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PREFACE

___________




FOR some years there has been a demand among the watchmaking and jewelry fraternity in this country, for a book that would furnish them some information in regard to tools of American manufacture, drawings and descriptions of the various escapements, definitions of various words and phrases used in the trade, etc. There are upon the market several very valuable books, compiled by English, French and German authors, but these works are silent in regard to tools and methods distinctively American. Most of these works devote considerable space to the use of the bow lathe, the turns and other devices long since abandoned by the American watchmaker.

The ambitious workman is always in search of knowledge, in search of new ideas, new tools and new methods. Patient study, constant practice and ambition are requisite to become proficient 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 a proficient in any art a man must not be deft of touch alone, but the head must also play its part. In America the watchmaker is somewhat differently situated from his European brothers. In the country towns he is often called upon not only to clean and repair watches and clocks, but is often asked to put in order or repair music boxes, fishing reels, musical instruments, sewing machines, electric motors, statuettes, pipes, and a variety of other articles too numerous to mention. It would be next to impossible for the ordinary workman to remember all the various instructions, hints, pointers, formulas and recipes which he has read or heard about, and the author believes such persons will welcome this volume and that it will prove valuable for reference in cases of emergency. This, the fourth edition, has been revised and enlarged so that it is more complete than former editions. In this work the compiler makes no claims of originality. The best authorities have been drawn upon for the information here given.
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ABBEY. To him or his assistant, Graham, is attributed the invention 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 chronometers, watches as a rule not being subjected to tests sufficiently accurate 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, particularly if the overcoil is manipulated too much when timing. Britten declares that there is little doubt that the tendency of springs is to increase slightly in strength for some time after they are subjected to continuous action, just as bells are found to alter a little in tone after use. Sometimes the very best chronometers, after going for a year or two, will accelerate by about three or four seconds per day. M. Jacob attributes 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 segments 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 rigidity is 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 very much less than hardened steel springs.

ACIDS AND SALTS. Acids and salts of various kinds are employed 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. It is 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. It is 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 saturating 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 I part nitric acid and 2 parts hydrochloric acid, and its strength greatly depends upon the degrees of strength of the two ingredients that form it, which vary in commerce considerably. It is 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 crystals. 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 electro-plating baths, and for restoring the shade of defective gilding baths.

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, is a mixture of the acid proper and water. The acid proper is gaseous, and is therefore combined with water. It is a by-product in the manufacture of soda.

Hydrofluoric Acid will dissolve nearly all the metals except silver, platinum and lead. It is a dangerous acid to handle unless you are thoroughly acquainted with its nature. It is used for etching on copper, 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. As it is 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.

Potassium Cyanide of commerce is a colorless salt having an odor somewhat similar to prussic acid. It is highly poisonous. Solutions 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 crystals 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.

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 decomposing 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 electroplating.

Sodium Bicarbonate corresponds in properties very closely with potassium bicarbonate.

Sodium Hydroxide of commerce is solid, in thick white masses, and is readily converted into carbonate of soda by the absorption of carbonic 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. It is used in hot electro-gilding baths.

Sulphuric Acid or oil 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 experience 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 apprenticeship he worked for two years as watchmaker for I. E. Spalding, Janesville, Wis. He was afterwards 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 accepted a position in the watch department of Hoard & Hoes, Chicago. In 1861 he had the management 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 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 Springfield 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, 1888. He is the inventor and patentee of the Adams System of Time Records, now used by nearly every western railroad.
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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 attraction which two bodies have for one another, as attraction between the liquid and the substance of the vessel containing it. See also Oil and Capillarity. Saunier 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 perpendicular 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 testing the pull of the mainspring.

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 up or vertical and dial up or horizontal. In the finer grade of work adjustments are made in the quarters, that is, with 3 up and 9 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 mentioned Modern Horology in Theory and Practice and the Watchmaker's Hand Book by Claudius Saunier, the Watch and Clockmaker's Hand Book by F. J. Britten, and Adjustments to Positions, Isochronism and Compensation, published by G. K. Hazlitt & Co., Chicago. Isochronal 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 round, and the poising will be modified with a change of temperature 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 III. and IX. up. Observe with care both the rates and the amplitude 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. Independently of the balance this loss may be occasioned by excessive friction 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 alt 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 its 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 hardness in the two cases, the end stones being frequently harder than the jewels. Saunier further says that satisfactory results will be obtained in most cases by employing the following methods, either separately 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 become greater.

