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PREFACE

In compliance with suggestions from readers of previous issues, various additions have now been made. In particular, the description of the Westminster great clock is given in greater detail. Probably the death of Lord Grimthorpe awakened renewed interest in his work, for I received several letters asking for more minute particulars.

Alterations have been made in the German equivalents on the recommendation of Mr. Heinrich Otto, who has, in addition, entirely revised the German List in the Appendix. I have also to thank Mr. Otto for corrections relating to other matters in the book. The French equivalents remain as originally furnished by Mr. Mairet.

On many occasions I have been asked to give readers some instructions respecting mechanical drawing, but really there is so little to tell. The art of watch or clock making cannot be learnt from books alone, there must be much practice if one desires to excel, and so it is with mechanical drawing. Nothing will so much assist the learner to understand the functions of a machine and of its different parts as drawing to scale, and if he has what I will venture to call the instinct of the mechanician, proficiency will come with practice.

The young draughtsman should be provided with a drawing board and tee square of half-imperial size, half-a-dozen drawing pins, drawing paper, an H. and an H.B. pencil, a 45° and a 60° set square, a good set of compasses jointed in both legs, ink and pencil bows for small circles, a ruling pen, a four-inch protractor of thin horn, a box-wood scale divided on both sides and both edges, a piece of india-rubber, two or three pallets, and either a large stick of Chinese ink or a bottle of fluid Indian ink, but not a horn centre.

For an intricate drawing the paper is best damped and fixed to the board by gluing a narrow margin all round the edge, but it is generally sufficiently secured by a pin at each corner. Care should be taken to press the pins down so that the heads clasp the paper, otherwise the least disturbance from cleaning with rubber will cause the paper to shift. The H pencil should be sharpened to a chisel-shaped edge, so as to get the full width of the lead in drawing. Keep the stock of the square close to the edge of the board with the left hand, and hold the pencil quite upright and low enough to allow the little finger of the right hand to slide along the blade of the square as you draw the line, so that if the blade is a little warped you ensure its contact with the paper. See that the central point of the compasses is sharp, and, in using the compasses, bear very lightly, turning always the same way. Keep the central leg upright, bending the joint for every different size of circle, for if the point describes a cone it will be impossible to keep the prick point in the paper small. Ink in curves and circles before straight lines, beginning with those of least radius.

Several correspondents have suggested that fuller particulars of eminent members of the craft would be of interest. But I found it would be inconvenient to include such biographical sketches, together with descriptions of early timekeepers, in a book intended primarily for workshop use, and so I was led to issue a separate volume; and I refer those who take special interest in the history of horological instruments to “ OLD CLOCKS AND WATCHES AND THEIR MAKERS,” with which is incorporated a List of Former Craftsmen.

In this edition of the Handbook the remarks on Watch Springing have been extended to suit especially the needs of those who do such work occasionally. For a more comprehensive study of the subject is recommended a book entitled, “ WATCH SPRINGING AND ADJUSTING.”

I have received so many appreciative letters, that I venture to ask those who think well of my books to favour me by recommending them as opportunity occurs.

F. J. B.

I, Silverdale Avenue, 
Westcliff-on-Sea, Essex. 
September, 1907.



Mr. F. J. Britten died on 11th April, 1913.

The 11th edition was reprinted January, 1915, with one or two slight corrections and additions.



At my request Mr. Otto has kindly revised the whole of the German equivalents, for which I tender him my thanks.

My thanks are also due to Mr. James Savidge, Secretary of the British Horological Institute. who has given me great assistance in putting the book to press.

A. M. BRITTEN.





THE WATCH & CLOCK MAKERS’ HANDBOOK,


DICTIONARY, AND GUIDE.

NOTE—French and German equivalents, printed in italics, refer to the first definition in cases where the title has more than one meaning.


Acceleration.—[Accélération.—Die natürliche Gangbeschleunigung .]—Gaining on its rate. It is noticed that new chronometers and watches, instead of steadily gaining or losing a certain number of seconds each day, go faster day after day. There is no certainty as to the amount or ratio of this acceleration, nor as to the period which must elapse before the rate becomes steady, but an increase of a second a month for a twelvemonth may be taken as the average extent in marine chronometers.

It is pretty generally agreed among chronometer-makers that the cause of acceleration is seated in the balance-spring, though some assert that centrifugal action slightly enlarges the balance if the arc of vibration is large, as it would be when the oil is fresh, and that as the vibration falls off, centrifugal action is lessened and acceleration ensues from the smaller diameter of the balance. Though the balances do undoubtedly increase slightly in size in the long vibrations from centrifugal action, this theory is disposed of by the fact that old chronometers do not accelerate after re-oiling. Others aver that the unnatural connection of the metals composing the compensation balance is responsible for the mischief, and that after being subjected to heat the balance hardly returns to its original position again. If true, this may be a reason for exposing new chronometers before they are rated to a somewhat higher temperature than they are likely to meet with in use, as is the practice of some makers ; but then chronometers accelerate on their rates when they are kept in a constant temperature, and also if a new spring is put to an old balance, or even if a plain uncut balance is used.

It is noticed that when the overcoil of a balance spring has been much bent or “ manipulated ” in timing, the acceleration is almost sure to be excessive. This is just what might be expected, for a spring unduly bent so as to be weakened but not absolutely crippled, recovers in time some of its lost elasticity. But however carefully a spring is bent the acceleration is not entirely got rid of, even though the spring is heated to redness and again hardened after its form is complete. 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. As a proof that the acceleration is due to the bending of the overcoil, Mr. Hammersley asserts that, if the spring of an old chronometer is distorted and then restored to its original form, the chronometer will accelerate as though it were new. Helical springs of small diameter have been advocated by some as a means of lessening acceleration, on the ground that the curves are less liable to distortion in action than when the springs are larger. Springs elongate in hardening, and it has been suggested that they afterwards gradually shorten to their original length and so cause acceleration, but there does not seem to be much warrant for this assumption. Unhardened springs do not accelerate, but then they rapidly lose their strength, and are therefore not used. Flat springs do not accelerate so much as springs with overcoils. Palladium springs accelerate very much less than hardened steel springs.

