care must be used
when they are replaced, to see that they are left just tight enough to stay
in place, and at the same time not bind the head hard down on the rim.
Screws badly handled in this respact may derange the compensation, also
the poising. All the screws of a balance, except those at the ends of the
arms, and occasionally a pair of the quarters,should be down, heads close
to the rim. The others can be turned in and out at pleasure to
poise, or for timing, as required. With a balance with a screw at each
end of the arm, it is best not to move them in or out in poising, but pro-
ceed as described and leave these screws to be moved in timing afterward,

*See Gauges.
tSee Balanee Screw Waskers,
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if required, as it helps to make that operation easy. When a balance
has four screws they may be moved to do all the pcising and afterward
any pair opposite, or the whole, may be moved in timing and not disturb
the poising. A compensating balance with four screws as described is
much the easiest balance to handle, for by these screws the finer adjust.
ments in poising and timing can be easily performed with greater cer-
tainty than by the old methods as described.

The balance staff is a very important element in poising and its pivots
should be perfect, that is, perfect cylinders, and all that part that touches
the hole jewel should be of equal diameter. By referring to cut of staff,
it will be seen that the end after leaving the cone is straight, of equal dia-
meter throughout its whole length, and this is the shape of all staff pivots
at that point riding in the jewel holes, no matter what curve or shape.nay
be given to the balance of the pivot. When there is a different diameter
in the top and bottom pivots they are each true cylinders and their cylin-
drical diameters are parallel to each other and to the axis of the staff.
When pivots are bent, or out of parallel with the axis of the staff, they are
then not in condition to make poising possible, as a bent pivot will make
a balance gravitate and act as though out of poise in itself, and with a
bent pivot, poising can only be approximately attained. Perfectly cylin-
drical and parallel pivots to a staff are, in poising, a very essential
feature, and without which poising cannot be attained.

When a balance has been poised as indicated and a staff made and fit-
ted with perfectly cylindrical and parallel pivots, proceed as follows, and
there will be little to do to complete the operation: First put the balance
on the staff with a hollow punch and only press it on sufficiently to hold
for preliminary tests; then place on the parallels of the poiser and exam-
ine; should the balance appear in poise, it must not be taken for granted
that it is so, but try a very slight jar given the poising tool, like rubbing
over the frame an old file, which will impart to it a very slight vibra-
tion, and if the balance is actually out, it will roll and then remain with
the heavy sidedown. If ajar, such as a series if taps with a hammer, be
given, the balance will rotate and stop for an instant and then rotate
again, and finally jar off the bars and the operation will not prove any-
thing. The jar is such that the balance raises up bodily, when made
with a file, and then falls down exactly on the same place on the paral-
lels, rather the pivots come to rest always at the same point; and it will
be seen by this means that if any point of the rim is in reality heavier
from gravity, that it will by the momentum imparted, fall, overcoming
the pivot friction, and finally seek a point in a direct line under the stz4.

Repeated movements of a balance while on the parallels are’necessary,
together with great cleanliness of pivots and parallels, to thoroughly
ascertain the true poised condition of the balance. When it is ascertained
that a balance is out of poise or has a heavy side, punch out the staff
and put the balance again on it only turned just one-half way around,
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and repeat as above. In this way a staff can be put into a balance to the
best advantage and such little items all tend to save time and make easy
the whole handling. When the best position is found for the staff, stake
it, and true in the flat, and test again on the bars, and if necessary make
further changes as above to affect a poise. When 1 balance is in poise
and a staff perfectly true as has been described, and well staked on, it
will in the most cases be found poised and nothing further to do. After
putting on the roller it s advisable to test again for position, but it is
generally unnecessary, as this will not disturb the poising only in excep-
tional cases. By staking on the roller too tight the staff may be bent
and may destroy the poise.

Care is necessary in handling a balance for any purpose, not to bend
the rim, soil or corrode the metal and finish, and in making slight altera-
tions in the curve of the rim, not to bend it at the holes and so destroy
its true circle and injure the strength of the metal and change its adjust-
ment,

Any one, after poising a balance and testing the movement carefully
in different positions, will in many cases be aware of quite a change of
rate in the changes of position, and this, at the first thought, would seem
to rather reflect on the accuracy of the poising; but it will be found to
occur at times with the most carefully poised balance, and that the oper-
ation of poising by the parallels does not comprehend the whole, nor the

very nicer requirements. In any case the most careful mechanical pois-
ing must be attended to first, before any operations of a more delicate
nature are attempted. In short, the parallels are to be used in the most
delicate methods, but precede the others, When a movement is placed
in its case and hung up, after poising on the parallels, its rate should be
carefully noted for a given time, then it should be just reversed and set
up with the pendent down, when it wiil be found, as a rule, that after a
trial of same duration as the first, that the rate will not be the same.
Now, when this occurs in a fine movement, it will be advisable to inves-
tigate all the parts which in any way relate to this action. Both hole
jewels must be examined, for finish, thickness and truth of the bore; the
roller jewel and the lever-fork examined; guard pin and its action with
the table; the hairspring and all its relations and connections; the bal-
ance must be removed and then the lever, and the lever placed on the
parallels by its staff pivots, as in the balance, and tested for poising. The
lever should, when placed on the parallels, lay horizontal, like the beam
of pan scales, and not swing or hang either end down; the weight should
be removed from the heavy end, in such an event, untit the lever will lie
as indicated® Levers can be, and are made, that will stand in any position,
like a poised balance, but it will, in most cases, be difficult to poise a lever
for any position other than horizontal, Next, the escape wheel must be
poised so that it will perform as a poised balance, when on the parallels;
lever and escape jewels examined, as in those of the balance staff.
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After all has been so far attended to, and the parts in place again, the
balance must stand, when the mainspring is entirely run down, with its
arms either perpendicular or horizontal; with a movement, whose bal-
ance is near the center, the arms can stand pointing to 6 and 12, or 3
and g, as the most convenient, In requiring balance arms to stand in
some fixed relation to prominent points of the movement, the manipula-
tions are greatly facilitated, though any position the arms may chance
to have will not interfere with the result, but a more expert hand will
be required to get along with ease and certainty,

When all the foregoing operations are attended to, hang up the watch
and take its rate for 12 hours, with main spring fully wound up; then
reverse its position, with main spring wound up, and test for another 12
hours. On examination, if there should be any considerable variation in
the rates in the two positions, say 10 to 15 seconds, then proceed by
changing the screws as follows: in a case where the watch loses when
hanging, it indicates that a screw of the balance nearest to 12 or 6, when
the movement is entirely run down, must be moved a very little in or
out, In this case, it is fair to suppose that the balance is too heavy on
the side nearest 6—that this side gravitates, and, to an extent, acts like
a pendulum. Assuming this to be the case, turn the lower screw in and
the upper one out, where there are four timing screws, and, where not,
washers may be added to the top screws, and the two trials repeated.
After trial, if the result is improved, then the lower screw may be made
a little lighter, but not at the first trial. In the first trials the balance
should not be altered in weight, as indications in these manipulationsare
changed or modified by conditions not yet mentioned.

We will assume that the balance has four screws, and when one is
turned in and the other out, as indicated, and the end attalned, then the
watch is to be placed with the 3 or 9 up, and two trials made, as in the
first, and the same method used, if indications are similar.

When the handling of the balance has been correctly done, the poising
will be found to equalize the rates of the different positions, and the total
performance improved. There are, of course, many chances for mis.
takes, but, with caution, they will do no harm, for if the balance is not
changed other than a change in distribution of its weights, the act of
restoring will be merely setting all the screws back to the position they
were when poised by the parallels, and then proceed again on a new
method, reversing the first; and then gradually it will be made clear
to the most inexperienced, remembering that what held good in
one case may not in another; and that various cases are only com-
passed by trial; and that the indications in the one may be just reversed
in the other. .

Instead of changing the lower screw as previously suggested, another
trial may be made with 12 down, and the rate taken for the same period
as for 6 down, and the two compared. Now if the watch maintains its
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former record it is pretty good evidence that the two rates will be its
rates for these two positions, and then the alterations may be made.
Now, while hanging in this case the watch lost, 6 down, and relatively
gained with 12 up, and a very natural conclusion wonld be, if losing
with 6 down, that the lower side of the balance would be the heaviest,
Such is not the case, but the indications are that the upper side is the
heaviest, and that the screw there should be turned in, and that the lower
one may or may not be changed. Change the top screw first, in this
case, and then make another trial and compare with the first. In all
average cases, after changing the screw, the two rates should be found to
be closer than in the first trial, and this will give a pretty good index of
how to proceed. The philosophy of the action is the same as that of
the action of the musical measuring instrument used to beat music
measures, called a metronome. It has a short pendulum with the rod
prolonged above the shaft that it swings on, and on the upper end of this
rod is a small weight that slides up and down and so regulates the beats.
The position of this weight, being above the center of motion, has a very
great control of the vibrations and controls them for a wide range. For
instance, the whole pendulum of one of these instruments is not over 2
or 2} inches long, but with the little counter weight it can be made to
beat seconds and slower measures, which could not be accomplished
with anything short of a 39 inch pendulum and over. Then move the
screw as already indicated, keeping in mind the compared pendulum
action and its philosophy.

Gravitating on the principle of the simple pendulum is not the whole
problem in moving the screws of the balance, but they embrace the phi-
losophy of the instrument described, and this must be kept in mind in
the handling. In experiments it will be found that a screw moved at
at the top of a balance, will make twice as much changing in the rate as
the same movement of a screw at the bottom. Hang up a watch and
turn out.the lower screw one-half a turn, and the rate will be, for
instance, ten seconds slow in six hours. Now put up just reversed, and
for the next six hours the watch will be found twenty seconds slow or
more. Now, if we proceed in this case on the simple pendulum philos-
ophy, we should make a mistake in moving the screws.

In practice it is not necessary to make only tests for 3 and g, assuming
we have an-open face watch. First regulate on full spring for 6 or eight
hours hanging, and when well regulated place the watch 3 up and then 9
for the same period on full spring, and if any material change in rate is
found in the two last, then move the screw as already indicated, keeping
in mind the compound action and its philosophy.

The handling of the screws in poising on the parallels and in the run-
ning watch are for some indications just reversed, and this is due to the
actlon of lever and hairspring on the balance, with gravity in one case
and to gravity alone in the other. In experimenting with the running
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watch always wind fully up for each trial, and periods of six to eight
hours will be found the most convenient. The upper coils of a main-
spring are much the most equal in power, and consequently give best
results; that is, the fourth, fifth and sixth turns of a spring are much
nearer each other in strength than are the second, third and fourth. Ifa
balance is perfectly poised mechanically, and the whole train in perfect
mechanical poise and condition, then the running watch should not give
any very considerable difference in rate in four positions, but as this is
not the case generally there will be a change of rate in the positions and
the balance can be then manipulated to correct the error, although it in
itself may not be at fault. The reason for not testing a watch for the
whole range of four positions, is that in the pocket, a watch is not sup-
posed to get into a position with the stem down, three and nine are apt
to be up and down, and so with twelve are the three positions used. The
isochronal condition of the hairspring is apt.to make trouble in these
experiments, and this is another reason for using full spring invariably.
The extent of motion of the balance is another element in the mat-
ter, and any movement when in perfect poise for a balance motion of 3¢
of a revolution, each side of the center or dead point (14 revolution)
would not be found in as accurate poise for 3{ of a revolution. A bal-
ance making one and a half revolutions, to a certain-extent, is self-cor-
recting, @s will be seen, and is to be preferred to any other movement,
for if any point of the rim is out of poise then the fault is brought just
opposite in each excursion, and so does not relatively gravitate. Owing
to the fusee, an English lever with a balance making one and one-half
revolutions, is the highest form of movement for accurate adjustments
ofany kind and sois the easiest to realize perfect poising. The Ameri-
can watch is so uniformly well and evenly made by machinery that
poising is in it quite easy, and much more so than in foreign makes. A
Waltham movement that I tested, just as itleft the factory, only changed
its rate about three seconds for the four posltions, This could not be
realized in any medium grade of foreign watch, and I presume thisisnot
a single case, but probably rather a type. The American movement is
made mechanically so near-perfection that the watchmaker will find
poising a balance comparatively easy, and that what he finds to hold good
in one case will be pretty sure in another, due to this mechanical perfec-
tiony Jul. F:

BALANCE ARC. That part of the vibration of a balance in
which it is connected with the train, used only in reference to detached
escapements,

BALANCE BRIDGE OR COCK. The standard that holds the
top pivot of the balauce in an upright position. In some of the old En-
glish and French full plate watches the balance cock -was spread out to
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cover the entire balance, as shown in Fig. 15, and was sometimes artis-
tically wrought and set with precious stones.

BALANCE PROTECTOR. No matter how carefula person may
be, accidents will happen, and the least accident to a compensation bal-
ance gives the workman considerable trouble. The Arrick patent bal-
ance protector, Fig. 16, is intended for guarding balances from contact

Fig. 16.

with turning tools, polishers and the hand rest, while work is being done
upon the pivots. The staff is passed through the hole in the protector,
and held in a wire chuck, and the protector is secured to the arms of

Fig. 17.

the balance by two screws. The Bullock protector, shown in Fig. 17, is
designed to protect the balance and other wheels from heat while draw-
ing the temper from staff or pinion for the purpose of pivoting.

BALANCE SCREW WASHERS. All watch adjusters and ex-
pert repairers time their watches by the balance screws, without un.
pinning the hairspring, and have their regulator in the center. After
the curve of the hairspring is once correct, it should never be let out
or taken up, The portion of the spring where it is pinned is naturally
stiffer and often abruptly bent to make the first coil conform to the stud
and regulator. In unpinning the spring this curve is necessarily altered
and the spring thrown out of the center, the heat and cold adjust-
ment is altered and the isochronal adjustment often entirely destroyed,

‘When a watch has timing or quarter screws and they move in or out
friction tight, you can very soon bring your watch to time without
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molesting the spring and have the regulator in the center, and also poise
by these screws. Very often some of these timing screws are so tight
that there is danger of twisting them off. You will also find that two-
thirds of the watches of the best makes do not have timing screws. In
this case time by a pair of screws opposite the balance arms, If it runs
too slow lighten an opposite pair of screws (just mentioned) in a split
chuck or file In the slot with slotting file. If it runs too fast put a pair
of washers under the screws near the balance arms, or four at right
angles or more under other screws. Whatever may be required in pois-
ing put the required amount on the light side of the balance rim. Do
not tamper with an adjusted hair.spring or any other. If you are
anxious to do your work quickly and accurately, compare your seconds
hand with that of the regulator. See Poising the Balance.