2. Let the thickness of the jewel holes be no more than is absolutely 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 maintained against the pivot.

3. Reduce the diameters of the pivots, of course changing the jewel holes. The resistance 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 sometimes 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 longer 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 hairspring 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 has like nearly all others its exceptions, 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 will be quicker than the small ones; if, on the contrary, it is lengthened, the small arcs will be performed in less time than the great ones. Glasgow says that a hair-spring of whatever form to be isochronous 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 isochronism, that is, its force will increase in proportion to the tension, and it will not exert any lateral pressure on the pivots.

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 escapement is defective in this particular.

The recognized authorities conflict considerably in their various theories 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 everything must be relative. Whatever be the escapement under consideration, it requires neither a long nor a short hairspring, but one that is suited to its nature and mode of action, that is to say, the length 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 referred to above and form his own conclusions.

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


[image: images]
Fig. 2.



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 evaporation and contamination with dust. It also adds to the appearance of his bench and is a great improvement 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.
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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. 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 part of a repeating watch that keeps the quarter rack off 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 cannot be struck until the quarter rack has fallen. It is sometimes called the hooking spring. It was invented by Julien Le Roy.
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Fig. 4.



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 following 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 add the cold alloy, stirring the three together until intimately mixed, Pour out, cut into pieces, and smelt anew, to obtain a perfect incorporation. 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 polishing, 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 10 per cent. 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 99 of gold gives a metal the color of green gold, very hard but not ductile. An alloy of 5 parts of aluminium to 95 parts of gold gives an alloy that is nearly as brittle as glass. An alloy of 10 parts of aluminium to 90 parts of gold is white, crystalline and brittle. An imitation of gold, used as a substitute for the precious metal in cheap jewelry, is made by fusing together 5 to 7½ parts of aluminium, 90 to 100 parts of copper and 2½ of gold. The color of this alloy resembles gold so closely as to almost defy detection.
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Alloys of Gold used by Jewelers.
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The alloys of gold should not be overheated and ought to be poured immediately after the proper fusion 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 attention 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 contain the more readily oxidizable metals, such as zinc and tin. The weighing of the metals, the arrangement of them 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. Put the 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 producing a more perfect mixing than when the copper is placed on the top.

Alloys Resembling Silver. The following alloys have a close resemblance 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 5.5, antimony 5 and bismuth 2. Warne metal is composed of tin 10, bismuth 7, nickel 7 and cobalt 3.

Aluminium Zinc. Alloys of aluminium and zinc are very hard and take a beautiful polish. An alloy of 97 parts of aluminium and 3 of zinc gives a result that is as white as the pure metal, harder than aluminium 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; zinc, or preferably tin, 17 parts; magnesia, 6 parts; sal-ammoniac, 3 to 6 parts; quicklime, 1/8 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 throwing it on the surface and stirring until it is entirely fused; the crucible is then covered and fusion is maintained for about 35 minutes. The surface 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 80 per cent, 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 Bronzing, Plating and Coloring Metals.

Brittania. This alloy as prepared by Koller consists of 85.72 parts of tin, 10.34 of antimony, 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 oz.; nickel, 1 oz., 11 dwts.; copper, 2 oz. 9 dwts.; No. 2, silver 3 oz.; nickel, 1 oz. 11 dwts.; copper, 2 oz 9 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 thrown 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, ductile and malleable metal, which is rapidly coming into favor for many purposes since the great improvements in its manufacture and the consequent reduction in cost. It can now be purchased in quantities at ninety 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 silvery 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 overcome is 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 aluminium easily unites. See Alloys.

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

AMPLITUDE. The full extent or breadth. As applied to pendulums, the amplitude of a simple oscillation or vibration; properly the distance 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. The recoil escapements used in most house clocks. A variety of the lever escapement made with a very wide impulse pin, is also known as an anchor escapement. Authorities differ as to the inventor of the anchor escapement. Britten gives the credit of the invention to Dr. Hooke, whom he claims invented it in 1675, while Saunier says that the first anchor escapement appears to have been invented in 1680, by Clement, a London clockmaker.