Addendum.—[Arrondi.—Die Wälzungshöhe].—The amount added to the tooth of a wheel or pinion beyond the pitch circle. (See Wheels and Pinions.)

Adjusting for Temperature.—[Réglage aux températures.— Die Kompensationsberichtigung.]—The operation of arranging the weights or screws of a compensation balance so that its vibrations will be performed as nearly as possible in the same time throughout a certain range or temperature. (See Compensation Balance.)

Adjusting Rod.—[Levier à fusée.—Die Abgleichstange für die Schnecke.]—A lever having at one extremity a hollow square with set screw for attaching it to a watch or clock fusee or barrel, and furnished with sliding weights for balancing the pull of the mainspring. Mr. Charles Frodsham balanced the weight of the rod itself by means of a small ball, and marked a scale on the stalk, so that the pull of different springs could be registered in dwts. and ozs. For the appended sketch of his adjusting rod I am indebted to Mr. H. M. Frodsham.

In cutting a fusee, the upper or small end should be left rather too large than too small. The pull of the lower and upper turns may then be equalised by setting up the mainspring, which strengthens the lower turns. But if with a fusee the lower turns are already too strong compared with the upper, it is indicative of a mainspring too weak or a fusee too small at the top, and the only choice of remedies is to change the spring or recut the fusee, unless the spring is hooked on to a pin in the barrel, or has some other kind of yielding attachment, in which case the upper turns may be slightly strengthened by substituting a hook in the spring to form a more rigid attachment. (See Mainspring.) A more elastic mainspring is a good and easy remedy in most cases, especially where the old spring is too small in diameter when out of the barrel and opened to its greatest extent. If the spring is already sufficiently strong, and no adjustment can be obtained, a stronger one should hardly be resorted to. Fusees, in many instances, do not procure a perfect adjustment of the spring. A clinging of the coils often causes an apparent fault in the adjustment by the fusee. With the weight at the proper position on the rod, the power may be equal upon winding up the first, second, third, and fourth turns, but the spring may not let down with equal power. The fourth turn unwinding may show less power than when wound, the turns increasing in power as the spring is let down. Springs that are of too small diameter when out of the barrel, are incapable of being adjusted. For a fusee watch the mainspring should be about four times the diameter of the barrel when out of it.

[image: e9781616082055_i0002.jpg]


Alarum.—[Réveil. Der Wecker.]—Mechanism attached to a clock by which at any desired time a hammer strikes rapidly on a bell for several seconds. Generally, a separate weight or spring actuates an escape wheel, to the pallet staff of which a hammer is fixed to act on the inside edge of a hemispherical bell. The alarum is usually let off by a wire attached to the hour wheel lifting a detent that stops the escape wheel. (See also “ Striking Work.”) In the “ Speedwell ” alarum the same mainspring serves for the going train and the alarum as well. The great wheels of the going and alarum trains are mounted on the winding arbor, one on each side of the mainspring. The wheels are loose, and driven by ratchets and clicks to allow of the arbor being reversed to wind the spring, the outer end of which is attached to the great wheel of the going train. When the alarum is let off, the force of the spring will cause the winding arbor to turn and carry with it the great wheel of the alarum train. But the problem is to lock the spring again when the alarum has run its course. On the winding arbor is a pinion with coarse teeth taking into a segment having a strong butt which forms the alarum stop. In winding, the first turn of the arbor winds the alarum stop, if it is down, and a missing tooth in the segment allows the winding of the going train to proceed in the usual way. This will be made clear by an inspection of Figs. 1 and 2, where the pinion and segment are shown as they appear before and after winding. There is a light spring which presses against a pin in the segment when it is wound, thus keeping the butt away from the pinion, and ensuring the engagement of the pinion and segment teeth when the alarum is let off. The arrows in Fig. 1 indicate the course of the wheels in winding, and the arrow in Fig. 2 the direction in which the segment will move when the alarum is in action.


[image: e9781616082055_i0003.jpg]

Fig. 1.
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Fig. 2.




All or Nothing Piece.—[Tout-ou-rien.—Die Alles oder Nichts Sicherung.]—The part of a repeating watch that keeps the quarter rack off the snail until the slide in the band of the case is pushed round. While the quarter rack is locked, the lifting piece of the hour hammer is kept free of the twelve-toothed rack, so that the hours cannot be struck till the quarter rack has fallen. The watch must therefore strike all or nothing. Invented by Julien Le Roy. Many Swiss watchmakers call this piece, as it is arranged in modern repeaters, the “ressort de crochetment,” or hooking spring.

Anchor Escapement.—[Echappement à ancre.—Die Ankerhemmung mit Rückfall.]—The Recoil Escapement used in most house clocks.

(2) There is also a variety of the Lever Escapement with a very wide impulse pin, which is sometimes called an Anchor Escapement.

The Recoil Escapement, Fig. 1 (invented by Dr. Hooke about 1675), is the one most generally applied to the ordinary run of dials and house clocks. When well made it gives very fair results, but the pallets are often very improperly formed, although none of the escapements is easier to set out correctly.

There are still people 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 regulators and other fine clocks with seconds pendulums.

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. 1), where the pendulum, travelling to the right, is allowing 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.


[image: e9781616082055_i0005.jpg]

Fig. 1.




To set out the Escapement.—Draw a circle representing the escape wheel. We will assume the wheel is to have thirty teeth, and that the anchor is to embrace seven and a half spaces.


[image: e9781616082055_i0006.jpg]

Fig. 2.




NOTE.—Space between one tooth and the next = [image: e9781616082055_i0007.jpg] = 12 ; and 7[image: e9781616082055_i0008.jpg] spaces =90°. Then [image: e9781616082055_i0009.jpg] = 45°.

Set off, with a protractor, the two radial lines a and b, each making an angle of 45° with the vertical centre line.

Disregarding recoil, the pallets in turn will be in contact with the wheel teeth for nearly the remaining half space, but not quite. The tip of each tooth may be taken to be in width equal to half a degree, and there must be freedom or drop besides. We will, therefore, take 5° to represent the acting part of the pallet.

Then 2[image: e9781616082055_i0010.jpg]° on each side of a will serve to mark the acting part of the left-hand pallet and 2[image: e9781616082055_i0011.jpg]° to the right of b marks the point of the right-hand pallet.