BALANCE SPRING. See Hair Spring.

BALANCE STAFF. The axis or staff to which the balance is
attached. In some makes of watches the balance staff and collet are one
piece, while in others the collet is made of brass and is fitted tightly to the
staff,

Making a New Staff, It is a very common thing for American
workman, especially those who reside in the large cities, to depend
upon the stock of the material dealer for their staffs. The country watch-
maker must, however, rely upon his mechanical ability, and even in the
large cities the workman will have to make his own staffs when repair-
ing many foreign watches. The following instructions relate more
particularly to staffs for American watches, though they may be applied
to foreign watches as well. Before proceeding further I would call the
attention of the trade to a most valuable series of essays on the balance
staff, published in the columns of Zke American Feweler, and would
advise those interested to read them carefully*

The material used should be the best, say Stubb’s steel wire, a little
larger in diameter than the largest part of the staff and a trifle longer
than the old one. A wire that fits the No. 45 hole in the pinion guage
will be about right in the majority of cases.
Put this in the split chuck of your lathe, if you
use an American lathe, and rough it out to the
form shown at B in Fig. 18. If you use a
Swiss or wax-chuck lathe, the form of chuck
shown at 4, Fig. 18, will be found very useful.4 It is made from a piece
of brass rod, threaded to fit the lathe spindle and bored out to receive

* Making and Replacing the Balance Staff, a series of seventeen essays published in
The American Feweler for December, 1883, and January to September, 18S9, inclusive,
The Illustrations are from these essays,

t From the essay by *“Pasadena,” American Feweler March, 1859,
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the work, which is held by set screws, three or four at each end of the
chuck. By the aid of these screws the work may be held very firmly
and yet can easily be brought to center.

After bringing the work to the general form of the staff, in the rough,
remove from the lathe, smear’ with soap and harden by heating to a
cherry red and plunge endswise into 0il. Re-chuckin the lathe, and while
revolving, whiten by applying a No. coo emery buff, so that you may
observe the color while drawing the temper. Now place the roughed-
out blank in the bluing pan, and draw to a deep blue in color.

The heights ‘may be taken from the old staff, providing it was not
faulty and is at hand, but all things considered it is better to make your
measurements and construct the new staff independent of the old one.

: A simple tool, and one which
any watchmaker can make, is
shown in Fig. 19. It will be
found very convenient in taking
! g the measurements of heights of

Fig, 19. a staffy It consists of a hollow
sleeve 4, terminating in a foot B. Through this is screwed the rod C,
terminating jn a pivot D, which is small enough to enter the smallest
jewel. To "ascertain the right height for the roller, place it upon the
foot B, indicated in Fig. 20, and set the pivot of the tool in the foot jewel,
and adjust the screw until the roller is in the ¥ -
proper relation to the lever fork as shown in
the illustration. In Fig. 20 the potence and ¢
plate of the watch are shown in section at 4.
The roller is indicated at ¢ and the lever fork
at d, After the adjusting of the roller is com-
pleted, remove the tool and apply it to the
rough' staff as indicated in Fig 21, at 4, and
the point at which the seat for the roller
should be cut will be shown. In order to
ascertain the height of the balance, apply the
gauge as before and bring the point ¢, s0 as to give sufficient clearance
below the plate as indicated by the dotted lines at B, Fig. 20. Then
apply the gauge to the work as indicated at B, Fig. 21, and turn the

A B
Fig. 21.

Fig. 20.

balance seat at the point indicated. The diameter of the seat for the
roller, balance and hairspring collet, can be taken from the old staff,

1 Otber measuriog instrugfents for this purpose will be found nnder Ganges.
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or gauge the holes with a taper arbor or a round broach. and then take
the size from the broach with calipers.

The diameter of the lower pivot should be taken from the jewel, and
the ordinary pivot gauge, when used in connection with a round pivot
broach, is all that is necessary even

for the finest work. At 4, in Fig. b o
22, is shown the gauge, each divis. 4 T H ﬂ H HEH HHJJ
ion of which corresponds to about . S
esh0o Of an inch. Slip the jewel on

the broach as far as it will go with- e i
out forcing, as shown at B, Fig. 22, © 1

and then take the size of the broach, Fig.-22.

close up to the jewel, by means of the slit in the gauge., This will not

give you the exact size of the jewel hole, but will be just enough smaller
to allow of the proper freedom of the pivot.

The best shape for the pivots is shown in Fig. 23, known as conical

- pivots; the straight portion of the pivot

E : \’b which enters the jewel hole being truly

cylindrical and about ,1, of an inch long.

Fig. 23. Many very good workmen employ but

one graver for performing the entire work, but it is better to have at least’

three, similar in shape to those shown in Fig. 23; 4 for turning the staff

down in the rough, B for under-cutting, and C for turning the conical

shoulders of the pivots. A graver like that shown at D will be found

¢xcellent for beginners and others who find it difficult to hold the

Fig. 24, -

shoulder square and at right angles to the staff £, without leaving a
groove in one or the other. The all important thing is to keep the
gravers sharp. Upon the least sign of their not cutting, stop the work
and sharpen them.

. Next in importance is the position in which the graver is applied to
the work. It must, under all circumstances, cxf and_not scrage. If held
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as shown at 4, Fig. 23, it will cut a clean shaving, while if applied as at
B, it will only scrape. Ifheld as shown at C, the force of the cut will be
in the direction of the hand, as indicated by the arrow. If the point
A should catch from any cause, the hand
Ot; B would yield and no harm would be
Oto_:l done, while if held as at D, the force of
c D the cut would be downward upon the
Cf”%} ( )@ rest, as indicated by the arrow, and the
. rest being unyielding catching would

Fig. 25. be dangerous,

The roughing outshould be done with the point of the graver held as
at C, Fig. 25, and then finished with the edge held diagonally as at 4,
Fig. 26. It is difficult to show the exact position in the cuts, but the idea
is to have the shavings come away in a spiral may be as fine as a hair,
but in perfect coils.

To turn the pivot, hold the graver nearly in line with the axis of the
lathe, as shown at B, Fig 26, and catching a chip at the extreme end
with the back edge of the graver, A B
push forward and at the same time
rolling the graver towards you, %
which will give the pivot the conical
form. Very small pivots can be
turned in this way with perfect Fig. 2.
safety, and very smoothly. Of course, this method of turning will not
give sharp corners; such places as the seat of the roller, balance, etc.,
must be carefully done with the point of the graver.

The pivot and seat of the roller should be left slightly larger than re-
quired, to allow for the grinding and polishing, the amount of which will
depend upon how smoothly the turning is done. The grinding is done

with a slip of bell-metal or soft
A B iron or steel of the shape shown
at 4, Fig. 27. B is a bell-metal

Fig. 27, polisher, and may also be made
of box wood. A4 should be used with oil-stone powder and oil, and &
with crocus and diamantine for polishing.

When the staff is finished from the lower pivot to the seat of the bal-
ance, the upper part should be roughed out nearly to size, then cut off,
reversed in the lathe and the top part finished. It is better to do this in
& wax chuck even ii you use a split chuck, for the lower part of thc staff
is tapered and it is ten chances to one that you could select a split chuck
that wouid hold it true and firm In using a wax chuck the important
point is to get a perfect center. It should be turned out with the graver
at an angle of about 60°, care being taken not to leave a little “tit” in
the center. Before setting the staff in the wax it is necessary to get its
full length as follow: Screw the balance cock in place with both cap
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jewels removed, and if the cock has been vent up or down, or punched to
raise or lower it, see that it is straightened and put right; then with a
degree gauge or calipers take the distance between the outer surfaces of
the hole jewels, and shorten the staff with a file to that length.

A very handy tool can be made by adding a stop-screw to the common

double calipers as shown in Fig.
28. The improvement is that
they can be opened to remove
from ‘the work and closed again
exactly the same,
When fixing the staff in the
Fig. 28. chuck, care should be taken not
to burn the wax. Use a small lamp and heat the chuck until the wax
will just become fluid. The staff should be set in the wax about to the
seat of the balance, the finished pivot resting in the center of the chuck,
and the outer end trued up by the finger and the point of a peg while
the wax is still soft.

Fig. 29 shows it with the staff finished, but, of course, it is not, when
put in the wax. The dotted lines show about the right quantity and
shape of the wax, which must be true and round, or in cooling it will
draw the work out of center. If necessary, when
cool, the wax can be turned true with the graver, é %@:‘
again heated and centered. The turning and finish- ™
ing is to be done as previously described. The seat SN
for the balance should be slightly undercut and fitted to drive on tightly
without riveting. Take the size of the top pivot from its jewel the same
as the lower. The ends of the pivots should be finished as flat as
possible, and the corners slightly rounded. When done, remove from
the wax and boil in alcohol to clean, and it is ready to receive the bal-
ance, which should first be poised as described on page 27.

BANKING. 1. The striking of the lever on the banking pins
2. The striking of the impulse pin on the lever, owing to excessive
vibration. 3. The striking of the pin in the balance, in cylinder and
verge watches, against the banking pin.

BANKING ERROR. When by a sudden circular motion of the
watch in the plane of the balance (a very frequent occurence when
wearing the walch, or winding it up in a careless way), the vibration
increases to more than two full turns, the impulse-pin strikes against the
outside of the fork, which cannot yield, because it is leaning against the
banking-pin or edge. By the violence of this percussion there is some
danger of injury, not only to the ruby-pin, but also to the balance-pivots,
which are often bent or broken by the reaction. But more than that,
all such cases are accompanied by a considerable acceleration of the rate
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of the watch, producing under unfavorable circumstances great dif-
ferences in its time-keeping.

. BANKING PINS. The two pins that limit the motion of the lever
in the lever escapement, are known as banking pins.- The pins used
for limiting the motion of the balance in verge and horizontal escape- -
ments are also known as banking pins. The two pins in the balance
arm whlch limit the motion of the balance spring in pocket chronome-
ters are also known as banking pins,

BANKING SCREWS. 1. The two adjustable screws against
which the lever banks. 2. Inthe chronometer escapement an adjust-
able screw by means of which the amount of locking of the escape
tooth on the locking jewel is limited.

BARLEYS. The small, diamond shaped projections left after
engine turning,

BARLOW, EDWARD. An English clergyman who is said to
have invented the rack striking work for clocks. With this mechan-
ism, which was invented in 1676, clocks could be made to repeat the
hour at will, and this invention was quickly followed by the repeating .
watches of Quare. Both Barlow and Quare applied for patents on
repeating watches and the English government finally decided in
favor of the latter in 1687,

BAR MOVEMENT. A watch movement having no top plate,
but in lieu thereof are bars,
in which the upper pivots
are carried.. This is a fav-
orite form among Swiss
watch manufacturers and is
used largely in Jurgenson
and other fine repeaters. See
Fig. 3o.

BAROME TRIC ER-
ROR. The errorina clock’s
rate due to changes in the
density - of the atmosphere
through which the clock's
pendulum has to move, ..
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BARREL. A cylindrical box made of brass or steel in which the
mainspring of a watch or clock is confined. Barrels are of two gen-
eral types, those with and those without teeth around their circum-
ference. In fuzee watches the power is conveyed to the fuzee by
means of a chain and from the fuzee to the center pinion by means
of the gréat wheel on the fuzee. In American watches the barrel
has teeth cut upon its circumference and gears directly into the cen-
ter pinion. The latter type is generally known as the *“going
barrel.” The going barrel is again divided into two types,one which
has a support at both ends of the arbor and the other which is sup-
ported only at the upper end by the ratchet wheel. This latter form,
which is sometimes termed the overhanging barrel, is generally found
in repeaters and complicated watches, where economy of space is
found desirable, This type of barrel is objectionable even in the
very best makes of watches on account of the undue friction of the
ratchet wheel and its liability to become out of upright by even the
smallest amount of wear. Where this style of barrel is used, the
objections may, to a certain extent, be overcome by the use of a large
ratchet wheel and superior fitting, Of late years steel has taken the
place of brass for barrels very largely, especially among American
makers, but these barrels do not find favor among repairers as it is
very difficult to replace the mainspring hook when broken.

The barrel dates from about 1500, but is not as old as the main-
spring, for there are many examples still in existence of antique
watches which had no barrel proper. This is illustrated by a
watch, which is in the collection of Mr. Carl Marfels, of Berlin. In
this specimen the mainspring is confined within the limits of four
iron pins, and the motion is conveyed to the train through the
medium of the staff and a great wheel.

BARREL ARBOR. The barrel axis, around which the mainspring
coils, M. Rose calls attention to the importance of the proper diame-
ter of barrel arbors, and points out that if the arbor is teo large part
of the elastic reaction of the spring will be wasted, and if too small
there will be a rupture or straining of the spring and therefore a loss
of elastic reaction. It is, then, he says, the thickness of spring that
determines the diameter of the arbor or conversely, and from this it
follows that the diameter is not an arbitrary quantity, since it depends
on the duration of flexible and thickness of spring. See Mainsprings.

BARREL CONTRACTOR. An instrument for contracting dis-
torted mainspring barrels. It consists of a die with a series of tapered
holes and punches to correspond. The barrel being forced into a hole
slightly smaller than its circumference necessarily contracts.
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BARREL HOOK. A hook in the barrel to which the mainspring
1s attached. The mainspring is sometimes attached by means of a hook
on the spring which fit in a hole in the barrel.

BARREL RATCHET. A wheel which is placed on the barrel
arbor and kept from turning backward, when the mainspring is wound,
by a click or dog.

BARTLETT, P. S. The first ladies watch made in America was
turned out by the American Waltham Watch Co., in 1861 and named
the P. S. Bartlett. Previous to this however, in 1859 the company
placed an 18 size movement on the market which was named the P. S.
Bartlett, but its manufacture was discontinued in 18359. Mr. P. S.
Bartlett, after whom these movements were named, was born in Ames.
bury, Mass., September 3, 1834. His first connection with watchmaking
was in 1854, when he went to work for the Boston Watch Co., just after
its removal to Waltham Mass., where he occupied the position of fore-
man of the plate and screw department. In 1864 he visited Chicago,
and together with Messrs. Moseley, Adams and Blake, organized the
National Watch Co., of Chicago, afterwards known as the Elgin
National Watch Co. He subsequently signed a contract with the com-
pany for five years, as foreman of the plate and screw departments. He
was for seven years assistant superintendent and general traveling agent
for the company, during which time he introduced Elgin watches into
Europe, selling them in Moscow, St. Petersburg and other large cities.
He is now in the wholesale and retail watch and jewelry busines in
Elgin.