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

In Clement's escapement, the entrance pallet was convex, and the exit pallet concave, and they were afterwards made flat, but in both cases they were found to cut away very fast, owing to the friction when the recoil takes place; to prevent this, they were subsequently made both convex, as shown in the Fig. 6, which lessens the angle, and consequently the friction, at the recoils.


[image: images]
Fig. 5.



There are still people, says Britten, who believe the recoil to be a better escapement than the dead-beat, mainly because the former requires a greater variation of the driving power to affect the extent of the vibration of the pendulum than the latter does. But the matter is beyond argument; the recoil can be cheaply made, and is a useful escapement, but is unquestionably inferior to the dead-beat for timekeeping.

There is no rest or locking for the pallets, but directly the pendulum in its vibration allows a tooth, after giving impulse, to escape from the impulse face of one pallet, the course of the wheel is checked by the impulse face of the other pallet receiving a tooth. The effect of this may be seen on looking at the drawing (Fig. 6), where the pendulum, traveling to the right, has allowed a tooth to fall on the left-hand pallet. The pendulum, however, still continues its swing to the right, and in consequence the pallet pushes the wheel back, thus causing the recoil which gives the name to the escapement. It is only after the pendulum comes to rest and begins its excursion the other way that it gets any assistance from the wheel, and the difference between the forward motion of the wheel and its recoil forms the impulse.
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Fig. 6.



Setting out the Escapement. Draw a circle representing the escape wheel, which we assume to have thirty teeth, of which the anchor embraces eight. Mark off the position of four teeth on each side of the center one, and draw radial lines which will represent the backs of the teeth.

Space between one tooth and the next =[image: images]=12° and 8 spaces=96°. Then [image: images] = equal 48° to be set off on each side of the center.

The distance of the pallet staff center from the center of escape wheel=radius of wheel × 1.4. From the pallet staff center describe a circle whose radius = seven-tenths of the radius of escape wheel, that is, one-half the distance between the escape wheel and pallet staff centers. Tangents to this circle just touching the tips of the teeth already marked, as shown by dotted lines in the drawing, would then form the faces of the pallets if they were left flat. When a tooth has dropped off the right-hand pallet, which is the position of the escapement in the drawing, the amount of impulse is shown by the intersection of the other pallet in the wheel. The impulse, measured from the pallet staff center, is usually from 3 to 4°.

The pallet faces are generally curved full in the middle, as shown in Fig. 5. The object of curving the pallets is to lessen the “pitting” which the wheel teeth make on the pallets. There will, however, be very little “pitting” if the wheels are made small and light, and there is not excessive drop to the escapement.

The advantage of making the backs of the escape wheel teeth radial and the foresides curved, as shown in Fig. 5, is that if the pendulum gets excessive vibration the pallets butt against the roots of the teeth and the points are uninjured.

There is another form of the recoil escapement often used in long-cased clocks, in which the anchor embraces ten teeth of the escape wheel, and the foresides of the teeth are radial. It is shown in Fig. 6. In other respects the construction is substantially the same as the one just described.

ANGULAR GEARING. Toothed wheels of 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 the angular velocities of 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 gyration). 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.—Saunier.
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Fig. 7.



ANNEALING. The process of heating metals and then manipulating 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 a circle, 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 chronometer 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 1805.

ASSAY. To subject an ore, alloy or metallic compound to chemical examination in order to determine the amount of a particular metal contained in it.
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John Arnold.



AUXILIARY. See Balance.

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 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 vibration 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 compensation. 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, while the compensation balance is made of steel and brass combined. 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 thickness 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. It is 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 balance is ready to be drilled and tapped for the balance screws. This method of making balances is known as the “capsule method.”