The backs of the teeth are radial and they may now be put in, starting at the line b.

Where the line a cuts the circle representing the tips of the wheel teeth draw a tangent through the vertical centre line ; this will indicate the position of the pallet staff centre.

The distance of the pallet staff centre from the centre of the escape wheel will be found to be equal to the radius of the wheel x 1.4. From the pallet staff centre describe a circle (c) whose radius = seven-tenths of the radius of the escape wheel, that is, half the distance between the escape wheel and pallet staff centres.

Tangents to this circle would form the faces of the pallets if they were left flat as shown by dotted lines.

Between the radial line to the left of a and the tip of the adjacent tooth on the left there remains a space equal to 1°, which represents the allowance for drop. If the tips of the wheel are thick and the work rough, more than 1° of drop may be necessary, and then the angle of 5° would have to be correspondingly reduced.

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 centre, is usually from 3° to 4°.

The pallet faces are generally curved full in the middle, as shown in Fig. 1. 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. 1, 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. 2. In other respects the construction is substantially the same as the one just described.

Annealing.—[Recuire.—Erweichung durch Hitze..]—Softening. Steel is annealed by heating it to redness and allowing it to cool gradually. Gold, silver, brass, and copper are annealed by heating to redness and plunging in cold water.

Arbor.—[Arbre.—Die Welle. Der Drehstift.]—Axis. Watchmakers’ arbors on which work is mounted for turning have usually either a ferrule or, since the more general adoption of hand and foot wheels, a carrier pin for communicating a rotary motion. Cork arbors such as are shown in Fig. 1 are useful for holding watch glasses that require to be reduced in size. The glass to be reduced is placed between the two corks, and the arbor may then be rotated in the turns. A broken watch glass wetted is generally used for grinding down the glass between the corks. Fig. 2 is very similar to Fig. 1, but is more adapted for holding watch dials. (See also . “ Eccentric Arbor ” and “ Screw Arbor.”)


Fig. 1.
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Fig. 2.




Arnold, John (born in Cornwall, in 1736; died at Well Hall, near Eltham, Kent, in 1799). He invented the helical form of balance spring (Patent No. 1113, Dec., 1775), and devised a chronometer escapement (Patent No. 1328, May, 1782) very closely resembling the one by Earnshaw, which is now in use. In Arnold’s Escapement the escape wheel teeth, instead of being flat where they gave impulse, were epicycloidal curves; but they required oiling, and were consequently abandoned. While Earnshaw’s wheel is locked on the points of the teeth and the detent moves away from the centre of the wheel to unlock, Arnold’s locked on the heel of the tooth and the detent moved toward the centre of the wheel to unlock, the sunk part of the body of the wheel allowing the locking stone to pass. His business was, after his death, carried on at 84, Strand, by his son, John R. Arnold.

[image: e9781616082055_i0014.jpg]


Assaying.—[Essai.—Die Schmelzprobe.]—The following is the usual process of gold assay. A portion of the metal to be assayed is very carefully weighed, and with a proportion of silver and lead is placed in a cupel, that is, a small bowl made from compressed bone ash, and subjected to heat in a muffle furnace. The baser metals oxidise and pass into the pores of the cupel, leaving a button of gold and silver. This button is rolled into a thin ribbon, which is heated to redness to anneal it, and then coiled up and boiled in nitric acid to extract the silver. The pure gold remaining is then washed, again annealed, and carefully weighed; the difference between it and the original weight represents the amount of alloy. The weighing, and indeed the whole operation, requires to be conducted with exceeding exactness. The amount of silver and lead added before cupelling varies, according to the judgment of the assayer after examination of the metal to be tested ; twice or three times as much silver, and five or six times as much lead as there is gold being an average proportion.

Silver.—The silver to be assayed is wrapped in lead and cupelled in the same way as in the gold assay just described the second operation of boiling in nitric acid being omitted.

For assaying very small quantities of gold and silver a blowpipe may be used in place of the muffle furnace, and in experienced hands a very close approximation may be obtained. (See also Touchstone.)

Astronomical Clock.—[Horloge astronomique.—Die astronomische Pendeluhr.]—(1) A clock showing the comparative motion of the heavenly bodies.

(2) A clock with the hour circle divided into 24.

Ferguson’s Astronomical clock is shown in Figs. 1 and 2. Fig. 1 is the dial, which is made up of four pieces. (1) The outer ring divided into the 24 hours of the day and night, and each hour sub-divided into 12, so that each sub-division represents 5 mins. of time. (2) The age-of-the-moon ring, lying in the same plane as the hour ring, is divided into 29-5 equal parts, and carries a fleur-de-lis to point out the time on the hour circle. A wire (A) continued from the fleur-de-lis supports the sun (s). (3) Within, and a little below, is a plate, on the outer edge of which are the months and days of the year ; further in is a circle containing the signs and degrees of the ecliptic. Further in, on the same plate, the ecliptic, equinoctial, and tropics are laid down, as well as all the stars of the first, second, and third magnitude, according to their right ascension and declination, those of the first magnitude being distinguished by eight points, the second by 6, and the third by 5. (4) Over the middle of this plate, and a little above it, is a fixed plate (E) to represent the earth, around which the sun moves in 24 h. 50-5 m., and the stars in 23 h. 56 m. 4.1 s. The ellipse (H), which is drawn with a diamond on the glass that covers the dial, represents the horizon of the place the clock is to serve, and across this horizon is a straight line even with the XII.’s to represent the meridian. All the stars seen within the ellipse are above the horizon at that time.


[image: e9781616082055_i0015.jpg]

Fig. 1.




Fig. 2 shows the astronomical train, which is between the front plate of the clock and the dial. The earth (E) is stationary, and is supported by a stalk fixed to the front plate. The hollow axis of the frame that turns once in 24 hours, works on this stalk.1 Fixed to the stationary stalk is a pinion of 8 (A), which gears with a wheel of 35 (B) and with a wheel of 50 (c). On the top of the axis of B is a pinion of 8 (E), which turns a wheel of 54 (F), running on the pipe of the 24-hour frame, and carrying the moon round by the wire B in Fig. 1. This wire has a support fitted to the arbor of F. On the top of the pipe of the 24-hour frame is a wheel of 20, gearing with a wheel of 20, having two sets of teeth, one on the edge and the other on the face. It is pivoted to the moon wire support, and the face teeth gear with another wheel of 20 that carries the moon wire. On the axis of C is a pinion of 14 (G) that turns a wheel of 69 (H), on whose axis is a pinion 7 (1) turning a wheel of 83 (K). This wheel is pinned to the sidereal plate of the dial. The age-of-the-moon ring is attached by pillars to the 24-hour frame, and turns with it. The moon is represented by a round ball, half black and half white.
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Fig. 2.