BASCULE ESCAPEMENT. A form of chronometer escape-
ment in which the detent is mounted on a pivoted axis. It is also
known as the pivoted detent escapement to distinguish it from the
spring detent.

BEAT. The striking of the escape wheel upon the pallet or locking
device. When an escapement is in adjustment, so that the striking of
the escape wheel upon the pallets is even and equal it is sald to be in
beat and when it is not in adjustment it is said to be out of beat. The
latter, says Saunier, may be due to any of the foliowing causes: 1.
One or even both of the pins that secure the hairspring in the collet and
stud are loose. 2. The spring is strained between the two curb pins.
3. The Hairspring stud not having been placed immediately over the
dot on the balance when putting the escapement together.

BEAT BLOCK. A device for obviating the necessity of marking
the balance to see that it is in beat,
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Before taking off the hair spring lay it on the block, turn the balance
so the roller pin hits on the side the arrow points, then turn the table so
that the line comes under the
stud. In replacing the balance
put the stud over the line and it
will then beat the same as before.
By using this tool you also avoid
getting the balance out of true.

BEAT PINS. Small screws
or pins to adjust the position of
the crutch in relation to the pen- Fige 31,
dulum. The pins at the end of the gravity arms that give impulse to
the pendulum in a gravity escapement,

BELL METAL. See dlloys.

BENCH. An excellent arrangement for a watchmaker’s bench s
shown in Fig. 32. This bench was designed by G. W. Laughlin and
is complete in every detail, Benches can be purchased ready made

o

Fig. 32.

from almost any tool and material house in the country but many pre-
fer to make their own or to have them made in order to vary the details
to suit their peculiarities. The bench shown in Fig. 33 is one of the
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latest designs on the market, the points claimed for it belng that it is
raised sufficiently from the ground to allow sweeping under it, its small
§ weight and its' low price,

The frame is made of iron
and is similar to those used
for sewing machines. The
foot wheel is fastened to
the iron frame on the left,
instead of being supported
by uprights from the floor.
It is neat in appearance,
substantial, and reasonable
in price.  From the sketch
(Fig. 32) any first-class
cabinet maker should be
able to make a good bench,
This bench is made of
black walnut, veneered
with French walnut and
. bird’s eye maple. The top
is twenty-one inches wide
by forty-one long, and is
thirty-three inches high.
The drawers on the right
hand side are ten inches
wide. In the center are
two drawers and the left
hand side is entirely boxed
Fig. 33, in. The lathe wheel can

be varied to suit the ideas of the watchmaker, a space of five inches
being left for its reception. For the various styles see Latke Wheels.
Well seasoned black walnut,
cherry or red cedar are the
best woods for a bench. The
little pin attached to the right
hand side of the bench is a
pegwood cutter, an enlarged
view of which is shown in

Fig. 34.

BENZINE. A light oil of petroleum used for cleaning move-
ments. For directions for use see Watck Cleaning.

BERTHOUD, FERDINAND. A Swiss horblogist who was born
-in 1729 and died in 1807.. At the age of nineteen he \vi_sitqd,Paris, never
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afterward leaving it. Saunier says that “his technical training was
matured and perfected by contact with the great masters of that day, of
whom he subsequently became a rival. He was possessed of a very
extensive knowledge and real talent, coupled with indefatigable energy;
these are sufficient to explain and justify his great reputation. Ile pub-
lished ten quarto volumes on horology. Berthoud did much valuable
work, and his name will therefore long remain one of the glories of the
horological art.”

BERTHOUD, LOUIS. A French chronometer maker and nephew
of Ferdinand Berthoud. He died in 1813.

BEVEL GEARS. Gears in which the two wheels working to-
gether stand at an angle to each other.

BEZEL. The grooved metal ring of a watch or clock that holds the
crystal or glassin position. 1

.

BEZEL CHUCK. See Chuck.

BINDING WIRE. Fine malleable iron wire used for binding
articles while soldering, etc.

BITE. To adhere to; to hold fast; as a set screw &ifes a shaft. The
eating of metal by means of acid.

BLOWER. The form of bellows shown in Fig. 35 is known as the
Fletcher Foot-Blower, and is applicable wherever an air-blast is required,
either for the blow-pipe or for operat-
ing melting furnaces. It is simple
compact, portable and powerful ; giv-
ing a steady blast of air at a pres-
sure of ‘from one to -nearly two
pounds to the inch. Two patterns
of this blower are made, one with
the air reservoir on the top of the
bellows, and the other like the one
shown in the illustration. The
latter form is preferable, as it obvi-
ates the risk of injury to the rubber =
reservoir or its net, by dropping tools
or corrosive liquids upon them,

Fig. 35.

BLOW-PIPE. A tapering metal tube, used to direct the flame ~
from a lamp or gas jet upon an article for soldering, annealing and sim-
ilar purposes.
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Fig. 36 shows the automatic hand blow-pipe, which is used in connec-
tion with the foot-blower. Oneof the rubber tubes shown I connected
to the blower and the other to the gas supply. It is self-adjusting, for
both gas and air, requiring
only a slight motion of the
ever, shown under the
thumb, to obtain instantly
any flame from the small-
est to the largest. Fig. 37
shows Poppen’s patent
soldering blow-pipe lamp.
In this lamp the flame is
made by igniting the fumes
of the gasoline contained in the can and forced through the pipe, as
shown in the illustration. Flame can be made any size. Unscrew top
4, fill can one quarter with gasoline (this fluid gives best results), handle
same as an ordinary blow-pipe. Blowing through pipe B causes the fluid

Fig. 36.

Fig. 37,

in C to bubble, which separates the fumes from the fluid and at the same
time forces them through pipe D to outlet E, then light wick at pipe G.
For a small flame insert pin F in outlet E, which is also inserted to
preserve the strength of fluid while the blow pipe is not in use.

BLUESTONE. A soft blue stone, sometimes used for reducing
brass and gold before polishing. It must not be confounded with blue
vitriol, sometimes called bluestone.

BLUING. The changing of the color of steel by heat.

BLUING PAN. A pan used for bluing screws and other small
articles. Itis sometimes very desirable to match the color of screw
heads in a watch. By making the following described simple little tool
you can very readily color your screws straw, purple, or blue, as the
case may require, to match the other screws in the watch. Select a very
large mainspring barrel, drill a hole in the side of the barrel the size of
an ordinary pendulum rod for an American clock, cut a thread in this
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hole and also on the piece of wire and screw it firmly into the main.
spring barrel, cutting off about four or five inches long, to which attach
a neat piece of wood to serve as a handle. Now take out the head and
fill the barrel full of fine marble dust or brass or iron filings and replace
the head in the barrel, after which drill any number and size of holes in
the barrel you wish, to accom-

y modate all sizes of watch
) screws, and the tool is ready
for use. Bluing pans, similar

Fig. 38. to the one shown in Fig. 38,

can be purchased from material dealers, and are similar to the one des-
cribed. After fitting the screw to the proper place in the watch, harden
and temper in the usual manner. Polish out all the scratches or other
marks, and selecting a hole in the tool to fit the screw loosely, press it
down level with the face of the barrel and hold the tool over a small alco-

hol lamp flame until the color
desired appears. Heat upM
slowly and the effect will be —=—

much better than if it is done Fig. 39.

rapidly. First blue the screws without any special regard as to uniformity
of color. Should they prove to be imperfect, take a piece of clean pith
and whiten the surface with rouge, without letting it be too dry. Pieces
when thus prepared, if cleaned and blued with care will assume a very
uniform tint.

Soft screws are sometimes very difficult to blue evenly, but this diffi-
culty may be overcome by finishing them with a slightly soapy bur-
nisher. Bluing shovels, like that shown in Fig. 39, can be purchased
from material dealers.

Pieces that are not flat will rarely assume an even color when placed
in a flat pan. To overcome this dificulty, sprinkle the bottom of the
pan with fine brass filings or marble dust and press the article into it.
The bluing pan or shovel should be thoroughly warmed before the
articles are placed in it, in order that any moisture present may be
dispersed.

BOB. The metal weight at the bottom of the pendulum.

BOILING-OUT PAN. A copper or brass pan, which is also
known under the name
of pickle pan. It is used

= —(7 D
( = -/ for boiling steel pieces in
alcohol to remove shel-
Fig, 40. lac, and for boiling out

jewelry after soldering. For the latter purpose use sulphuric acid one
part, and water fifteen to twenty parts. .
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The pan, which is shown at Fig. 40, will also be found useful for tem-
pering small steel articles by boiling them in oil.

BORT. A collective name for diamonds of inferior quality, espec-
ially such as have a radiating crystalization, so that they will not take a
polish. These are crushed to form diamond powder, or diamond dust,
which s used for cutting and polishing diamonds and other precious
stones; also the steel work of watches, and other instruments of pre-
cision.

BOTTOMING FILE. A file constructed like those shown in

:Dﬁcnﬁm

Fig. 41, s0 that it may be used for filing sinks, or other depressions,
where an ordinary file cannot be brought into use.

BOUCHON. A hard brass tubing sometimes inserted in watch
and clock plates to form pivot holes, and known in America as bushing
wire, See Bushing.

BOW. A device now obsolete, which consisted of a strip of whale-
bone, to both ends of which a cord or gut was attached, and which was
used to rotate a drill or mandril, before the introduction of watchmakers
lathes.

‘The ring of a watch case, by which it is attached to the chain. See
also Pendant Bow

Bow Tightener. See Pendant Bow Tighlener.

BOW COMPASSES. A pair of compasses furnished with a bow
pen for describing circles with ink. Fig.
42 illustrates the ordinary form of these
implements, although they are some-
times used in combination compasses,
which are made to hold steel points and
Fig. 43. pencils as well.

BOW PEN. A metallic rullng pen, similar to the one attached to
the bow compasses.

BOXWOOD. The fine, hard-grained timber of the box, much used
by wood engravers, and in the manufacture of musical and mathemat-
ical instruments, etc. The wood is very free from gritty matter, and on
that account its saw-dust is much used in cleaning jewelry, drying small
polished articles, etc.
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BRASS. An alloy, consisting of about 65 parts of copper to 35 parts
of zinc. This proportion is varied, according to the uses to which the
alloy is to be put.

Brass Polishes. 1. Rottenstone 4 oz., oxalic acid, powdered, 1 oz.;
sweet oil, 114 oz.; turpentine to make a paste; apply with soft leather.
2. Equal parts of sulphur and chalk, made into a paste with vinegar.
Allow to dry on the article and clean with a chamois brush. 3. Dip the
brass in a mixture of 1 oz. alum, 1 pint lye, and polish with tripoli on a
chamois, This gives a brilliant luster.

Magic Polish for Brass. Add to sulphuric acid half its bulk of
bichromate of potash; dilute with an equal weight of water, and apply
well to the brass; rinse it well immediately with water, wipe dry, and
polish with pulverized rotten stone.

Polishing Paste for Brass. Dissolve 15 parts of oxalic acid in 120
parts of boiling water, and add 500 parts of pumice powder, 7 af oil
of turpentine, 60 of soft soap, and 65 of fat oil. The polishing agent is
1 usually mixed with oil, alcohol or water, to prevent scattering, and is
then applied to the polishing tool in the shape of cloth and leather buffs,
polishing files, etc. Either the work or the tool should revolve with
great velocity, in order to secure good results. Many articles are
brought to a high degree of polish, by the use of the burnisher, after
subjecting them to the action of the ordinary polishing agents:

Etching Fluids for Brass. 1. Dissolve 6 parts chlorate of pot-
ash, 100 parts water, add 160 parts water to 16 of fuming nitric acid;
mix the two solutions. 2. One part sulphuric acid, 8 parts water, 3.
One part nitric acid, 8 parts water. 4. Nitric or sulphuric acid 1 part
saturated solution of bichromate of potash 2 parts, water § parts.

Gold Yellow for Brass. A gold like appearance may be given to
brass by the use of a fluid prepared by boiling for about 15 minutes, 4
parts caustic soda, 4 parts milk sugar, and 100 parts water, after which
4 parts of a concentrated solution of sulphate of copper is added with
constant stirring. The mixture is then cooled to 79 degrees C., and the
previously well cleaned articles are for a short time laid into it. When
left in it for some time they will first assume a blueish and then a rain-
bow color.

Lacquers for Brass. 1. Dragon’s blood 40 grains; seed lac 6
ounces; amber and copal, triturated in a mortar, 2 ounces; oriental saf-
fron, 36 grains; alcohol 40 ounces; extract of red sanders }4 dram;
coarsely powdered glass 4 ounces. 2. Gamboge, seed lac, annatto,
dragon’s blood, each 1 ounce; 3% pints alcohol, ¥ ounce saffron.
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Gold Lacquer for Brass. Twenty four grains extract red sanders
wood in water, 60 grains dragon’s blood, 2 ounces amber, 6 ounces
seed luc, 2 ounces gamboge, 36 grains oriental saffron, 36 ounces pure
alcohol, 4 ounces powdered glass, The amber, gamboge, glass, drag-
on’s blood and lac should be thoroughly pounded together. Infuse the
saffron and the sanders wood extract in the alcohol for 24 hours. Pour
this over the other ingredients and strzin,

Lacquer for Brass. Coat it with the following varnish; 1 part
white shellac and g alcohol; 1 shellac, 1 mastic, 7 alcohol ; or 2 sandarac,
8 shellac, 1 Venetian turpentine, 5o alcohol;or, 12 parts sandarac, 6 mas-
tic, 2 elemi, 1 Venetian turpentine, 64 alcohol. Clean the article well,
do not touch with your hands, and warm to about 75° C.

Blackening Brass., Dissolve pure copper in a mixture of nitric
acid and water in the proportion of one part acid to four of water.
Heat the article to be blackened over a Bunsen burner, dip it into
the solution and again heat it over the flame. Upon the first appli-
cation of heat the article will turn green, but this gives place in a
few minutes to a dead black. On account of the heating this method
cannot be employed for articles which have been soldered, although
it is the very best for fine work of every description, Should a pol-
ished surface be preferable to a dead black, a coat of lacquer may be
applied. For rough work, mix lampblack with gold size and apply
with a soft brush. This mixture may be thinned with turpentine.
If a gloss is desired add gold size, if a dull black add more lamp-
black.

BREGUET, ABRAHAM LOUIS., Born in Switzerland in 1747
and died in Paris in 1823, An eminent watchmaker of French par-
entage, and the inventor of the form of hairspring of that name. He
was endowed with great ingenuity and a taste for complicated and
remarkable mechanisms.

BREGUET SPRING. See Hair Spring.

BRIDGE. The standard secured to the plate, by means of screws,
and in which a pivot works.