The Expansion and Contraction of Balances. The American Waltham Watch Co. use a simple little contrivance shown at Fig. 9 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. Fig. 10 illustrates the expansion and contraction of balances. With an increase of temperature the rim is bent inward, thus reducing 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 poise. The balance is then trued, if found necessary, and the operation is repeated until it is found to be in poise after heating. Britten says that it has been demonstrated that the loss in heat from the weakening of the hair-spring is uniformly in proportion to the increase of temperature. The compensation balance, however, fails to meet the temperature error exactly, the rims expand a little too much Original Position of Rim. Position Under Extreme Cold. Position Under Extreme Heat. with decrease of temperature, and with increase of temperature the contraction of the rims is insufficient, consequently a watch or chronometer can be correctly adjusted for temperature at two points only. Watches are usually adjusted at about 500 and 850. In this range there would be what is called a middle temperature error of about two seconds in twenty-four hours with a steel hair-spring. The amount of the middle temperature error cannot be absolutely predicated, for in low temperatures, when the balance is larger in diameter, the arc of vibration is less than in high temperatures when the balance is smaller, and consequently its time of vibration is affected by the isochronism or otherwise of the hair-spring. Advantage is sometimes taken of this circumstance to lessen the middle temperature error by leaving the piece fast in the short arcs. To avoid middle temperature error in marine chronometers various forms of compensation bal ances have been devised, and numberless additions and auxiliaries have been attached to the ordinary form of balance for the same purpose. Poole's auxiliary, shown in Fig. 11, and Molyneaux's, shown in Fig. 12, may be taken to represent the two principles on which most auxiliaries are constructed. Poole's consists of a piece of brass attached to the fixed ends of the rim and carrying a regulating screw, the point of which checks the outward movement of the rim in low temperature. Molyneaux's is attached to each end of the arm by a spring, the free ends of the rim acting on it in high temperatures only. Fig. 11 illustrates this auxiliary when the temperature has been raised, its free ends, to which the adjusting screws are attached, having approached nearer the center of the balance, carrying with them the free ends of the auxiliary, so that the small projection no longer comes in contact with the short end of the balance rim, as it would in a temperature of 55°. This auxiliary is made of steel.
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Sizes and Weights of Balances. The size and weight of the balance are two very important elements 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 impracticability 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 pendulum, 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 to be overcome, according to the extent and number of vibrations aimed at; and, second, to that of friction affecting the motion of the balance and incidental to it. In an 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 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 represented by its circumference, a. given point in 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 imparted 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 distance 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 multiply 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 which 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 contending 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 momentum 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 momentum, unlock the escapement with less retardation than a light one; but, on the other hand, the acceleration 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 power, constituting as it does relatively a more variable force. In argument 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 balance 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 observation of certain symptoms which do exist, to determine that which by other means cannot be done. During the progress of horology, similar 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 running. 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 running of the watch during all the changes of an unequal 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 of 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 manipulations are, in the poising, simple, provided all the parts are in condition 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 regarding the essential features will be well, and help to make clear some points that follow in the poising instructions. The parallel bars for the use of watch repairers with the following 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 [image: ] of an inch thick and the bar ¾ 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 without 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 burnishing 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 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 parallels 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 handled.
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Fig. 13.



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 as the [image: image] 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 [image: image] of an inch long, and this is the part of the pivot that is to be exactly concentric with the center of gravity of the balance after poising is accomplished and is that 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 [image: image] 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 it on the top or light side.
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Fig. 14.



It will take a little practice to poise in this first operation, and there are several points to look at. First, 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 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 put into a split chuck and a little turned away from the under side of the head, or a washer† can be put under the head of the top screw, and this method pursued till a reasonably fine poising is obtained. In these operations all the points relating should be well considered, 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 at the 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 described, 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 respect 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 proceed as described and leave these screws to be moved in timing afterward, if required, as it helps to make that operation easy. When a balance has four screws they may be moved to do all the poising 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 adjustments in poising and timing can be easily performed with greater certainty 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 diameter 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 may 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 cylindrical 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 cylindrical 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 fitted 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 examine; 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 vibration, and if the balance is actually out, it will roll and then remain with the heavy side down. 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 anything. 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 parallels, 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 staff.

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, 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 a 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 is advisable to test again for position, but it is generally unnecessary, as this will not disturb the poising only in exceptional 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 alterations 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 adjustment.

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 operation of poising by the parallels does not comprehend the whole, nor the very nicer requirements. In any case the most careful mechanical poising 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 will 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 investigate 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 balance 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, until 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.

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 balance is near the center, the arms can stand pointing to 6 and 12, or 3 and 9, as the most convenient. In requiring balance arms to stand in some fixed relation to prominent points of the movement, the manipulations 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 manipulations are 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 attained, 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 mistakes, 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 compassed 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 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 would 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 2½ 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 philosophy 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 philosophy, we should make a mistake in moving the screws.