Auxiliary.—[Compensation auxiliare.—Die Hilfskompensation.]—A device attached to a compensation balance for the purpose of reducing what is called the “ middle temperature error.” Molyneux’s and Poole’s may be taken to represent the two principles on which most auxiliaries are constructed. Molyneux’s (Fig. 1) is attached by a spring to each end of the central arm, and is acted on by the free ends of the rim in high temperatures only. A screw in the end of the rim and another in the auxiliary serve to adjust the action as may be required. Molyneux’s patent also covered the use of a short laminated arm instead of the spring by which the auxiliary is attached to the central arm, and many successful auxiliaries are now made in that way. (See Mercer’s Balance.) Poole’s (Fig. 2) 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 temperatures.
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Fig. 1.
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Fig. 2.




Balance.—[Balancier.—Die Unruh.]—The vibrating wheel of a watch or chronometer which, in conjunction with the balance spring, regulates the progress of the hands. The time in which a balance will vibrate cannot be predicated from its dimensions alone. A pendulum of a given length always vibrates in the same time as long as it is kept at the same distance from the centre of the earth, because gravity, the force that impels it, is always the same ; but the want of constancy in the force of the balance spring, that in watches and chronometers takes the place of gravity and governs the vibrations of the balance, is one of the chief difficulties of the timer. There is another point of difference between the pendulum and the balance. The time of vibration of the former is unaffected by its mass, because every increment of mass carries with it a proportional addition to the influence of gravity ; but by adding to the mass of a balance, the strength of a balance spring is not increased at all, and therefore the vibrations of the balance become slower.

[image: e9781616082055_i0019.jpg]


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

(2) The distance of its centre of gyration from the centre of motion, or, to speak roughly, the diameter of the balance. From these two factors the moment of inertia may be deduced. 3

(3) The strength of the balance spring, or, more strictly, its power to resist change of form.

I append the usual formula for ascertaining the time of vibration of a balance, though it is difficult of application in actual practice :—

[image: e9781616082055_i0020.jpg]


A being the moment of inertia of the balance, M the moment of elasticity of the spring, L the length of the spring, and π 3.14159. (See moment of Elasticity.)

Sizes of Plain Balances generally used for full-plate watches :—

[image: e9781616082055_i0021.jpg]


The rough rule for a full-plate watch is that the diameter of the balance should be half that of the top plate ; for a three-quarter plate watch that the balance should be the size of the inside of the barrel if a 16,200 train, and a trifle smaller if for an 18,000 train.

Though the diameter of a balance for a given movement is not absolute, it cannot be varied indefinitely even if the moment of inertia is kept the same. With a very large, light balance there is but little friction at the pivots, and the variation between hanging and lying is small. On the other hand, an unduly small and heavy balance, though it is less affected by external influence, has excessive friction at the pivots, and correspondingly large variations between hanging and lying, besides which a fall or jerk is very likely to damage the balance pivots.

Gold balances are preferable to steel. Steel has the advantage of being less affected by alterations of temperature, but, on the other hand, gold is denser than steel, and is not liable to rust nor to be magnetised. (See also Compensation Balance.)

Balance Arc.—[Levée du balancier.—Der Schwingungsbogen.]—The part of the vibration of a balance during which it is connected with the train. A term used only in reference to the lever and other detached escapements.

Balance Cock.—[Coq de balancier.—Der Unruhkloben.]—The standard that in watches carries the top pivot of the balance staff. In some of the old English full-plate watches the top of the balance cock carrying a large diamond end stone is spread out to cover the balance, and often pierced and engraved in a most artistic manner.

Balance Spring.—[Ressort spiral.—Die Spiralfeder.]—Sometimes called “ hair-spring ” and (most improperly) “ pendulum spring.” A long, fine spring that determines the time of vibration of a balance. One end of the balance spring is fixed to a collet fitted friction tight on the balance staff, and the other to a stud attached to the balance cock or to the watch plate. The most ordinary form of balance spring is the volute or flat spiral, as sketched in Fig. 1. A Bréguet spring is a volute with its outer end bent up above the plane of the body of the spring, and carried in a long curve towards the centre, near which it is fixed. Fig. 2 shows an overcoil spring. If a regulator is to be used, the portion of the spring embraced by the curb pins would have to be concentric. M. Phillips, a distinguished French mathematician, laid down certain rules for the form of curve best suited for overcoils, and Messrs. George Walker and W. N. Barber devised a way of forming the curve (see Fig. 3). According to Phillips the conditions to be satisfied by a terminal curve are :—


[image: e9781616082055_i0022.jpg]

Fig. 1.
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Fig. 2.
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Fig. 3.




1st. That the centre of gravity of the curve fall on the line O B making a right angle with O N (N being the starting point of the curve).

2nd. That the distance from the centre of gravity of the curve to the centre of the spring be equal to the radius of the spring squared, divided by the length l of the curve.

Then


[image: e9781616082055_i0025.jpg]


Take the radius of the spring O N as a constant, and l of any convenient length determined by experience ; from these data calculate the distance of the point g from the centre of the spring. From the centre O draw a circle having a radius equal to the distance of the inner side of stud hole from the axis of the balance (the same scale being used as for the rest of the construction). From centre g draw a circle of such a radius as will include the point N ; cut this circle out of uniformly thick material ; this circle will then balance on the point g.

Take a rod of uniform section of the pre-determined length of the curve and place one end on the point N, the other end on the circle drawn for the stud hole ; this rod may then be bent to any form so that the whole system balances on the point g when the conditions for isochronism will be satisfied.