BROCOT SUSPENSION. The method of suspending a pen.
dulum which is in use on nearly all mantel clocks of modern make, by
means of which they may be regulated from the front of the dial by
means of a key. \

BROACH. A tapering piece of steel used for enlarging holes and
made with from two to eight cutting edges: ; Some broaches are made
without cutting edges and are called polishing broaches. They are used
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for burnishing pivot holes. Care should be taken tosee that the handles
of your broaches are properly fitted so that they revolve truly. To test
this, rest the points against the fingers of one hand and causing the
handle to rotate by two fingers of the other hand and the broach itself
should appear to remain true. Sealing wax answers the purpose as a
handle for broaches very nicely, and the broach can be centeredin it
withoutmuch trouble. [n the latter case hold the broach between two
fingers with the handle downward, and rotate it while close to the flame
of an alcohol lamp, so that the sealing wax forms a regular oblong
handle, It is well to gently draw a piece of iron charged with ronge
along the edges of pivot broaches in order to remove the thread of metal
from them. Minute particles of this thread might otherwise remain in
the holes, and occasion wear of the pivots.

To Broach a Hole Vertically. It is quite a serious thing for
young watchmakers to broach a hole vertically, a hole in a plate, or that
in a barrel, is seldom maintained at right angles to the surface, when
they have occasion to employ a broach. They may be certain of suc-
cess, however, by adopting the following method: Take a cork of a
diameter rather less than that of the barrel or other object operated
upon, and make a hole in the length of the cork through which the
broach can be passed. When the cork has been turned quite true on
its end and edge, the broach is passed through, and used to enlarge the
hole; by pressing against the back of the cork, it is kept against the
barrel, whereby the broach is maintained in a vertical position.

To Solder Broken Broaches. Steel broaches and other tools are
soldered by cleaning well the parts broken, then dipping them into a
solution of sulphate of copper, and soldering them with ordinary soft
solder. The joint is a good one and will stand ordinary hard wear.

BRONZING. See Electro-Plating, Bronzing and Staining.

BUFF. A device for polishing or reducing metals. Emery buffs
are round or square sticks
= On which emery paper or
4 cloth is glued. They are
used to reduce the surfaces
of metal. Fig. 43 illustrates
Fig. 43. a ring buff used for polishing

the inside of rings, preferably used on a polishing lathe. o

BULLSEYE. A thick watch resembling a bull’s eye in shape. A
term usually applied to old fashioned English verge watches.
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BURNISHER. A polished steel or agate tool used for glossing the
the surface of metals. Fig. 44 is a jewel burnisher. The article to be
burnished must be first freed from all scratches, for scratches would
only be brought out more prominently by the use of the burnisher. The
burnisher must be kept highly polished or you cannot expect to do good
work withit. Saunier gives the following method of re-facing a bur-
nisher: Prepare a dry smooth piece of wood, rather thick, and of a
width equal to the length of the burnisher. On this board carefully glue
a piece of emery paper of a fineness corresponding to the degree of cut

Fig, 44.

required, stretching it as even as possible, and turning the edges down
towards the under side. Then lay the board on a firm smooth surface,
resting a weight upon it, and allow it todry. In using thislap,it is fixed
or allowed to rest against the side of the bench; holding the burnisher
with two hands at its extremities, the workman places himself at one end
of the board, and draws the burnisher along it towards him, maintaining
the surface quite flat and applying considerable pressure. On reaching
the nearer end, raise it, and after again placing it on the furthest end,
draw towards the body, and soon. By proceeding in this manner all
risk of rounding the angle will be avoided. *

BUSH. A perforated piece of metal let into a plate to receive the
wear of pivots. See Bouckon.

Bushing Pivot Holes. The bush may be either a turned or tapped
one. A bush is selected as small asthe pivot will admit. Open the
hole in the plate or cock and finish with a rat-tail file, Slightly taper
the end of the bush with a fine file until it will fit the hole. With a knife
score the bush just above the edge of the plate and press it firmly into
the hole. Break off the bush at the point scored and drive it firmly into
place by means of the bushing punch shown at Fig. 45, and you will
find your bush is riveted firmly into the plate. Observe the endshake
your pinion requires and make due allowance when finishing off your
bushing. In bushing a plate, particularly where the bushing must be
large, some watchmakers prefer to use a solid wire and drill the hole
after fitting. If this method is followed be careful to see that you accu-
rately center the work before drilling, and drill first with a small drill,
subsequently passing through a larger one, or open up the hole by
means of a small broach. It is always well to use bushing wire with a
hole smaller than is ultimately required, and enlarging afterwards while
the work is centered in thelathe. A tapped bushing is very firm, but
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unless the threads are well made is apt to be out of center The closing
hole punch shown in Fig. 45 often obviates the use of a bushing, if skill-
fully used.

To Bush a Wheel. A watch will frequently stop because a wheel
is improperly centered in itself, whereby one side will gear too deep, the
other too shallow, into the pinion driven by it. Such a wheel likely is
of the proper size and has good teeth, but the difficulty is its proper cen-
tering, when fitted to its pinion. The following will be found to be an
easy way of correction. Take a piece of lead of about the thickness of a
silver half dollar, and clip and file it round so that it will fit into one of
the larger stepsin a step chuck of an American lathe, Screw it fast into
the lathe, and while revolving, center and drill a hole of about the size
of a winding arbor. Then, with a graver, turnout a recess, the size and
a trifie more than the thickness of the wheel, so that it will fit in exact,
with its teeth touching the outside of the cut. Drive the wheel from its
pinion, and broach out the center, so as to take a bush of sufficient
length, which should be firmly riveted in and filed smooth on the lower
side. Turn a small groove around the outside of the cut in the lead,
crowd in the wheel, with a burnisher set as a gavel. This fixes the
wheel perfectly true on the outside. Now center and drill, leaving a
little to be turned with a fine polished graver, to fit the same pinion.
Rivet on, and your wheel is all right.

BUSHING OR CLOSING HOLE PUNCH, This tool is very
simple in construction and will be found very useful in repairing both
watches and clocks. Fig. 45, Goeggel’s Bushing.and Closing Hole

Punch, consists of two counter-sunk steel punches, with a post in the
lower punch. In using, fasten the lower punch in vise and place the
work over it. They are made in various sizes for watches and clocks
and are quite inexpensive

BUSHING WIRE. Hard brass tubing for bushing the pivot holes
of watches and clocks. This wire is kept by most material houses in the
various sizes applicable to watch and clock work, and is put up in assort-
ed sizes. See Bouchon and Bush.

BUTTING. The touching of the points of the teeth of two wheels
acting with one another. It is caused by the wheels being planted incor-
rectly, or by pinions or wheels of improper size. See Depthing Tool
and Wheels and Pinions. )
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CALIPERS. Compasses having two curved legs or fingers pivoted
together and used either to measure the inside or outside diameter of
bodies. Calipers are divided into two classes,
known as inside and outside calipers. They are
used by watchmakers for determining the diam.
eter of staffs and pinions, for testing the truth of
wheels, etc. Calipers are sometimes used in pois-
ing balances, the balance staff being centered
between the points of the calipers. For this pur-
pose a hole is drilled in the calipers and jewels
are inserted. Thompson’s jeweled calipers, shown
in Fig. 46, have garnet jewels inserted in the
points of the arms at one end, and hardened steel
bearings in
the other.

The Euclid

Double Cal-

ipers are

very useful tools, as they give on

the lower limbs an inside measure- Fig. 47.

ment corresponding to the outside measurement of the upper limbs.
By adding a stop screw to the common double calipers as shown in Fig.
47, 2 very handy tool can be made, as the tool can be opened and
removed froin the work and closed again exactly the same amount.
See Gauge,

CALLET, F. A thorough mechanic and skilled calculator. He
was born at Versailles, France, in 1744, and died in 1798. 4

CARBORUNDUM. A substitute for diamond powder, used in pol.
ishing. Itis made in two grades. No. 1, which is an olive tinted pow-
der, is used by lapidaries for polishing the facets of gems, as itis so
much finer than diamond powder that a superior finish can be secured
on the gem by its use. Itis also much cheaper than diamond powder.
No. 2 is a black powder, which resembles the other in hardness, but is
impure and still cheaper. It has extensive use among metal workers as
an abrasive. Both varieties are used by watchmakers in the various
polishing operations, as substitutes for diamond powder, bort, diaman-
tine, etc.

CAM. A moveable piece of irregular contour, so shaped as to give a
variable motion to another piece pressing against it by sliding or rolling
contact,

CANNON PINION. The pinion to which the minute hand is
attached; so called on account of the pipe attachment resembling a
cannon. ‘
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To Tighten a Cannon Pinion. The cannon pinion is sometimes
too loose upon the center arbor. Grasp the arbor lightly with a pair of
cutting nippers, and by a single turn of the nippers around the arbor,
cut or raise a small thread thereon. .

CAP. The part of the case that covers the movement. A thin metal
cover used in some English, Swiss and German watches to cover the
movement and attached by studs and a sliding bar or spring.

CAPILLARY ATTRACTION AND REPULSION. The
cause which determines the ascent or descent of certain fluids when in
contact with certain solid substances. See Ol Sinks.

CAPPED JEWEL. A jewel having an end stone as shown in
Fig. 48. In all movements, except the
cheapest grades, capped jewels are used 7
for the balance pivots, 7

CARDINAL POINTS. The four
intersections of the horizon with the Fig. 48,
meridian and the prime vertical circle, or North and South, East
and West.

CARON, PETER AUGUSTUS. A celebrated French watch-
maker, born January 25th, 1732, in the Rue St. Denis, Paris. When
nineteen years of age he invented an escapement known in France as the
double virgule, which may be said to be a combination of the cylinder
and duplex. He disputed in 1753, with Lepaute, the honor of being the
inventor, and was awarded the merit of the discovery by the Academy
of Sciences, on February 24,1754. At theage of twenty-five he obtained
a situation at court, under Louis XV., and received permission, on giv-
iug up the watch business, to style himself Monsieur de Beaumar, and
under this name he wrote and published two well known works, the
 Barber of Seville” and “ The Marriage of Figaro.”

CARRIER. A piece fastened to work in a lathe and connecting it
with the face plate. A dog.

CASE-HARDENING. A process of carbonizing the surface of

wrought iron, thus converting it into steel. See Steel,

CASE SPRINGS. The springs in a watch case that cause it to fly
open and that keep it in position when closed.
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Adjustable Case Springs. The Harstrom Adjustable Case Spring
shown in Fig. 49 is easily fitted and is said to be a very excellent spring.
The holder should be fitted securely in a vice and with a three cornered
file cut down near the rear end on
the back of the spring enough to rest
a punch against; then with a tap of
a hammer you can move it back-

Fig, 49. wards. To move it forward, rest
your punch against the end of the spring. Thus you can easily make
it correspond with the screw hole in the case. Then, near to where it
protrudes from the holder, bend the spring upward enough to make the
front end level with the upper edge of holder, or move, if greater
strength is required.

CASE SPRING VISE. The Boss case spring tool, shown in Fig.
50, is a very handy little tool. By turning
the thumb screw you can bind the spring
in the desired position and hold it there

. until the screw is inserted in its proper

o place. It will be found much handier than
the ordinary plyer-shaped tools designed for the same purpose. Another
form of case spring vise is Hall’s, which is shown in Fig. 51.

CASE STAKE. A stake made with a large head, generally of
steel, and used for taking out dents from battered watch cases. The

Fig. 52.
stake shown in Fig. 52 is of the reversible pattern, and while using is
held in the vise.

CEMENTS. Cement for use in the lathe can be purchased from
material dealers generally, at so small a cost that it will scarcely pay the
watchmaker to bother in preparing it, but circumstances often arise
where a cement is desirable for other purposes, such as attaching metal
letters to show windows; etc., ‘and the following recipes will be found
very reliable:
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Acid-Proof Cement. A cement that resists acid is made by melting
one part India rubber with two parts linseed oil; add sufficient white
bolus for consistency. Neither muriatic nor nitric acid attack it; it
softens a little in heat, and its surface does not dry easily; which is pro.
duced by adding one-fifth part litharge.

Alabaster Cement. Melt alum and dip the fractured faces into it;
then put them together as quickly as possible. Remove the exuding
mass with a knife.

Alabaster Cement. 1. Finely powdered plaster of Paris made intoa
paste with water. 2. Melt rosin, or equal parts of yellow rosinand bees-
wax, then stir in halfas much finely powdered plaster of Paris. The
first is used to join and to fit together pieces of Alabaster or marble, or
to mend broken plaster figures. The second is to join alabaster, marble,
and other similar substances that will bear heating.

Amber Cement., For cementing amber and meerschaum, make a
thick cream of finely powdered quicklime and white of egg, apply witha
camel’s hair brush, dry slowly and scrape off surplus after thoroughly
dry.

Acid Proof Cement. Form a paste of powdered glass and a concen-
trated solution of silicate of soda. .

Cement for Thin Metal Sheets. Cut isinglass into small pieces
and dissolve in a little water at a moderate heat; add a small quantity of
nitric acid, the quantity being determined by experiment; with too much
acid the cement dries too slowly, while with too little it does not adhere
well.

Cement for Glass and Brass., Melt together 1 part of wax and 5
parts of resin, and after melting stir in 1 part of burned ochre and 14 part
plaster of Paris. This is a good cement for attaching letters to windows.
Apply warm to heated surfaces where possible,

Cement for Glass and Metals., The following cement is used
extensively for fastening brass and enamel letters to show windows: Mix
together boiled linseed oil, 5 parts; copal varnish, 15 parts; glue, 5 parts;
and oil of turpentine, 5 parts; add to this solution 10 parts of slaked lime
and thoroughly incorporated.

Cement for Knife and Fork Handles. Melt 2 parts of pitch and stir
in 1 part of sand or brick dust; fill the cavity in the handle with the
mixture, and push in the previously heated tang,
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Cement for Paper and Metals, Dissolve dextrine in water, adding
20 parts of glycerine and 10 parts of glucose. Coat the paper with this
mixture, and, after rubbing the metal with a piece of onion, attach the
paper.

Engravers' Cement. Resin, 1 part; brick dust, 1 part; mix with
heat.

Fireproof Cement. A very tenaciousand fireproof cement for metals
is said tc be made by mixing pulverized asbestos with waterglass, to be
had in any drug store; it is said to be steam tight, and resist any tem-
perature,

Glass and Metal Cement. Brass letters, and other articles of a like
nature, may be securely fastened on glass windows with the following:
Litharge. 2 parts; white lead, 1 part; boiled linseed oil, 3 parts; gum
copal, 1 part. MIix just before using; this forms a quickly drying and
secure cement.