In practice it is not necessary to make only tests for 3 and 9, 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 running watch are for some indications just reversed, and this is due to the action of lever and hairspring on the balance, with gravity in one case and to gravity alone in the other. In experimenting with the running 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 mainspring 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. If a 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 supposed 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 matter, and any movement when in perfect poise for a balance motion of ¾ of a revolution, each side of the center or dead point (1½ revolution) would not be found in as accurate poise for ¾ of a revolution. A balance making one and a half revolutions, to a certain extent, is self-correcting, as 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 of any kind and so is the easiest to realize perfect poising. The American 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 it left the factory, only changed its rate about three seconds for the four positions. This could not be realized in any medium grade of foreign watch, and I presume this is not 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 perfection. J. L. 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 balance in an upright position. In some of the old English and French full plate watches the balance cock was spread out to cover the entire balance, as shown in Fig. 15, and was sometimes artistically wrought and set with precious stones.

BALANCE PROTECTOR. No matter how careful a person may be, accidents will happen, and the least accident to a compensation balance gives the workman considerable trouble. The Arrick patent balance protector, Fig. 16, is intended for guarding balances from contact 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 the balance by two screws. The Bullock protector, shown in Fig. 17, is designed to protect the balance and other wheels from heat while drawing the temper from staff or pinion for the purpose of pivoting.
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Fig. 15.
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Fig. 16.
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Fig. 17.



BALANCE SCREW WASHERS. All watch adjusters and expert repairers time their watches by the balance screws, without unpinning 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 adjustment 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 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 poising 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 watchmaker must, however, rely upon his mechanical ability, and even in the large cities the workman will have to make his own staffs when repairing 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 The American Jeweler, 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 A, Fig. 18, will be found very useful.† It is made from a piece of brass rod, threaded to fit the lathe spindle and bored out to receive 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.
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Fig. 18.



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 endwise into oil. Re-chuck in the lathe, and while revolving, whiten by applying a No. 000 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 the measurements of heights of a staff.‡); It consists of a hollow sleeve A, terminating in a foot B. Through this is screwed the rod C, terminating in 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 jewels 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 A. The roller is indicated at c and the lever fork at d, After the adjusting of the roller is completed, remove the tool and apply it to the rough staff as indicated in Fig. 21, at A, 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 e, so 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 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, or gauge the holes with a taper arbor or a round broach, and then take the size from the broach with calipers.
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Fig. 19.
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Fig. 20.
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Fig. 21.



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 A, in Fig. 22, is shown the gauge, each division of which corresponds to about [image: images] an inch. Slip the jewel on the broach as far as it will go without forcing, as shown at B Fig. 22, and then take the size of the broach, 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.
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Fig. 22.



The best shape for the pivots is shown in Fig. 23, known as conical pivots; the straight portion of the pivot which enters the jewel hole being truly cylindrical and about [image: images] of an inch long. 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; A 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 excellent for beginners and others who find it difficult to hold the shoulder square and at right angles to the staff E 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.
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Fig. 23.
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Fig. 24.



Next in importance is the position in which the graver is applied to the work. It must, under all circumstances, cut and not scrape. If held as shown at A, Fig. 25, it will cut a clean shaving, while if applied as at B, it will only scrape. If held 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 would yield and no harm would be done, while if held as at C, the force of the cut would be downward upon the rest, as indicated by the arrow, and the unyielding catching would be dangerous.
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Fig. 25.



The roughing out should be done with the point of the graver held as at C, Fig. 25, and then finished with the edge held diagonally as at A, 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 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 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.
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Fig. 26.



The pivot and seat of the roller should be left slightly larger than required, 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 iron or steel of the shape shown B is a bell-metal Fig. 27. polisher, and may also be made of box wood. A should be used with oil-stone powder and oil, and B with crocus and diamantine for polishing.
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Fig. 27.



When the staff is finished from the lower pivot to the seat of the balance, 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 a wax chuck even if you use a split chuck, for the lower part of the staff is tapered and it is ten chances to one that you could select a split chuck that would 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 6o°, 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 jewels removed, and if the cock has been dent 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 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.
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Fig. 28.



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, again heated and centered. The turning and finishing is to be done as previously described. The seat 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 balance, which should first be poised as described on page 27.
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Fig. 29.