Among English watchmakers overcoil springs are generally called “ Bréguet,” whatever the form of curve employed. For marine chronometers helical springs, in which both ends curve inwards, are universally used. Either helical or Bréguet springs are as a rule applied to pocket chronometers, although a form of spring called “ duo in uno,” invented, I believe, by Mr. Hammersley, is sometimes preferred. The bottom of this spring is in the form of a volute, from the outer coil of which the spring is continued in the form of a helix ; the upper end is curved in towards the centre as in the ordinary helical spring.

A very generally accepted rule is that the diameter of a balance spring for a watch should be half the diameter of the balance (rather under than over).

The dimensions of the spring, its form at the attachments, the position of the attachments with relation to each other, are all factors affecting its controlling power.

The length is important, especially in flat springs without overcoils. By varying the thickness of the wire two flat springs may be produced, each of half the diameter of the balance, but of very unequal lengths, either of which would yield the same number of vibrations as long as the extent of the vibration remained constant ; yet if the spring is of an improper length, although it may bring the watch to time in one position, it will fail to keep the long and short vibrations isochronous. Then, again, a good length of spring for a watch with a cylinder escapement vibrating barely a full turn would clearly be insufficient for a lever vibrating a turn and a half.

The great advantage of an overcoil spring is that it distends in action on each side of the centre, and the balance pivots are thereby relieved of the side pressure given with the ordinary flat spring. The Bréguet spring, in common with the helical and all other forms in which the outer coil returns towards the centre, offers opportunities of obtaining isochronism by slightly varying the character of the curve described by the outer coil and thereby altering its power of resistance.

The position of the points of attachment of the inner and outer turns of a balance spring in relation to each other has an effect on the long and short vibrations quite apart from its length. For instance, a very different performance may be obtained with two springs of precisely the same length and character in other respects, but pinned in so that one has exactly complete turns, and the other a little under or a little over complete turns. This property, which is more marked in short than in long springs, is depended upon by many for obtaining isochronism. A short spring as a rule requires to be pinned in short of complete turns, and a long one beyond the complete turns. In duplex and other watches with frictional escapements, small arcs of vibration and short springs, it will be found that the spring requires to be pinned in nearly half a turn short of complete turns. Marine chronometer springs are found to isochronise better and act truer when pinned in at about a quarter of a turn short of complete turns.

There is no doubt that the less a spring is “ manipulated ” the better. Mr. Glasgow contends that the whole question of isochronism resolves itself into the adoption of a spring of the correct length, and recommends for a lever watch fourteen turns if a flat, and twenty turns if a Bréguet spring is used. He argues that if a spring is too short, the short vibrations will be fast and the long vibrations slow, and that all bending and manipulation of the spring with a view to obtain isochronism are really only attempts to alter the effective length of the spring.

Many who have been in the habit of obtaining isochronism with a lesser number of turns demur to the length given on the ground that alterations in the form and position of the attachments are more effective in short springs. This is true ; but then it is asserted that short springs are more likely to become distorted in use, and it may be taken as a very good rule that a balance spring should be half the diameter of the balance, and have twelve turns if it is a flat spring or eighteen turns if a Bréguet for a lever watch of ordinary size. For small lever watches a turn or two less will suffice. These lengths, it will be understood, only apply where the work is good; with coarse work a shorter spring is required in order to get the short arcs fast enough. Springs for cylinder watches should have from eight to twelve turns.

Watch springs of thick and narrow wire are apt to cockle with large vibrations, while springs of wide and thin wire keep their shape and are more rigid. It is of even greater importance that the springs of marine chronometers subjected to the tremor of steamships should be of wide and thin wire.

Helical springs for ordinary two-day marine chronometers are made from .4 to .54 of an inch in diameter, and about a quarter of a turn short of either eleven, twelve, or thirteen turns. The smaller diameter of spring is advocated on the ground that the acceleration or gaining on their rates noticed in new chronometers may be lessened with a short overcoil. If the overcoil in a watch or chronometer is subjected to any considerable amount of bending, the piece is sure to gain on its rate. Some manufacturers expose new chronometers to a high temperature in the oven for a time, so as to get them to settle down quickly to a steady rate. Other eminent makers declare there is no benefit in doing so. Mr. T. Hewitt tells me that after a chronometer has been brought to time he has removed the balance spring, collet and stud, and subjected them all together to sufficient heat to lower the colour of the spring without materially altering its form or at all affecting the acceleration of the chronometer. Still there is no doubt it is desirable to submit all overcoil springs, whether for watches or chronometers, to a bluing heat after the curves are formed, for the purpose of “ setting ” the curves. Timers of experience say the time-keeping is much more steady and regular when the springs have been so treated.
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Fig. 4—Helica spring.




It is remarkable that while in watches the difficulty is generally to get the short arcs sufficiently fast, precisely the reverse is the case with the marine chronometer, in which the trouble is usually to get the short arcs slow enough. The escapement is not entirely responsible for the difference, because pocket chronometers follow the same rule as watches with lever escapements. The size of the pivots in proportion to the size of the balance is partially the cause, for in very small watches, where of course the pivots are relatively large, the slowness of the hanging position is proverbial, and a shorter spring by a turn or two has often to be substituted. Very quick trains should be avoided on this account. Watches have occasionally been made with 19,800 vibrations, carrying of course correspondingly light balances, and the great trouble has always been to get them fast enough in the short arcs. A balance staff pivot slightly too large for the hole is occasionally the cause of undue slowness in the hanging position of a watch ; a very small reduction in the diameter will in such cases reduce friction and quicken the short arcs.

The relative slowness of the long arcs in marine chronometers is much greater if the rim of the balance is narrow and thin, and the weights large, than if a wider and stouter rim with proportionately smaller weights is used ; for in the former case the greater enlargement of the rim in the long arcs from centrifugal tendency will be more marked. Mr. Kullberg, by substituting a chronometer balance of ordinary proportions for an uncut one, has demonstrated that the effect of centrifugal tendency by increasing the arc of vibration from three-quarters of a turn to a turn and a quarter amounts to twelve or fourteen seconds in twenty-four hours. Mr. Dennison some years ago advocated a method of making the long arcs slower in watches having compensation balances by drilling a small hole in each half of the balance rim, close to the arm, and broaching these holes out as much as should be found necessary to produce isochronism. The larger the holes, the more the balance would expand from centrifugal tendency, which, of course, would have more effect in the long than in the short arcs.