Gold and Silver Colored Cement. For filling hollow gold and silver
articles. Consists of o parts shellac, 10 parts Venetian turpentine, and
3 parts gold bronze or silver brE)nze, as the case may be. The shellac is
melted first, the turpentine is then added, and finally, with constant
stirring the gold or silver bronze.

Jewelers' Cement, Put in a bettle 2 ounces of isinglass and 1 ounce
of the best gum Arabic, cover them with proof spirits, cork loosely and
place the bottle in a vessel of water,and boil it until 2 thorough solution
is effected; then strain for use.

Metal Cement. Take plaster of raris, and mix it to proper thickness
by using water containing about one-fourth of gum Arabic. This cement
is excellent for metal exposed to contact with alcohol, and for cementing
metal to glass.

Strong Cement. Mix some finely powdered rice with cold water, so
us to form a soft paste. Add boiling water, and finally boil the mixture
in a pan for one or two minutes. A strong cement is thus obtained, of a
white color, which can be used for many purposes.

Transparent Cement. A good transparent cement for fastening
watch glasses, etc., in bezels or settings, is made by dissolving 7 parts of
pure gum Arabic and 3 parts crystalized sugar in distilled 'water; the
bottle containing the mixture should be placed in a utensil of hot water
until the mixture assumes the consistency of syrup, and then left well
corked for use,
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Watchmakers' Cement or Wax, Eight ounces of gum shellac,
heated and thoroughly incorporated with one-half ounce of ultramarine,
makes the strongest and best wax for use on cement brasses and chucks,

CEMENT BRASSES. Attachments to a lathe fo which work is
fixed by means of cement. These brasses are made in various shapes and
sizes by tool manufacturers, or the ingenious watchmaker can make them
for himself during his leisure hours, Figs. 53 and 54. The watchmaker
should have a supply of these brasses, varying in sizes from one inch to

the smallest size necessary. Should you have a watch
that has a broken cock or foot jewel, and among your
supply you are unable to find one that fits both the
- pivot and the recess in the cock or potence, you will
Fig. 53. find these brasses very useful. If you find a jewel
- that fits the pivot nicely, and the brass setting is too large, select a cement
brass that is just a trifle smaller than the recess in the potance, cement
the jewel to the end of the brass, with the flat side of the jewel to the
brass, so that if the brass setting of the jewel
is too thick it can be turned to exact thickness
of the old setting at the same time that the
diameter is turned. Bring to an exact center
by the hole in the jewel, by means of a pegwood, and as soon as the
cement is hard, turn down with a sharp graver. With a full set of these
brasses a watchmaker can utilize odds and ends, without waiting to send
for new jewels. The above is only onc of many uses to which these
brasses may be brought.

CENTERS, Pins used in conjunction with a lathe for holding work
while revolving. They are usually made of steel. They are of two
forms, known as male and female centers.

Female Centers. These very useful adjuncts to a lathe are easily
made by any watchmaker. He should have at least six pairs, the largest
being one-fourth of an inch in diameter, which will accommodate as large
a piece as you will wish to handle on your watch lathe, viz: winding ar-
bors for clocks. These female centers are made from steel tapers, the
same as male centers are made, but instead of turning the end to asharp
point they arz countersunk, Fig. 55. First place the taper in a chuck and
turn off the outside and end true; drill a small hole in the center of the
taper, while the lathe is running, and deep enough so the countersink will
not reach the bottom of the hole, or one-eighth of an inch deeper than the
counter-sink, Harden the end only, and after tempering polish off the
bluing. After you have made all the sizes you require, test all of them
in your lathe to makesure they did not get out of true in tempering.
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These female centers are very useful for holding or suspending any
article in the lathe that is too large to be held in the split chucks. Pivots
of clocks can be turned and polished very quickly and accurately in these
centers.

Almost any kind of large work can be done on a medium sized watch-
maker’s lathe by fitting a face plate to the lathe, say one and three-
fourths inches in diameter, with four slots,
and fitted to a chuck with a taper hole to

B receive both male and female centers.
igieoy The taper hole being standard, the centers
are interchangeable, and with two styles of dogs, almost any kind of
large clock work can readily be handled.

These centers prove very useful for many odd jobs. As an example:
It is a very common occurrence to hear an American clock beat irregu-
larly, caused by the ’scape being out of round. Select a pair of female
centers that will admit the ends of the pivots of the 'scape wheel snugly;
place one center in the taper chuck and the other in the tail stock spindle,
and suspend the 'scape pinion in these centers; fasten on a dog, run the
lathe at a high speed and hold a fine, sharp file so it will touch the teeth
of the 'scape wheel slightly, and in a moment the wheel will be perfectly
round, after which sharpen up the teeth that are too thick.

Male Centers, Conically pointed pins; the opposite of female cen-
ters.

CENTERING ATTACHMENT. The Potter patent self-center-
ing lathe attachment, shown in Fig. 56, will be found useful in rapidly
bringing work to an accurate center, when pivoting, staffing, etc.

The attachment, which may be fitted to any make of American lathe,
consists primarily of the side bed pieces /£ and D, the upright plate 4,
and the reversible anti-friction sliding jaws o 0 0. The upright plate 4
is attached to the slide D in such a way that it may be readily raised or
lowered or adjusted in any other direction at pleasure; and may be set
with either side facing the lathe head. Of the reversible sliding jaws
0 0 0, which are made of Phosphor Bronze Anti.Friction Metal, not re-
quiring the use of oil, four sets of three in a set, are furnished with each
attachment. These are of different form, as shown at X VO U, to
adapt them to the various kinds of watch work, and are operated in
radial grooves in the upright plate A, by means of the rotating lever L,
which moves the three jaws in and out, to and from thé center, or opens
and closes them in perfect unison. One set of jaws may be withdrawn
and another set substituted therefor in a few moments. With each
change of the jaws, however, the plate A requires readjustment; but
this, too, may be done in a few moments, as follows: Having previously
provided yourself with a bit of stralght wire or small steel rod, turned to
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run perfectly true in your lathe, and having fastened this in the chuck
in your lathe, loosen the nuts C C so as to give freedom of movement
to the plate 4; then bring the attachment to proper position on the lathe
bed and fasten it there; after
which move the sliding jaws in-
ward until they bind lightly on
the bit of straight wire held in
your chuck, and in this position
again tighten the nuts C C.
Once adjusted to accurate center
in this way no further adjust-
ment, whatever the size of work
to be operated upon, is required,
until another change of jaws.

In use, the end of the work to
be operated upon is placed in an
accurate split chuck in the lathe
and the chuck tightened on it just
sufficiently to hold it in place and
to rotate it, the other end being
supported in the centered bear-
ing formed by the jaws 0oo. In
this position the jaws o0 0 o, or
such others as for the time may be in use, may be opened and closed
as often as desired, and each time will instantly bring the work again
to accurate center. See Kest.

CENTERING INDICATOR. Incentering quickly onthe universal
head, this tool is indispensible. It will also be found valuable for other
work. It is not kept by dealers, and will have to be made by the watch-
maker. The body of the indica-
tor is made of sheet brass, and C
should be about five inches long
by two inches in width at the
larger end. The shank C, is

made to fit in rest holder, and is F \ e
either riveted or soldered to the & __[TT_ 2 e
. s ouls] ) 2

body; R is steel or copper wire

sharpened to a fine point, and

balances on a pivotat 1; Bisa 0
clock hand pivoted to the body Fig. 57.

at 1; 2 and 2 are pivot joints only, and do not go through the body ; fig. C
will perhaps give a better idea of the end 2. To center with this tool,
unscrew your rest and remove it, then place the shaft C, fig. 57, in rest
holder and adjust it'till the needle point 72 touches the top of hole as
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shown in Fig. 2. The index hand will then note the variations as the
head revolves. If too low, the hand will point above center and if
high, vice versa.

CENTERING TOOL. A small, steel point used for accurately
locating centers. Fig. 58 illustrates the O. K. centering tool, which is
made to fit any tailstock spindle or taper chuck. This tool is inserted
in the tailstock spindle and the work to be centered is placed ina

chuck or is cemented up.on a cement plate. The work is now rotated
and the tailstock advanced and the tool will cut an exact center, pro-
viding the work in the headstock is central. This tool will be found
useful in determining centers when pivoting staffs and in drilling
generally.

CENTER PUNCH. A punch having a sharp point, for marking

Fig. 59.

the center of work swung in a lathe, so that it may readily be removed
and replaced without the trouble of finding the center each time.

CENTER OF GRAVITY. That point of a body about which all
its parts are balanced, or which, being supported, the whole body
will remain at rest, though acted upon by gravity. Webster.

CENTER OF GYRATION. That point in a body rotating around
an axis, at which, if a given force were applied, it would produce the
same angular velocity in a given time as it would if the whole mass
of the body were collected at that point. Webster.

CENTER OF MOTION. That point which remains at rest while
all the other parts of a body revolve around it.

CENTER OF OSCILLATION. That point at which, if the whole
matter of asuspended body were collected, the time of oscillation would
be the same. In a long cone suspended from its apex, the center of
oscillation is at four-fifths of its length from.the apex, and in a bar
suspended from one end is at two-thirds of its length. " A pendulum
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being irregular in form it is difficult to calculate its center of oscillation
but it always is situated below its center of gravity. The following
explanation may aid the student in locating the center of oscillation:

All know that a simple theoretical pendulum is one where the whole
weight is centered in one point, suspended from, and oscillating about,
a fixed point, or center of suspension. A sphere of platinum, suspended
by a fibre of silk, would probably be the nearest approximation to a per-
fectly simple pendulum, A compound pendulum is one where the
weight is not centered in or about one point, but is extended for some
distance up and down the rod. Suppose there are fixed upon the fibre,
at equal distances, three platinum balls. From the well known fact that
a short pendulum vibrates quicker than a long one, the upper or short
pendulum will erdeavor to make its vibrations in the short time due to
its length as a pendulum. The middle ball will endeavor to make its
oscillations in the time its length of support demands, and the lower and
longest will attempt the slow and regular vibrations of the long pendu-
lum. Suppose that these three balls, representing three pendulums of
three different lengths, be drawn aside from the perpendicular 5° and
suddenly released, the consequence will be that the upper one will have
made its full excursion by the time the middle one has descended to the
perpendicular, and before the lower one has arrived there; the momentum
of the three balls bending the fibre of silk into such a curve as will accom-
modate the tendencies of the three balls.

If the silk fibre be replaced by an inflexible rod, and the now rigid com-
pound pendulum be drawn aside as before, the upper ball will endeavor
to hasten forward the middle one to its own speed, and the middle and
upper one will both combine to hasten the lower one. So also, the mid-
dle one will retard somewhat the rapidity of the upper one, and the slow-
moving lower one will do its best to restrain the haste of both those above
it, and the consequence of all these tendencies will be that the lower one
will be somewhat accelerated, and the upper one proportionally retarded;
the whole assuming a vibration which is the mean (middle ball) of the
two extremes, provided the three masses are equal, thus compelling the
whole to oscillate as a pendulum whose length is that of the middle ball.
But if the lower ball be the largest, its control over those parts above it
will be in proportion to its mass and the time of its vibrations will nearly
coincide with those made by its center of gravity.

Suppose, again, the largest amount of matter to be in the upper ball.
then will its influence be more potent toward forcing the lower and
longer pendulums to accommodate their rate to that of the upper one,
and their vibrations will be thereby increased to a degree which will ap-
proximate the normal vibrations of that short pendulum. Thus you see
the difficulty of exactly fixing upon the exact length of any compound
pendulum by simple computation. Every particle of matter from the
top of the rod to the lower extremity, which differs in its-distance from
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the point of suspension, has its own time for making an oscillation
about that polnt; and the greater the number of particles that have an
equal distance from that point, the greater influence they possess in de-
termining the time of vibration; in this case, as in republics, the mass
rules. To obviate these counteracting influences that are constantly at
work in the oscillations of the compound pendulum, it becomes neces-
sary to concentrate, as far as possible, all the matter of the pendulum at
such a distance from the point of suspension as will produce the number
of vibrations desired, and this center of oscillation will always fall in a
line produced through the center of gravity and the point of suspension,
and will always be below the center of gravity.

The center of oscillation and suspension are convertible points; that
is, a pendulum inverted and suspended from the center of oscillatlon will
vibrate in the same time. Huygens, the Dutch scientist, discovered this
remarkable fact, and it affords a ready means of determining experi-
mentally the length of a compound pendulum, which may be measured
by means of a platinum or lead ball, suspended by a fibre of silk from
the same point, and In front of the pendulum to be measured, and of
such a length that the vibrations will perfectly coincide in time. The
distance from the point of suspension to the center of the ball (which is
also the center of oscillation) is nearly the length of that compound pen-
dulum.

It should be remembered that the center of oscillation is the point to be
affected in all compensations for temperature. The difficulty in produc-
ing a perfect compensation pendulum is to harmonize and bring into
coincidence the antagonistic tendencies of the center of gravity, center
of oscillation and moment of inertia, all of which are properties and
peculiarities of compound pendulums, and must be taken into considera-
tion by those who are experimenting upon them with the expectation of
producing any arrangement in advance of those in use at present.

CENTER SECONDS. See Sweep Seconds.

CENTER WHEEL. The wheel whose staff carries the minute
hand.

CENTER STAFF. The arbor, attached to the center wheel, which
carries the minute hand.

CENTRIFUGAL FORCE. The tendency that revolving bodies
have to fly from the center. It is said that when balances are made
too thin in the rim, they alter in diameter from this cause, in the long
and short vibrations.

CHAIN HOOK. A small book which is attached to each end of
a fuzee chain, to fasten the chain to the barrel and fuzee.
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CHALK. To prepare chalk for use for cleaning gilding, etc., pul-
verize it thoroughly and then mix it with clean water, in proportion of
two pounds to the gallon. Stir well and then let it stand about two
minutes. In this time the gritty matter will have settled to the bot-
tom. Slowly pour the water into another vessel, so as. not to stir up
the sediment. Let stand until entirely settled, and then pour off as
before. The settlings will be prepared chalk, ready for use as soon
as dried. Spanish whiting, treated in the same way, makes a very
good cleaning or polishing powder. Some watchmakers add a little
crocus; it gives the powder a nice color at least.

CHAMFER. To groove. To cut a channel in. To cut or grind
in a sloping manner anything originally right-angled. To bevel.

CHAMFERING TOOL. A tool for cutting a bevel or chamfer,
A tool for cutting a furrow or channel is also known as & chamfering
tool.