BANKING. In a lever watch, the striking of the outside of the lever by the impulse pin owing to excessive vibration of the balance. In a horizontal or verge, the striking of the pin in the balance against the fixed banking stud or 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 watch, 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 of the watch, producing under unfavorable circumstances great differences 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 escapements are also known as banking pins. The two pins in the balance arm which limit the motion of the balance spring in pocket chronometers are also known as banking pins.

BANKING SCREW. An adjustable screw in the chronometer escapement, the head of which regulates the amount of locking by forming a stop for the pipe of the detent.

BARLEYS. The little projections formed by the operation of engine-turning.

BARLOW, EDWARD. A clergyman who invented the rack striking work for clocks in 1676. With this mechanism clocks could be made to repeat the hour at will, and its popularity on this account led to the introduction of repeating watches a few years later. Barlow and Quare both applied for a patent for repeating watches, and the English government decided in favor of the latter in 1687.

BAR MOVEMENT. A watch movement in which the top plate is omitted and the upper pivots of the movement are carried in bars. A bar movement is sometimes called a “skeleton” movement.

BAROMETRIC ERROR. The alteration in the timekeeping of a clock due to changes in the density of the atmosphere through which the pendulum has to move. Chronometers and watches are doubtless affected from the same cause to a lesser extent. Experiments by Mr. Ellis showed that if a magnet were fixed vertically to a pendulum, just above the pole of another magnet attached to the clock case, the rate of the clock could easily be altered by causing the magnets to recede from or approach each other. When the adjacent poles of the two magnets were similar, the repulsion retarded the clock, and the attractive power of dissimilar poles caused it to gain. Taking advantage of this fact, he devised a barometric compensation for the standard sideral clock at the Greenwich Observatory, where it answers admirably. Two bar magnets, each about six inches long, are attached to the pendulum bob, one behind and one in front. The latter is marked a in the engraving. A lever resting at A on knife edges carries a horse-shoe magnet b, whose poles are exactly under the bar magnets and about 3.75 inches below them. At the other extremity of the lever is a rod (d) carrying a float e, which rests on the mercury in the short leg of a barometer, as shown. The area of the cistern part of the short leg is four times the area of the upper part of the barometer tube, so that a variation of one inch in the barometric pressure would affect the height of the mercury in the cistern but .25 of an inch. As the clock gained with a falling barometer, the bar magnet over the south pole of the horseshoe magnet was placed with its north pole downwards, and the bar magnet over the north pole of the horse-shoe magnet with its south pole downwards, so that there should be attraction between the bar magnets and the horse-shoe magnet. The bracket supporting the knife edges can be shifted, to increase or diminish the action of the magnet, and the lever is balanced by placing the weights in the pan f.
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Fig. 30.



BARREL. The circular brass or steel box that encloses the mainspring of a watch or clock.

BARREL ARBOR. The barrel axis, around which the mainspring coils. M. Roze calls attention to the importance of the proper diameter of barrel arbors, and points out that if the arbor is too 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 distorted 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.

BARREL HOOK. A hook in the barrel to which the mainspring is 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 1859. Mr. P. S. Bartlett, after whom these movements were named, was born in Amesbury, 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 foreman 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 company for five years, as foreman of the plate and screw departments. He was for seven years assistant superintendent and general graveling 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 escapement 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 said 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 following 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.

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 pendulum. The pins at the end of the gravity arms that give impulse to the pendulum in a gravity escapement.
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Fig. 31.



BELL METAL. See Alloys.

BENCH, An excellent arrangement for a watchmaker's bench is shown in Fig. 32. This bench was designed by G. W. Laughlin and is complete in every detail. Benches can be purchased ready made from almost any tool and material house in the country but many prefer 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 latest designs on the market, the points claimed for it being 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 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 Lathe 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.
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Fig. 32.
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BENZINE. A light oil of petroleum used for cleaning movements, For directions for use see Watch Cleaning.

BERTHOUD, FERDINAND. A Swiss horologist who was bom in 1729 and died in 1807. At the age of nineteen he visited Paris, never 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. He published 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 together stand at an angle to each other.

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

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 bites 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 operating melting furnaces. It is simple compact, portable and powerful; giving a steady blast of air at a pressure of from one to nearly two pounds to the inch. Two patterns the air reservoir on the top of the bellows, and the other like the one reservoir or its net, by dropping tools or corrosive liquids upon them.
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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 similar purposes.