Mr. Robert Gardner insists that the relative proportional inertia of the fourth wheels in marine chronometers and watches accounts for the difference observed in the long and short arcs, and there is no doubt that watches with small fourth and escape wheels are comparatively easy to time. J. F. Cole suggested a stronger mainspring to quicken the short arcs in going-barrel watches.

With single beat escapements, such as the chronometer and duplex, the short arcs are quickened if the drop of the escape wheel tooth on the pallet is decreased ; if the drop is increased the long arcs are quickened. The theory of this appears to be that with more drop in the long arcs (when the balance is travelling faster), the pallet gets farther away before being overtaken by the wheel than it does in the short one, and therefore the amount of impulse given before the line of centres is proportionately less ; and Mr. Robert Gardner asserts that the same effect may be produced by putting the piece out of beat, e.g., if it were desired to quicken the short arcs, the balance spring collet would be shifted so as to bring the pallet more away from the unlocking when the balance spring was quiescent ; but it must not be forgotten that if the piece is out of beat it is more likely to set.

Fig. 5 is a careful reproduction of the curves of a marine chronometer spring. a is the lower coil. The two short lines crossing the spring denote the face of the collet and the face of the stud respectively, and the dotted lines the direction of the ends of the spring, which form nearly a right angle. Occasionally. if the short arcs are fast, the upper turn is slightly bent just as it enters the stud so as to throw the end outward. The pin is then placed on the inside.

Fig. 6 is the lower coil, and Fig. 7 the upper coil of a pocket chronometer spring. It will be observed that the sweep is longer than in the marine chronometer, and that the lower curve is carried rather farther back into the spring than the upper. The spring makes just complete turns, but the upper turn just as it enters the stud has a slight sharp bend throwing the end inwards. This little bend is of the utmost importance, for it has the effect of quickening the short arcs. Pocket chronometer springs are made half the diameter of the balance, and from seven to ten turns.
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Fig. 5.
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Fig. 6.
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Fig. 7.




Bréguet springs are now often used for pocket chronometers. instead of the helical form. Just as good a result can be got with the Bréguet as with the helical, and the latter takes up height, and in consequence is often made too short. There is, though, one advantage in using helical springs for pocket chronometers. The escapement may be banked through the spring, and this is done more readily in the helical form. Mr. Kullberg’s method is to place two nearly upright pins on the balance arm, so close to the spring as to prevent it expanding more than is required for a sufficient vibration. These pins should be slightly inclined to the centre so as to touch the top of the spring first, and thereby stop the balance more gradually.

Two pairs of pliers with curved noses lined with brass are generally used for forming the overcoil of marine chronometer springs. The coil of the spring where the overcoil is to start is grasped by one pair curved exactly to correspond with the spring, and the other pair used to bend the overcoil. The operation looks easy enough, but it really requires great skill to get at once an overcoil of the desired shape.

Palladium Springs.—M. Paillard has introduced balance springs of palladium and some alloy which possess the two great advantages that they do not rust, and are not liable to be magnetised. These springs, therefore, are often applied to watches and chronometers. They do not accelerate so much as hardened steel springs, and trials seem to show that the middle temperature error is with them considerably reduced. The fifth chronometer on the 1883 Greenwich trial was fitted with a palladium spring and an ordinary compensation balance without auxiliary. No chronometer maker would expect such a result with a steel spring. Whether palladium springs are as lasting as hardened steel remains to be seen. Being heavier than steel they droop more, and in Bréguet springs the overcoil has to be lifted farther above the plane of the spring, so as to avoid the possibility of contact if the watch is roughly turned on its face. Their limit of elasticity is less than that of tempered steel springs, so that they will not bear so much bending and they more readily show marks of the pliers.

Steel-Nickel Alloys.—The researches of Dr. C. E. Guillaume, at the Sèvres Office of Weights and Measures, have revealed the fact that steel liberally alloyed with nickel produces a compound with a very small co-efficient of expansion. Dr. Guillaume found the co-efficient of expansion of steel alloyed with 36.2 per cent. of nickel (named Sèvres alloy) to be but 8, in comparison with brass 189); steel or iron, 108 to 122 ; glass. 86; wood (bois de sapin), 44.

Professor M. Thury conducted some experiments with a view of determining the variations in the elasticity of Sèvres alloy when subjected to changes of temperature ; and he discovered that in a range of temperature of 22° Centigrade (+ 15° to + 37° Cent.), the elasticity actually increased with a rise in temperature, thus reversing the behaviour of steel under similar circumstances. Such a startling result leads at once to conjectures of a revolution in the methods of compensating watches. Accepting the Sèvres alloy with its low co-efficient of expansion as a suitable material for the balance of a watch, it is easy to suppose that by some slight variation in the proportion of nickel employed a substance may be obtained for the balance spring with a ratio of expansion calculated to entirely neutralise the temperature error. Recent tests have shown that watches furnished with plain uncompensated balances and balance springs of nickel-steel alloy have scarcely one-fifth of the temperature error which is observed when steel springs are used. So that for watches of the lower and medium qualities the temperature error is practically overcome. For fine watches and chronometers a compensation balance with the arm and inner part of the rim of steel-nickel alloy and the outer part of the rim of brass is recommended. Though the steel-nickel alloys cannot be fire-hardened, they are readily compressed and stiffened by hammering or rolling. They are less affected by magnetism than steel, but can hardly be classed under the head of non-magnetic.

Applying a Flat Spring.—The number of vibrations required depends, of course, on the train. For a modern watch with a seconds train in which the fourth wheel turns once in a minute, divide the number of the fourth wheel teeth by the number of leaves in the escape pinion ; multiply the quotient by 30 (double the number of escape wheel teeth), the product will be the number of impulses the balance will receive in a minute. If it is an 18,000 train the number will be 300, that is 5 beats a second. A 16,200 train gives 270 a minute ; 4.5 a second.

Should the watch not have a seconds train we must go back to the centre wheel which rotates once in an hour. In this case multiply together the numbers of centre wheel, third wheel, fourth wheel teeth and 30. Also multiply together the number of leaves of third pinion, fourth pinion, escape pinion and 60. Divide the first sum by the last and the quotient will be the vibrations per minute.