CHAMOIS. A soft leather used by watchmakers and jewelers,
and so called because first prepared from the skin of a species of
antelope known as chamois,

Chamois, to Clean. A chamois leather should never be thrown
away because it is dirty. It can easily be cleaned and is then better
than a new one. Prepare a solution of warm water with a little soda
init. Wet the leather in this and rub it thoroughly with soap and
leave it to soak for several hours, after which rub it vigorously until
it is quite clean. Prepare a new solution of warm water, a little
soda and some soap and rub the skin thoroughly in this to rinse out
the dirt. A chamois skin must never be rinsed in water only, or it
will come out harsh and dry. The soap in the water leaves the skin
soft and pliable. Ivory soap will be found particularly desirable in
this respect,as it is rich in fat and has but little rosin and no surplus

-of lye. After thoroughly rinsing, wrap the skin up in a towel and
wring it until dry and then work it thoroughly in the hands until it is
dry and pliable and you will have a leather which is superior to a
new one. :

CHARIOT. A small brass plate, recessed into the under side of
the pillar plate of a cylinder watch, and which carries at one end the
balance cock, while at the other end the lower balance jewel is
mounted. By loosening the screw which holds the plate in place, the
depthing between the ’scape wheel and cylinder may be altered and
still keep the balance upright.
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CHIMES. A set of bells musically tuned to one another and some-
times attached to tower clocks, especially in Europe, such clocks being
known as quarter clocks, or chiming clocks.

CHIMING. BARREL. The cylinder in a chiming clock which
raises the hammer in the chiming train, by means of projections upon its
surface.

CHOPS. Two metal plates which bind the ends of the pendulu.a
suspension spring.

CHRONOGRAPH. A recording time piece. In modern usage the
term is applied to watches having a center seconds hand (driven from the
fourth wheel), which generally beats fifths of a second. The hand is
started, stopped or caused to fly back by manipulating a push on the side
of the case. °

CHRONOMETER, A portable time piece of superior construction,
with heavy compensation balance, and usually
beating half seconds; intended for keeping
very accurate time for astronomers, watch-
makers, etc. See Fig. 6o.

Marine Chronometer, A chronometer
hung in gimbals, for use at sea in determining
longitude.

Pocket Chronometer. A pocket watch
with chronometer escapement.

Fig. 60.

CHRONOMETER ESCAPEMENT. A form of escapement in
which the impulse is given direct from the escape wheel to the
impulse roller on the balance staff, the locking being accomplished
on a separate piece known as the detent, from which it is sometimes
called detent escapement. The detent is made of two principal
forms which constitute the two varieties of this escapement. The one
shown in Fig. 61 is the pivoted detent which is sometimes termed the
bascule escapement by foreign makers, while Fig. 62 shows the spring
detent. This escapement appears to have been invented by Pierre
LeRoy, in the year 1766. In the earliest forms the unlocking, or as
it is sometimes called, the gold spring. was mounted upon the balance
staff, but was subsequently transferred to the detent, similar to the
present form, also the escape wheel was sometimes made with two
sets of teeth similar to the one used in the duplex.’ From its first
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Fig. 61.
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inception up to the present time it has passed through many forms
and modifications, until it has finally arrived at a stage where it
approaches perfection very closely when made by the best makers.

/N A_J
S oo Lg_l_____o_

Fig. 62.

When well made this form of escapement leaves but little to be
desired for timekeeping; but while its action is simple, the applica-
tion of the principles underlying its construction must be correctly
applied, as well as that the workmanship be of the highest quality.

Action of the Escapement. In Fig. 61 the tooth ¢ is at rest upon
the locking stone 4. The dotted circle ¢ represents the unlocking
roller which is mounted upon the balance staff beneath the impulse
roller 2. The unlocking spring g is rigidly held at the back end by
a screw, while the end next to the balance is free to move towards
the escape wheel, but when pressed in the opposite direction it will
carry the detent with it by striking against the horn of the detent %,
thus accomplishing the unlocking of the escape wheel for the suc-
ceeding impulse. Upon the detent arbor there is mounted a small
spiral spring, not shown, of the same form as the balance spring only
very much smaller and having four or five coils for the purpose of
returning the detent to the locking position. This spring is mounted
by means of a collet and is held by a stud similar to the balance
spring. As shown the unlocking pallet is in position ready to unlock
the escape wheel, thus allowing the tooth 7 to fall upon the impulse
pallet 7, which imparts the impulse to the balance through the
impulse roller Z, which is mounted upon the balance staff in a similar
manner to that of the roller in a lever escapement. Having received
an impulse the balance continues its excursion around to the left,
until the momentum of the balance has been absorbed by the balance
spring. The balance is immediately started upon its return vibra-
tion by the tension of the balance spring produced by the impulse
and the momentum of the balance. The unlocking pallet in return-
ing strikes upon the back of the unlocking
spring, but as it is free to bend in this direc-
tion no other action takes place.

When the balance returns again the un-
locking pallet strikes against the unlocking
spring, which is resting against the horn of
the detent, thus unlocking the escape wheel,
ready to deliver another impulse. There
is a banking screw in the marine chronometer, shown in Fig. 63,
against which the detent strikes and the amount of lock is adjusted.
This screw is usually located about the center of the locking stone,

Fig. 63.
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but in all cases it should be located at the point where the detent will
come to rest with the least jar or trembling, which would be very
detrimental to accurate timing. The escape wheel makes a revolu-
tion in the same time as that of the lever escapement, because each
tooth delivers but one impulse, and the entire space between two
teeth passes every time the detent is unlocked, while in the lever
each tooth gives two impulses. While the balance in this escape-
ment is more nearly free from errors of the train which makes it so
accurate as a timepiece, it is nevertheless at the same time very sen-
sitive to external shocks, and for this reason is not suitable for carry-
ing in the pocket except in rare cases when carried by a careful per-
son. Another reason why it is not suitable for ordinary wear is its
liability to set, that is the motion of the balance is counteracted to a
greater or less extent, which may be sufficient to entirely stop the
watch, and as this escapement has no power to start itself, even in
the highest grades, the watch would stand still until again started.
The escapement shown in Fig. 61 is taken from one of Jules Jurgen-
sen’s pocket chronometers, and in the drawing is shown enlarged ten
times. These measurements were very carefully taken and trans-
ferred to the drawing, so that it may act as a reliable guide to those
who may wish to construct one.

The Escape Wheel. The wheel is made of brass or gold, which
should be well hammered to harden it and give it rigidity, which is
very essential, as it must be left as light as possible. The teeth are
cut by a cutter whose cutting edge conforms to the circle of the
wheel and the back of the teeth are cut by a cutter of suitable form,
After the teeth are cut a hole is bored through a plate, which may be
of steel and then hardened, which corresponds to the inner circle of
the rim of the wheel and concentric with this a recess isturned out
into which the escape wheel will just enter freely.

The arms of the wheel are to be carefully worked out by hand,
using small files and working carefully so as not to distort the metal.
The greater part of the metal between the arms may be removed
by drilling several holes which will expedite the work somewhat.
For finishing up the arms a guide can be made by turning a disc of
steel whose outside diameter corresponds tu that of the escape wheel,
so that it may enter the same recess, and then cutting almost half of
it away, or half the width the arm is to be over half the diameter,
also leaving a portion remaining, which will correspond to the hub of
the wheel. If the piece before mentioned was made of steel and
bhardened it will act as a guide for forming the inner circle of the
rim. After the arms are cut out and nicely smoothed the wheel-
may be cemented into an accurately fitted recess turned into a cement
brass and the arms thinned down to about half the thickness the rest
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of the wheel is by turning out with the slide rest or other suitable
attachment, using a very keen tool which will leave a smooth and
polished cut. The points of the teeth should not be left sharp, but
should be imperceptibly rounded. Sometimes the recessing is
carried out as far as the base of the teeth, leaving a sharp angle, and
in others it is carried to the points of the teeth in a gentle curve,
beginning at their base. This latter form makes the lightest wheel,
but is somewhat more difficult to make and does not look quite so
nice as the first form, as the flat top of the rim and teeth may be
highly polished upon an agate polishing stone, such as is used to
polish jewel settings, etc. The cutters used for cutting the teeth
should leave a smooth, polished cut, as the teeth should not be
changed from what the cutter left them.

The Detent. The counterpoise of the pivoted detent affords a
ready means of poising it, so that the question of a long or short
detent has not the same importance as it has in the spring detent.
In the spring detent the spring must sustain all the weight of the
outer end so that it is advisable with this form to make it as short as
may be safely done. With a long spring detent, of course, there will
be more metal to be sustained by the spring, so that it must be left
thicker, and this will make the work performed by the balance so
much the greater, which is a detriment when held in such a position
that the weight of the detent acts to increase or decrease the unlock-
ing resistance.

Saunier in his Modern Horology, article 850 says: ‘‘In the case of
the marine chronometer as now made, it has been experimentally
ascertained that the acting length of the spring detent should not be
less than the diameter of the escape wheel, nor more than the radius
of the balance. A pivoted detent, measured from the center of
motion to the extremity of the auxiliary spring, should be much
shorter (by rather more than one-third this amount): for otherwise its
weight, being increased by that of the counterpoise, would render
the action of the escapement uncertain, especially in pocket
chronometers beating 18,000 or 21,600 vibrations per hour.” It is
difficult to see the logic of his reasoning regarding the pivoted detent.
The only hypothesis on which his reasoning would seem to apply
would be where the counterpoise was added merely as an ornament,
without due regard to the poising of the detent, a thing which is very
necessary, in this respect having an advantage over the spring detent.
Making a new or replacing a broken detent is about one of the most
difficult jobs the watchmaker has to undertake, especially in the
latter case, when its location and proportions are already determined.
In making a detent, it will result beneficially if the measurements are
made directly onto a steel plate sufficiently large that all the various
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proportions may be made directly upon it rather than making them
on a separate plate and then transferring them to the piece of steel
from which the detent is to be made. The selection of the steel from
which the detent is to be made is very important, as it must be made
as light as possible and yet sufficiently rigid to withstand the impact
of the locking. The conditions above enumerated can only be satis-
fied by using steel of a very superior quality, and in this respect
almost any steel may be improved by carefully hammering it, which
will make it more dense. Another reason for using a plate from
which to make the detent is that the holes may be drilled more accu-
rately at right angles to the plane of the detent. When all the points
of the detent are located, drill all the holes and rough it approxi-
mately and harden, drawing it to a spring temper of dark blue, If a
lead or cyanide bath be at hand for heating, only ordinary care will
be required in hardening, but if a blow pipe is used great care will
be necessary to avoid overheating, which would ruin it. When
replacing a broken detent the centers of the different parts should
be marked upon the plate, which has been carefully smoothed, and
by mounting the impulse pallet upon a well made arbor a hole is to
be drilled into which this arbor will accurately fit, the same being
done with the escape pinion. By this method the face of the locking
stone may be accurately located. In the spring detent the corners
where the spring joins the body of the detent to the foot, should be
left slightly rounded, not taking special care to have them extremely
sharp, which would make them liable to be broken. The amount of
this rounding should be slight, almost an imperceptible amount being
quite sufficient. After the hardening process the forming may be
proceeded with by using a fine file, which should be new and sharp,
that the metal may not be in any way strained or injured, finishing off
with carborundum powder, and a tin slip if to be left unpolished, or
if to be polished, using a zinc slip and diamantine. Mr. Britten says
“The locking pallet should not be perfectly upright., It should lean
a little from the center of the wheel, and a little towards the foot of
the detent, so that the locking takes place at the root of the stone,
and then the action of locking and unlocking does not tend so much
to buckle the detent. The face of the impulse pallet, too, should be
slightly inclined so that it bears on the upper part of the wheel teeth.
By this means the impulse pallet will not mark the wheel in the
same spot as the locking pallet.”

If the above theory be true why is it necessary to go to such
expense and care that each part be accurately made, but that the
above reasoning is incorrect we cite a few facts below and endeavor _
to show why the locking and impulse pallets should be set perfectly
upright, taking ‘extraordinary care that théy be so set. By setting
the locking stone upright there can be no tendency to buckle the
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detent, for the pressure will come equally upon the top and bottom
of the locking pallet, and the wear being distributed equally upon
the surfaces, the wear will not be so great. With the pivoted detent
the locking pallet may be set very near on a radial line so that it
it will have justa small amount of draw, as, if the detent be accu-
rately poised, the*force of the locking spring will be sufficient to
prevent the escape wheel becoming unlocked at the wrong time, but
with the spring detent a perceptible draw is necessary, ten degrees
being sufficient when well constructed.

The Unlocking Spring. The unlocking spring is made of gold,
hammer hardened, and made as light as possible, from one and one-
balf to two-thousandths of an inch in thickness. It should be made
longer than necessary, then cut off so that it will only carry the
detent out sufficient to well clear the teeth of the escape wheel and
should point directly towards the center of the balance.

The Rollers. The unlocking and impulse rollers are made of
tempered steel, the slots for the pallets being cut so that their front
faces are on a radial line to their center. The outer end of the im-
pulse pallet should be just equal to the roller, while in the unlocking
roller the pallet extends beyond the edge of the roller so as to strike
the unlocking spring. :

The Pallets. Ruby or sapphire are the only stones sufficiently
bard from which the pallets should be made. The impulse and
unlocking stones should be sloped off at the back, while the locking
one is brought to an edge asindicated at 4, Fig. 61, so that it may
not strike the back of the tooth when returning to the locking posi-
tion. The half of the locking pallet which is cut away is filled in by
a half round brass plug cut off flush with the detent face. The
unlocking and impulse pallets are carefully fitted to the slots and
beld in place by shellac. The edges of all the pallets should be
slightly rounded and carefully polished.

Examining the Escapement. Before taking the watch apart, the
several actions should be examined and any fault noted. See that
the balance is true, both in the round and flat; also notice the action
of the balance spring and that it develops uniformly. Try the
various endshakes, which should be only the amount necessary for
freedom. If the sideshake at the pivots is more than what is neces-
sary for freedom, a new jewel should be fitted or a new part made,
depending upon which is at fault. Stop the balance and notice the
location of .the impulse and unlocking pallets. When at rest the
unlocking pallet should stand near the unlocking spring with the
impulse pallet near the tooth of the escape wheel, which will deliver
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the next succeeding impulse, but the position of none of them should
be changed until the watch has been tested for isochronism and in
the various positions, since they may have been thus placed to com-
plete some of the adjustments. Notice the amount the unlocking
pallet carries the detent beyond what is necessary to unlock the
tooth and at the same time see that the incoming tooth strikes safely
upon the impulse pallet; also the distance the pallet is forward of the
tooth at the time the tooth falls upon the pallet. The extent of the
drop should not exceed five degrees, and may sometimes be slightly
less. The distance between the edge of the impulse roller and the
two escape teeth immediately adjoining it, that is, the tooth which
has just given the impulse and the one which will immediately follow
it, should be just sufficient to leave the parts free and should be
equally divided on each tooth. If the lights, as they are called,
are not equal, it shows that the position of the locking stone is
not correct and which way it should be moved to correct the
fault. Excessive side-shake at the pivots, especially at the bal-
ance, might cause the inequality above referred to when held in
certain positions. The escape wheel must be true in the flat,
noticing that none of the teeth are faulty. The heights of the
rollers should be so as to engage the escape teeth and the unlock-
ing spring.