Fig. 36 shows the automatic hand blow-pipe, which is used in connection with the foot-blower. One of the rubber tubes shown is 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 smallest 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 A, 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 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.
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Fig. 36.
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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. It is 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 hole and also on the piece of wire and screw it firmly into the mainspring 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 accommodate all sizes of watch screws, and the tool is ready for use. Bluing pans, similar 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 alcohol lamp flame until the color desired appears. Heat up slowly and the effect will be much better than if it is done 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.


[image: images]
Fig. 38.
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Fig. 39.



Soft screws are sometimes very difficult to blue evenly, but this difficulty may be overcome by finishing them with a slightly soapy burnisher. 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 tine 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 for boiling steel pieces in alcohol to remove shelly 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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Fig. 40.



The pan, which is shown at Fig. 40, will also be found useful for tempering small steel articles by boiling them in oil.

BORT. A collective name for diamonds of inferior quality, especially 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 is used for cutting and polishing diamonds and other precious stones; also the steel work of watches, and other instruments of precision.

BOTTOMING FILE. A file constructed like those shown in Fig. 41, so that it may be used for filing sinks, or other depressions, where an ordinary file cannot be brought into use.
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Fig. 41.



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 whalebone, 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 Tightener.

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 pencils as well.
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Fig. 42.



BOW PEN. A metallic ruling 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 mathematical 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.

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, 1½ 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 of oil of turpentine, 60 of soft soap, and 65 of fat oil. The polishing agent is 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 potash, 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 5 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 rainbow color.

Lacquers for Brass.1. Dragon's blood 40 grains; seed lac 6 ounces; amber and copal, triturated in a mortar, 2 ounces; oriental saffron, 36 grains; alcohol 40 ounces; extract of red sanders ½ dram; coarsely powdered glass 4 ounces. 2. Gamboge, seed lac, annatto, dragon's blood, each 1 ounce; 3½ pints alcohol, ½ ounce saffron.

Gold Lacquer for Brass. Twenty four grains extract red sanders wood in water, 60 grains dragon's blood, 2 ounces amber, 6 ounces seed lac, 2 ounces gamboge, 36 grains oriental saffron, 36 ounces pure alcohol, 4 ounces powdered glass. The amber, gamboge, glass, dragon'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 strain.

Lacquer for Brass. Coat it with the following varnish; 1 part while shellac and 5 alcohol; 1 shellac, 1 mastic, 7 alcohol; or 2 sandarac, 8 shellac, 1 Venetian turpentine, 50 alcohol; or, 12 parts sandarac, 6 mastic, 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 copper wire in nitric acid, weakened by adding, say, three or four parts of water to one of acid. The article to be blackened is made hot and dipped into the solution; it is then taken out and heated over a Bunsen burner or spirit lamp. When the article is heated, the green color of the copper first appears, and as the heat is increased the article becomes of a fine dead black. If a polished surface is desired, finish with a coat of lacquer. This process is the very best for fine work, though articles soft-soldered cannot be safely subjected to it. For such, and rough work generally, the following, which is equally applicable for zinc and other metals, may be substituted: Mix lampblack on a stone with gold size; if a dull black is desired, make it to a very stiff paste; if a more polished surface, then use more gold size. Add turpentine to thin it, and apply with a camel's hair brush

BREGUET, ABRAHAM LOUIS. Born in Switzerland in 1747 and died in Paris in 1823. An eminent watchmaker of French parentage, 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 pendulum 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 for burnishing pivot holes. Care should be taken to see that the handles of jour 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 centered in it without much trouble. In 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 rouge 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 success, 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 cloth is glued. They are used to reduce the surfaces of metal. Fig. 43 illustrates a ring buff used for polishing the inside of rings, preferably used on a polishing lathe.
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Fig. 43.



BULLSEYE. A thick watch resembling a bull's eye in shape. A term usually applied to old fashioned English verge watches.

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 with it. Saunier gives the following method of re-facing a burnisher: 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 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 to dry. In using this lap, 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 so on. By proceeding in this manner all risk of rounding the angle will be avoided .


[image: images]
Fig. 44.



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

Bushing Pivot Holes. The bush may be either a turned or tapped one. A bush is selected as small as the 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 accurately 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 the lathe. A tapped bushing is very firm, but 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 skillfully 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 centering, 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 steps in 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, turn out a recess, the size and a trifle 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.
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