Having ascertained the number of vibrations required proceed to select what appears to be a suitable spring. Lay the spring with its centre coinciding with the cock jewel and mark on the coil that is to be the outer one exactly where it would enter the stud hole, bearing in mind that the spring should be rather small in diameter than large ; FOR A SPRING TOO LARGE IN RELATION TO THE INDEX PINS AND STUD IS PRETTY WELL SURE TO BE SLOW IN THE SHORT ARCS.

The next thing is to count the vibrations of the balance when connected with this spring.

Put the eye of the spring over the balance staff down on to the balance, and press the collet on to the spring so as to confine the inner portion that will be broken away for the eye. If it should happen, as in rare cases it may, that the collet when pushed on the staff its proper way fails to hold the spring, the collet may be reversed and pushed on with the smaller side of the hole first.4

Place in a convenient position on the bench a watch that is known to be keeping correct time, then take hold of the spring firmly with tweezers at about the distance of the curb pins short of the spot marked for the coil to enter the stud; then lift the spring so that the balance hangs horizontally and the lower balance pivot is just above the watch glass. Give the balance about half a turn so that it will vibrate for over a minute. Owing to the contraction and expansion of the spring the balance will also acquire an up and down motion.

With your eyes on the watch dial count every alternate vibration registered by the contact of the pivot with the glass till a spring is obtained that gives 75 double vibrations. if it is for an 18,000, and from 67 to 68 during half-a-minute, if for a 16,200 train. The observation may extend over a lesser or a greater period, always remembering that for an 18,000 train there are to be 5 DOUBLE vibrations every TWO SECONDS, and for a 16,200 train 4[image: e9781616082055_i0030.jpg] in the same time. It is better for the spring to give, say, half a vibration less in a minute rather than more, for it is sure to be a little faster when the eye of the spring is broken out to suit the collet. Extend the observation and counting to one minute if any doubt exists respecting the watch which is taken as a standard. It should not only be a good timekeeper but also have the seconds dial correctly spaced, and the seconds arbor concentric therewith, if exact results are to be obtained for shorter periods than a minute. Of course, if a chronometer is available it may be used instead of a watch. Many prefer to listen to the taps of the pivot on a watch glass and to watch the seconds hand of a regulator. Others will dispense altogether with the audible report on a watch glass and catching up the spring will give a slight twist of the hand holding the tweezers, and watch the number of vibrations given during 4 or 5 seconds while they listen to the beats of a regulator.

Yet another plan is to hold to the ear a watch having the same number of vibrations as it is desired the balance under trial should have, and note the discrepancy, if any. The first method given is, I think, best suited to a tyro, and will, I am sure, result satisfactorily if carefully conducted.

Although very accurate results may be obtained by “ vibrating ” on the watch when continued for, say, two minutes, the use of a “ Vibrator ” has the advantage that the attention may be withdrawn from the balance under trial for a few seconds without the observation being lost.

The “ Vibrator,” Fig. 8, consists of a vertically pivoted box, with glass top, containing a balance and spring accurately adjusted to give a standard number of vibrations. If adjusted to, say, 18,000 vibrations, another small box is provided to give 16,200, and sometimes a third giving 14,400. Any of the two latter may be slipped over the first when these numbers are required. Attached to the side of the pivoted box there is a vertical pillar from which projects a horizontal arm carrying tweezers to hold the outer end of the spring. The construction of the tweezers is such that the spring may be drawn out or in by simply turning a small milled nut.

The balance and spring to be tested are adjusted over the standard balance, the outer end of the spring being held by the tweezers so that the bottom pivot remains in contact with the glass throughout the entire vibration. The two balances are then set in motion, exactly together, by a push from a lever pivoted to the stand. With a little practice it is easy to quickly adjust the length of spring so that the balances are running accurately together.
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Fig. 8. Vibrator.




When a spring of the right strength is found it may be pinned to the collet. To break away sufficient of the eye for it to pass over the collet place the spring on the board paper ; grasp it with tweezers at the point where it is to be severed ; with a screw-driver, or other suitable implement, bend the eye close to the tweezers, and it will break away.

Assuming the position of the stud to be fixed, and that the spring should start from the collet on a level with the centre of the cock jewel if the watch were on edge with the pendant uppermost, place the spring on the cock, with the mark already made for the outer attachment coincident with the face of the stud, and mark on the eye of the spring the point where it is to spring from the collet. The spring should start away from the collet with an easy curve, and must not hug the collet, or isochronism will be out of the question. With tweezers having a rounded grip rather than a sharp edge, hold the eye a little farther up the spring than the mark just made, and with a peg gently bend round to the requisite angle the piece which is to enter the collet. Do not press with the peg close to the tweezers, or the spring may break. A sketch of the collets showing the hole for the spring may be made on the board paper as a guide for the angle. The piece bent round, of course, is curved. Hold it in the tweezers, and, with the assistance of the peg, straighten it.

Occasionally it may be that the only spring of the required strength available is too small with relation to the stud. If unhardened a spring may be expanded by placing it on a flat plate previously warmed, and heating it to a bluing temperature. It must not be heated beyond a bluing temperature, but the operation may be repeated more than once, and the spring will expand at each heating. To ensure the flatness of the spring remaining undisturbed it may be covered by a small flat piece of brass or glass, which must not be too heavy, or it may prevent distention of the spring.

The Collet.—The depth of the collet should not be less than twice the diameter of the central hole, if room allows. The taper of the hole and the taper of the balance staff where it fits should exactly correspond, so that the collet does not rock, and that part of the staff should be left grey to allow a tighter grip for the collet. The bottom of the hole should be rounded, so that it readily enters on the staff ; the bottom outer edge of the collet should also be rounded, to facilitate the entrance of the tool used for raising it. The hole for the reception of the spring must be exactly at right angles to the central hole, for if the spring has to be forced or bent to suit the hole it is hopeless to expect good results. Beginners are often in such a hurry to pin the spring on that they proceed when the hole is obviously not in the proper direction. The end of the spring should be passed into the hole, just kept in position with a temporary pin and examined. If any alteration is needed, the spring is to be taken out and the hole broached in the direction required till it is right. A round pin of hard brass is then fitted to the hole. When this is done, take a waste piece of the spring, insert it in the hole, and flatten away the pin till it and the spring together fill the hole properly. Then cut off the pin, leaving but little to project, so that there is no danger of its touching the spring in action.