The amount of lock of the tooth upon the locking pallet should be
as small as possible, leaving a sufficient margin for safety. No
workman who is not thoroughly acquainted with this escapement
should attempt to repair it, for, since none except a first-rate work-
man could expect to make one which would give satisfactory results,
so, none but a workman of equal skill can expect to repair it without
leaving it in an imperfect condition.

“Munger’s Improved Chronometer Escapement. In this escape-
ment, which is illustrated in Fig. 64, the detent and staff are
in one piece, with a notch in the head to hold the locking jewel.
The detent arm has a hole through it to receive the detent staff,
fitting friction tight, so that the detent and arm can be set at the
proper angle to each other, and then the staff driven down to the
shoulder. These should not fit so tightly that they cannot be sep-
arated without danger of breaking, but so firmly as not to be
moved out of proper position to each other by use or handling,
etc. Figure 64 shows the escapement and impulse pallet of the
usual construction. The diameter of the pallet should not be
less than six-tenths (.6) the diameter of the escapement, or
larger than two-thirds the size of the wheel. 4 & shows the
line of centers of the escape wheel and balance; 4 & the circle of
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depthing of the escapement and detent from the balance holes; ¢ ¢ extends
from the intersection of the periphery of the wheel with the line ¢ @, and
the point of the third tooth of the wheel across the circle 55. At the
intersection of the lines & 4 and c c is the point of location of the detent
pivots (a slight variation from this point is not important). The discharge,
or unlocking pallet, shown by the dotted lines, is a light bar or arm with
a notch at one end to hold its jewel, and is the same length or diameter
as the impulse pallet (or nearly so). In planting the escapement, first
mount the wheel on its pinion and top it just enough to have it round.
Then use a temporary brass or steel disc, the size required for the impulse
pallet, place it on the
balance staff, and adjust
the depth of it and the
wheel in the depth tool,
and mark the circle 4 5.
Locate the escape wheel
and detent pivots the dis-
tance apart indicated by
the drawing, and pivot
them in, as also the bal-
ance, in their proper posi-
tions., In the brass disc
cut 2 notch large enough
to allow the escape-wheel
tooth to pass through as in
escaping. As the detent
jewel is too long to allow
of the proper locking of
the wheel, let a tooth of
Fig. 64*. the wheel rest on the lock-
ing face of the detent (the notch in the disc allows this), and the distance
of the entrance tooth from the disc readily shows about how much of ‘the
detent jewel has to be ground off before beginning to polish its locking
face. Two or three trials will bring it so near that the final polishing
will make the locking correct. All this really takes but a few minutes
to do.
To obtain the adjustment of the detent use a special tool. The spindle
is hollow, and the front end reamed out to take in a small brass taper

*Fig. 1 represents a plan, or face view, of the escapement, showing the method of
locating the relative positions of the balance, escape wheel and detent pivots,

Fig. 2 is an elevation of the detent, detached from the detent arm.

Fig. 3 is a plan view of the detent arm and gold spring attached toit. D, eccentric
banking screw to adjust the position of the detent arm and depth of locking the escape
wheel, The distance of the dctent pivot from the escape wheel can be determined and
laid out with sufficient accuracy as one-fifth to one-fourth of the distancc shown in the
drawing,
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that also fits a chuck in your lathe-spindle; this small taper is drilled out,
with as large a hole as convenient, from the back end to within about
one-eighth of an inch of the front. Itis then putin the lathe-spindle and
the front end turned small enough to be out of the way of the lap,
and carefully centered and drilled through into the large hole, and
broached out just enough to hold the detent staff firmly by friction, while
grinding and polishing the locking surface; and it is readily removed
from the taper to try the detent for the correct locking.

In making this adjustment, the arbor carrying the polishing lap should
be held firmly, (by means of a loose button on the front end of the spin-
dle) against the adjusting screw #, and this screw turned a little at a
time, as the length of the detent jewel is shortened, so that the locking
face will be a true circle from the pivots; for if the locking corner is
much rounded off, or beveled, the pressure of the wheel against it would
push the detent out, and cause it to trip or unlock at the wrong time, If
the circle is true from the pivots, no amount of pressure of the wheel
against the detent can push it out or release it.

With the size of discharge pallet used, the unlocking action can begin,
if desired, from 14 to 14 of the whole motion of the detent arm before
the line of centers, and is adjusted by the eccentric banking screw d.
The relative position or angle of the detent to the arm is then so adjusted
as to give the right amount of locking to the escape wheel, (which can
be very shallow). The gold spring is then shortened, so that it will be
released from the discharge pallet when the escape wheel tooth and im-
pulse jewel are about on the line of centers; if the gold spring is too
short, the detent will return too soon, so that the inside face of the lock-
ing jewel will strike the point of the tooth of the escape wheel, and the
wheel drag along the face of the jewel until the detent arm rests against
the banking screw d. This must be avoided.

The discharge pallet, of course, must be set so as to unlock at the right
position of the impulse pallet, but less drop is required in this escape-
ment than in the usual construction.

The spiral return spring on the detent staff, under the arm, should
have tension enough to return the detent to its banking, when it is
moved a trifle, with all the pressure on it from the train that the main-
spring can give. Use five or six coils for the return spring, and put on
the spring so that it opens when the detent is moved to unlock, as this
gives a trifle quicker action to start the detent on its return. The detent,
all complete, is so very light that there is no recoil as it strikes the bank-
ing, and no jarring or outside motion will cause it to trip, as all others
are liable to do.

The extreme lightness of the detent with its locking so near the pivot,
lessens the friction so greatly that the discharge pallet can be of the
same diameter as the impulse pallet, and thus greatly lessen the angle or
extent of motion required to start it going; and it also admits of very
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shallow locking, without the least danger of tripping, and requires much
less strength of mainspring than any other detached escapement,

CHRONOSCOPE. A clock or watch in which the time is indicated
by the presentation of numbers through holes in the dial.

CHUCK. A mechanical contrivance for holding work in a lathe,
True chucks are the most important adjuncts to a watchmaker’s bench.
A good lathe and untrue chucks will result in inferior work, while a
cheap lathe with true chucks will permit of some good results. Chucks
holdthe work truest that come the nearest fitting the hole in them. Trying
to hold.work too large or too small, will soon get them out of true, and
often make the workman dissatisfied with his chucks, his work, himself

and his lathe. Wax is the only sure thing
) for fine staff and pivot work, although .
there are many substitutes that do very
well, and with the aid of them a gcod

Fig. 65. workman can turn out a very fine job.
With a good lathe, true chucks and sizes to suit, and a reasonable
amount of practice, first class work can be done with split chucks. One
chuck or tool of any kind seldom does all kinds of work and does it well,

Fig. 65 is a good example of the modern split wire chuck, such as is
furnished to go with all American made lathes.

The table of American wire chucks on page 79 will prove useful to
those persons who contemplate purchasing chucks for lathes of foreign
manufacture,

Adjustable Chuck. The Hopkins patent adjustable chuck, shown in
Fig. 66, is designed to grip and hold firmly and accurately any size of
work from the smallest staff to the largest pinion, watch wheels of ali
sizes, mainspring barrels and other large
work, and can be adjusted to any make
of lathe by simply placing it friction
tight, on a plug chuck fitted properly
to the lathe. In using this chuck for
staffs, pinions, wire, etc., fasten a V piece
4, of proper size, in the hole in attachment
6, taking care that both the V and the
seat in which it rests are free from chips,
dirt, etc. Then lay your workin the V
and fasten it there by means of the slid-
ing jaw above it. This done, place the Fig. 66.
attachment on the face of the chuck body, with the disc slipped under
the heads of the two spring bolts, and then spin the work to center,
same as when using wax. After centering thus, fasten the disc to place
by tightening the nuts on the back ends of the spring bolts.
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For holding work by the web of the wheel, place the wheel under the
screw cap on the face attachment 8 and screw the cap down firmly on
it, with the staff or pinion projecting outward through the center hole.
This done proceed the same as when using No. 6.

For mainspring barrels and like work, use attachment 11, and place a
bit of broken mainspring between the work and the ends of the three
binding screws, and tighten the screws down on that instead of directly
on the work.

Arbor Chuck., A screw chuck on the end of which is a threaded

Fig. 67.

arbor for the reception of saws, laps, etc., which are clamped in position
firmly by means of a nut or thumb screw as shown in Fig. 66.

Bezel Chuck. The Snyder patent Bezel Chuck, shown in Fig. 63,
was originally intended for holding bezels only, but it is now made so
that it will hold watch plates, coins, etc., and s adjustable to any size.
It can be fitted to any lathe and requires but very little practice to use it,
as it is extremely simple and any one who uses a lathe can make or
repair bezelsin a workmanlike manner. It holds the work as in a vise,
and no amount of turning or jarring will loosen the jaws, while it may
be opened and closed instantly by simply turning the milled nut behind
the face plate, thus enabling the operator to turn and fit a bezel perfectly,
by trying on the case as many times as necessary. It
holds the bezel by either groove, so that the recess may
be turned out when too shallow or too small for the glass,
or the bezel may be inverted and turned away when it
rests too hard on the dial. It will be found especially
useful in turning out the inevitable lump of solder from
the recess in the bezel, after soldering and in fitting to
case, as the process of soldering generally makes the
bezel shorter; and consequently it will not fit on the case.
It also renders the operation of polishing bezels after
soldering, but a few minutes’ work. In turning out the recess for glass
in bezels, especially heavy nickel bezels, it will prove a friend indeed,
when for instance, you look through your stock of flat glasses and find
none to fit, but have one that is just too large. All watchmakers know
that if the groove in the bezel is imperfect it is apt to break the glass,
The chuck is also useful as a barrel closer, holding work while engrav-
ing, and many other;uses that will present themselves to the watch or
case repairer.,
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Cement Chuck. The Spickerman patent cement chuck, shown in
Fig. 69, is a very handy device, as it holds and centers accurately any
wheel in a watch while drilling, polishing or fitting new staffs or pinions,
and all danger of injuring wheels is
obviated. It fits all kinds of American
or Swiss lathes. The holder shown in
Fig. 70 at a, is turned down to nearly
the size of the screw for the lathe
and the screw cut so the holder
will set as close as possible to the,
lathe. The face of the holder is
then turned perfectly true. Put
wheel to be centered in cape, as |
near to center as convenient and’
screw on &. Then place cement
face of chuck & against face of
holder a on the lathe and with a
lamp, warm the cement between
the surfaces, holding the chuck
with a stick against the pivot of wheel in the cap, and it will move
to an exact center as soon as warmed sufficiently. New cement
should be added occasionally between the surfaces, as it hardens
and burns away and does not center as well as when new. Fig.
69 shows chuck with wheel inside ready for drilling. See also
Cement Byasses.

Chuck Stepping Device. In this device, shown in Fig. 71, 4
rests in chuck slightly less than diameter of work. B tightens in
rear end of draw-in-spindle. Turning ¢ regulates depth of step.

By the use of this tool any wire chuck will accurately serve as
a step chuck. It is a device of great service to the watchmaker
when used and understood. It enables him to make a step in
any wire chuck of any depth he may wish, and will push out the
work if desired. It is very useful many times for a stop for mark-
ing or cutting off when you want a number of pieces of the same
length or kind. Many object to the stepped chuck for general
use, objections which this device obviates.

Conoidal Chuck. A wire chuck which has a conoidal shape in  §
lieu of the shoulder usually left” |
on wire chucks for the bend in §fi
the lathe head. Fig. 72 illus. Fyg. 1,
trates the usual form of conoidal
Fig. 72. chucks. -
Crown Chuck, A chuck for holding watch crowns while undergoing
repairs of various kinds. ' Figure %3 illustrates the Dale chiick, which is
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made on the lines of the ordinary split wire chuck, a large recess being
turned in the end for the recep-
tion of the crown. The draw-in
of the chuck holds the crown
firmly in place. Fig, 44 illus.
trates the Johanson chuck, which
is intended to hold all sizes of
crowns, from the smallest to the largest.
The figure clearly shows the adjustment of
parts. This chuck is manufactured in two
styles, one like Fig. 74, which is ready to
insert into a number 40 wire chuck of
an American lathe, while the other style is
mounted on a regular chuck and is always
ready to insert into the lathe head, the
Fig. 74. same as an ordinary split chuck.

Dead Center Chuck. By the use of this chuck, shown in Fig. 75, the
work can be run on dead centers
as well as by the bow or verge
lathe, and the motion will be
continuous.

Drill Chuck. A small chuck

Fig. 75.

for holding drills, made to fit in tail-stock spindles or taper chucks. Fig.
76 illustrates the Gem Pivot Drill Chuck.

Jeweling Chuck. The Hutchinson Jeweling Chuck, which is shown
in Fig. 77, is intended as a substitute for wax, when manipulating
jewels. The cut represents a full size chuck, which
is made similar to the ordinary split chuck, but has
an adjustable center which can be moved backward
or forward by means of the screw in the rear, and
is used to support the jewel while in place in the
chuck. They are made in three sizes. Another
form of jeweling chuck is shown in Fig. 48, and is
known as the Deuss Chuck. Itis a self-centering
chuck which will hold all sizes of jewels and fits the
wheel or step chucks of all American lathes,

ig. .
Pivoting Chuck, The Gem patent pivoting chuck, shown in Figs. 79
and 8o, is intended as a substitute for wax for pivoting and like work,
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By the means of the ball 5, placed between the two sliding sockets c ¢,
with the several other parts as represented in Fig. 79, a combinatjon of
sliding and ball and socket movements in connection with a spring pump
center, is obtained. A set of ten or more, supplementary chucks g, with
different sizes of center holes, and attachment 7, for all sizes of wheels,
are furnished with each chuck. The supplementary chuck g, in the form

Fig. 79.

of a small split chuck, is made to fit into a hole with taper mouth in the
center of the ball 4, and is drawn into place and the work fastened firmly
in it by means of the binding nut =, which screws on to a projection
extending outward from front side of the ball.

To use this chuck proceed as follows: Remove the nut 2, and give
freedom to the working parts by loosening the large back nut £ Then
to bring the hole through the ball 5, into line, spin the ball to center, first
at the base of the projecting screw and then at the mouth of the hole
through it, and in this position again fasten the parts, by tightening the
nut 2 Then give freedom to the pump center by slightly loosening the
set screw 7. When doing this, hold your finger against the front of the
chuck, to prevent the center rod from shooting out of its place when

Fig. 80.

freed. Then having placed a supplementary chuck g, of proper size, in
its place in the chuck, and your work in it, with its back end resting
properly in the countersink in the end of the pump center, fasten it there
by screwing the cap 7 down snugly over it, using a small lever pin when
necessary for this purpose, but not with nndue force. Then again loosen
the nut £ and spin the work to center at its outer end; and then tighten
both the nut # and set screw ;. In tightening the set screw 7, make sure
it is so tightened as to prevent the pump center from slipping from place
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when working. If from tightening the screw 7, it is found that the work
has been thrown in any degree away from true center, loosen the nut %,
leaving the pump center fast, and again spin to center, and fasten as
before. All of which after a little practice may be done, and the work
b€ brought to absolute truth in a few moments.

In using attachment » for wheels, the nut # and chuck g are removed,
and # substituted therefor; the work being held on the face of the attach-
ment by flat headed screws that grip the arms of the wheel. For cylin-
der escape wheels a special attachment # is furnished. The best thing
to use when spinning work to enter in the chuck, is a bit of peg wood of
wedge shape at one end. The countersinks in the ends of the pump
center should in all cases be carefully tested, and if need be trued up in
the lathe in which the chuck is to be used. In doing this, use a good,
fine-pointed sharp graver, and make sure the countersink is perfectly
true. The same rules in regard to truth in the countersink, and having
the work rest properly in it, are to be observed in using this chuck as
when using wax.

Screw Chuck. A solid chuck having a threaded hole in the end for
the reception of cement brasses, laps, etc., as shown in Fig. 81.

Fig. 82.

Shoulder Chuck. A chuck having a large opening in the end with
square shoulders for the work to rest upon as shown in Fig. 82.

Step or Wheel Chucks. These chucks are usually made in sets of
five, each chuck having nine steps, giving forty-five different sizes.
These chucks are very useful in holding main spring barrels, to fit in the
cap of the barrel, should it become
out of true. They are also valuable
in truing up barrels of English lever
watches, that are damaged owing to
T — the breakage of 2 main spring. They

S e | are also very useful in holding almost
any wheel in a watch, but particularly
convenient in fitting a center wheel

= to a pinion, or in making sure that
Fig. 83. the hole in the wheel is in the center.
These chucks are made by the various lathe manufacturers and are all
similar to Fig. 83, and will hold wheels from .5 to 2.26.




85 Chuck Box.

Taper Chuck. A solid chuck having a large opening for the recep-
tion of tapers, centers, laps, etc., as shown in Fig. 84.

I

Fig. 84,

CHUCK BOX. A circular box with lid, for holding chucks. They
are usually made of cherry or mahogany. By keeping your chucks ina

box similar to that shown in Fig. 85, you can find a chuck of the desired
size in a moment and the chucks are less liable to be damaged than when
kept in a drawer with miscellaneous tools.

CIRCULAR ERROR. In apendulum clock the difference of time
caused by the pendulum following a circular instead of a cycloidal path.

CLAMPS. Movable pieces of brass, lead, leather or cork attached to

the jaws of a vise:while holding objects that would be injured by the vise
jaws,
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CLEANSING, PICKLING AND POLISHING.

To Clean Pendulums. Brass pendulum bobs are often found with
black stains upon them that prove very obstinate to remove. Heat the
bob moderately, touch the stains with a brush dipped in nitric acid, rub
with a linen rag and again heat moderately.

To Clean Silver. Articles of silver, either solid or plated, are quickly
and easily ,cleaned by dipping in a moderate concentrated solution of
potassium cyanide and then thoroughly rinsing in water. Jewelers will
find it very convenient to have three stone jars, with tight fitting covers,
to exclude all dirt. Label the jars “Cyanide,” “i1st Water” and
“ Second Water.’ In these, large pieces of silverware can be cleaned
with ease by dipping into the cyanide, then into jar number one and
then jar number two. Dry with a soft linen rag and the articles will be
found free from all stains.

To Clean Nickel. The nickel plates of watches are sometimes found
to have rust stains upon them. These can be removed by rubbing the
spot with grease, allowing them to stand for a few days, and rubbing
thoroughly with a cloth moistened with ammonia. In obstinate cases,
repeat the operation or touch the stains with dilute hydrochloric acid
and rub thoroughly. Rinse in clean water and polish. A mixture of
fifty parts of rectified alcohol and one part of sulphuric acid is also valu-
able for cleaning nickel plates. Immerse for ten or fifteen seconds, no
longer, rinse in alcohol, and dry in sawdust.

To Clean Brass. To clean old brass, especially small figures, paper
knives, etc., Immerse them in a mixture of one part of nitric acid and
half part of sulphuric acid. Allow them to remain a short time,
rinse thoroughly in cold water, dry in sawdust and polish with Vienna
lime, when they will appear like new.

Pickling of Metals. Metals are pickled for the purpose of
removing the oxide and producing a lustrous surface. An excellent
pickle for brass consists of ten parts of water and oneof sulphuric
acid. Dip into this pickle, wash, dry, and immediately dip into a second
pickle consisting of two parts of nitric acid and one of sulphuric acid
and rinse thoroughly. This dissolves the zinc from the brass, and gives
the metal a brilliant surface. All pickling operations with either hot or
cold pickle should be carried on in the open air or in the draft of a well
drawing chimney, asthe vapors arising from the acids are very injurious.
In order to retain the luster, a good transparent rvarnish' should be
applied.
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Pickle for German Silver. To twelve parts of water add one part of
nitric acid; immerse the article in this, quickly remove, and place ina
mixture of equal parts of sulphuric and nitric acid, rinse thoroughly in
water and dry insawdust. In all casesof pickling it is essential that all
traces of acid be removed by frequent washings in clean water,

Pickle for Gold Alloys. Gold alloys, especially those containing
copper, assume an unsightly dark brown exterior, owing to the copper
oxide generated by the repeated glow heating necessary during work.
In order to remove this the object must be pickled, and either highly
diluted sulphuric or nitric acid is used for the purpose, according to the
color the article is designed to have.

If working with an alloy consisting only of gold and copper, either
sulphuric or nitric acid may be used indifferently, since gold is not
attacked by either of these acids, while copper oxide is easily decom-
posed thereby, and after having been pickled, the article will assume
the color of pure gold, because its surface is covered with a layer of the
pure metal.

If the alloy is composed of pure gold and silver however, only nitric
acid can be employed, and the article is left immersed in it only for a
short time; this acid dissolves a very small portion of the silver, and the
article also assumes the color of pure gold.

When working with an alloy which, besides the gold, contains both
copper and silver, the process of pickling may be varied in accordance
with the color desired to be given to the article. If the pickling is per-
formed in sulphuric acid, the copper alone is dissolved, the article as-
suming a color corresponding to a gold-silver alloy, which now consti-
tutes the surface of the article.

If nitric acid 1s used it will dissolve the silver as well as the copper
and in this case a pure gold color is produced.

Pickling is done by first feebly glow-heating the article and cooling it;
this operation is for the purpose of destroying any fat from the hands or
other contamination adhering to the article. If it was soldered with
some easily-flowing solder, this glow-heating must be omitted, but it
may be cleansed from impurities by immersing it at first into very strong
caustic lye, and rinsing it with water; it is then laid into the acid.

The acids are employed in a dilute state, taking forty parts water to
one part concentrated sulphuric or nitric acid. Ifmore articles than one,
they had best be laid beside each other in a porcelain or stoneware dish,
the diluted acid is poured over them, and some article is lifted out from
time to time to watch the course of proceedings, whether it has assumed
a yellow color.

When to satisfaction, they are rinsed with clean water and dried.
While pickling for the purpose only of causing the color peculiar to
gold to appear, the ‘process of coloring has for its object to lend the
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appearance of very fine gold to an article of an indifferent alloy. Varlous
mixtures may be employed for the purpose, and we give two receipts
below which are very appropriate:

Mix two parts saltpeter, 1 part table salt and six parts alum with 6%
parts water, and place in a porcelain dish for heating. As soon as you
notice that the mixture begins to rise, add 1 part of muriatic acid, raise
the whole to boiling and stir with a glass rod.

The article to be colored, and previously treated with sulphuric acid,
as specified, is suspended to a hook, either of sufficiently thick platinum
wire or glass; it is then introduced into the rather slow boiling bath, and
moved around in it. It is to be taken out in about three minutes, and
rinsed in clean water, inspecting its color at the same time. If not to
satisfaction, it is returned to the bath, and this withdrawing it or intro-
ducing is repeated until the desired color is obtained. By the latter im-
mersions the article is left only one minute at a time in the fluid.

When sufficiently colored the article, after rinsing, will be of a high
vellow and mat color; it is washed repeatedly in water to remove the last
traces of the bath, and then dried in hot boxwood sawdust.

In place of drying in sawdust the article may also be dipped in boiling
water, leaving itin for a few seconds; the adhering water will evaporate
almost instantaneously.

The second coloring method consists in pouring water over a mixture
of 115 parts table salt and 230 nitric acid, so that the salt is dissolved; it
is then to be heated until a dry salt residue is again present. This resi-
due is mixed with 172 parts fuming muriatic acld and heated to boiling
for which purpose a porcelain vessel is to be used.

As soon as the pungent odor of chlorine’gas begins to evolve, the
article to be colored is immersed, and left for about eight minutes in the
fluid for the first time; in other respects, a similar treatment as speclfied
above, is also used for this method; if the article colored was polished
previously, a subsequent polishing is unnecessary.

On account of the vapors evolved by the coloring baths, which are
very dangerous to health, the operations should be performed either
under a well-drawing flue, or what is still better, in open air.—Goldsck
Miedekunst,

Polishing Agents, Various polishing agents are used by watchmak-
ers, jewelers, gold and silversmiths, a few of which are here described.
Where the article will admit of it, the best results are obtained by polish-
ing in the lathe. For this purpose the watchmaker should not use his
regular lathe, but should have for the purpose what is known as a polish-
ing lathe, fitted with its various attachments in the shape of scratch-
brushes, buffs, etc.

Ferric Oxide. This material is used in its natural state and also pre-
pared artificially under various names, such as crocus, red stuff and rouge

r
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It is used for polishing fine articles of steel, gold, silver, copper and
bronze.

Tin Putty is an artificial compound prepared from glowing oxalate of
tin, which is obtained by decomposing tin salt with oxalic acid.

Tripoli, A gray-white or yellowish powder, which is made from the
shells of microscopic organisms. It is used for polishing soft metals,
first with oil, and ther dry.

Lime. This material is used in the burned and unslaked state. A
popular variety is known as the Vienna lime. See that heading.

Belgian Polishing Powder. This powder is used for polishing articles
of silver and silver plated ware. It consists of a mixture of 250 parts of
whiting, 117 parts elutriated pipe-clay, 62 parts white lead, 23 parts white
magnesia, and 23 parts rouge,

English Silver Soap. This mixture, which is used for polishing sil-
verware, is prepared as follows: Dissolve 2 parts of castile soap in 2 parts
of soft water over a fire; when melted remove and stir in 6 parts of fine
whiting, pour into moulds and allow it to cool. A little rouge may be
added as coloring matter if desirable.

English Silver Paste. Three parts of perfumed vaseline, 5 parts of
whiting, 1 part of burnt hartshorn, and one of pulverized cuttle bone.
Stir well and put up in tin boxes.

Gold Polishing Powder, Mix together 4.3 parts of alumina, 17.4 of
chalk, 4.3 of carbonate of lead, 1.7 of carbonate of magnesia, and 1.7 of
rouge.

Polishing Paste for Brass. Dissolve 15 parts of oxalic acid in 120
parts of boiling water and add 500 parts of pumice powder, 7 of oil of
turpentine, 60 of soft soap, and 65 of tat oil.

The polishing agent is usually mixed with oil, alcohol or water to pre-
vent scattering, and is then applied by the polishing tool in the shape of
cloth and leather buffs, polishing files, etc. Either the work or the tool
should revolve with great velocity in order to secure good results. Many
articles are brought to a high degree of polish by the use of the burnisher,
after subjecting them to the action of the ordinary polishing agents. See
Burnisher, also Buff.

Scratch Brushing, Articles in relief which do not admit of the use
of the burnisher are brightened by the aid of the scratch brush. The
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shape of the brush varies according to the article to be operated upon.
Hand scratch brushes are sometimes made of spun glass, with fibres of
extreme fineness and elasticity, and are used for scouring only very deli-
cate objects, They are also made of numerous wires of hardened
brass and are prepared in similar form to the glass brushes, except when
purchased the ends of the wires are not cut off, the operator being expec-
ted to do so before using them. The object in leaving the wires con-
nected being to prevent them becoming damaged. Circular scratch
brushes, in which the wires are arranged radially, are used for scouring
articles which will admit of their use. They are attached to the spindle
of a polishing lathe, and the wires consequently all receive a uniform
motion in the same direction. Scratch brushes are seldom, if ever, used
dry, the tool and the work being constantly wet with a decoction of soap-
root, marshmallow, cream of tartar, alum or licorice root. With small
articles the scratch brush is held as you would a pencil, and is moved
over the articles with a backward and forward motion. The brushes
must be carefully looked after and the wires kept straight and in good
order, If they become greasy they are cleansed in caustic potash, and if
they become rough they are sometimes dipped into nitric acid. With
circular brushes it is well to reverse them occasionally in order to change
the direction of the wires. Dirty polishing leathers should be cleaned
by soaking them for an hour or two in a weak solution of soda in warm
water, first rubbing the leather thoroughly withsoap. Rinse thoroughly
and wash in soap and water, The soap in the water will keep the leather
soft and pliable. Dry it in a towel and rub it thoroughly and your leather
will be much better than any new one you can buy.

CLEAT. A narrow or thin piece of metal used to fasten two pieces
of metal together by the aid of solder, screws or rivets,

CLEMENT, WILLIAM. A London clockmaker, who in 1680,
laid claim to the invention of the long or royal pendulum.

CLEPSYDRA. A water clock. A machine used anclently for
measuring time by means of the discharge of water through a small
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