The usual plan of pinning in is to pat the collet on a broach held between the thumb and finger of the left hand while the pin is fitted and the spring pinned on, taking the precaution to push a piece of paper on the broach before the collet or the spring may touch the fingers, and in the case of a damp hand the spring would be likely to be spoilt by rusting. By previously fitting the pin as directed, there is now very little fear of injuring the spring. The pin can be pressed home with a small joint pusher.

Another mode of pinning on is to place the collet on the board paper, adjust the spring to the collet, and with a short piece of boxwood sloped away at the end press the collet on the board ; the pin can then be fitted with comfort, and without danger of shifting the collet.

Yet another way of proceeding to pin the spring to the collet is to get a plate of brass about an inch square, and tap a hole in the middle of it less in size than the hole in the collet. A screw passing through the hole in the collet fixes it to the plate. The advantage of this plan is that the surface of the plate serves to show at once if the spring lies in the proper plane. Care must be taken with the underside of the head of the screw, so that it does not scratch the collet.

The collet may now be put on an arbor, and the arbor rotated in the turns to ascertain if the spring is true. In setting the spring it must only be touched close to the eye. Steady time-keeping will be out of the question if the spring is bent to and fro in reckless attempts to get it true. The eye should be brought gradually round to get it in circle, taking care not to overdo it. When this is right, and the spring is also true on the face, many good timers heat the spring and collet to a blue to set the eye. The outer coil may now be pinned into the stud.

It will be prudent to first pin the spring in temporarily and notice if the eye is true with the cock jewel, or very slightly towards the stud. If it is not, and the stud cannot be shifted, the stud hole had better be broached in the required direction. Or, of course, the spring can be slightly bent close to the stud hole to bring the eye right with the cock jewel. The largest part of the pin should be towards the body of the spring, and therefore the hole should be broached from that direction. First fit a round pin, and then flatten it to suit with a waste piece of the spring as directed when pinning to the collet. The pin at the stud may be left fairly long. The waste outer part of the spring should not be broken off close to the stud, but sufficient should be allowed to project through the stud to allow for any letting out of spring that may be required.

The curb pins should be of brass, only just free of the spring, parallel inside and tapered back from the point on the outside, without burr or roughness that would allow a lodgment of the spring. Mr. Kullberg considered the curb pins should not reach below the bottom of the spring, so that there is no room left for the second coil to jump in. The curb pins should not extend far beyond the stud, or the outer coil may jump out. But, apart from the jumping of the spring, it is objectionable to have the curb pin or pins far from the stud. It is noticed that watches in which this distance is great are very difficult to time.

The watch should be tried, lying and hanging, for twenty-four hours in each position. If it gains in the short vibrations the spring may be taken up, and if it loses in short vibrations let out a little. But if the alteration has the opposite effect to that desired, as in some instances it may, proceed in the contrary direction.

If the short arcs are slow, some recommend bending the outer curb pin away from the spring and pressing the inner one hard against it, so that the outer coil is really dragged out of its position. This seems to be a most objectionable nostrum, which doubtless originated through a spring too large having been applied.

If the short arcs are fast the curb pins are sometimes slightly opened as a remedy, but this is also open to objection, for the pins then obviously cease to be parallel with each other, and with undue play between the curb pins the spring will get worn where they touch it, and the going of the watch will not be satisfactory.

Unless there is some grave constructional fault the variation will not be so excessive but that the watch may be brought to time with the index, dividing the error between the long and short vibrations.5

Where there is no seconds hand, the usual plan is to make a mark on the fourth wheel; but Mr. Bickley recommends placing the watch to the ear and counting every alternate beat for a minute or two, and comparing with a regulator or watch going to time. However, a small dot on the fourth wheel is an almost imperceptible disfigurement, and will generally be found useful as the watch is getting pretty close to time.

The method of hardening a flat spring without distorting it after it had been applied was at one time kept a secret by the few who practised it. It is, however, exceedingly simple. The spring is placed on a round, PERFECTLY FLAT plate of German silver; the space between the coils being filled in with black lead, the spring is covered with a plate similar to the first. These plates, with a spring between them, are then laid on a small press of German silver very much resembling in form the presses used for copying letters. (See Fig. 9.) The plates are kept together by means of a screw. The spring, press and all, are then heated to a cherry red and plunged into water. When cool a thin slip of bright steel is laid on the press, which is heated till the slip of steel is brought to a blue colour, when it is plunged into oil. It is not imperative that the press should be of German silver, but it must not be of steel or wrought iron, or the springs will be spoiled. A press of this sort is also useful for restoring to shape a spring distorted from flatness. This may be placed between the flat plates and heated to a blue, as already described.
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Fig. 9.




Macartney’s Collet Adjuster.—For twisting a balance spring collet to position, the special tweezers shown in the sketch (Fig. 10) are admirable. One jaw is concave, and the other in the form of a knife edge.
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Fig. 10.




Plose’s Collet Lifter.—This is an excellent form of pliers for raising a balance spring collet. The jaws are curved and have knife edges. The leverage is much more even and effectual than with the old style by one-sided wedging. There is a set screw to prevent the edges closing too far and so injuring the staff (Fig. 11).
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Fig. 11.




For pressing a collet home, a table with holes or slits, such as is depicted under the head of “ Stud,” will be found useful.

Balance Spring Holder.—This tool (Fig. 12) forms a kind of self-acting tweezers, and is useful for holding the outer coil of the spring, especially when it is desired to get the length, accurately with the balance in its place in the watch before pinning to the stud, as in the case of Bréguet spring prior to turning the overcoil.
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Fig. 12.




Breguet Spring, or Flat Spring with Overcoil.—The selection of a spring, counting its vibrations with the balance and pinning to the collet, may be conducted in the same way as for a spring without overcoil, except that if it is decided to keep the point of attachment to the collet in a horizontal line with the cock jewel when the watch is placed pendant up, allowance must be made for the bending in of the spring to reach the stud, which, of course, is nearer to the centre than a stud for a flat spring would be. Experienced springers after selecting a suitable spring, by vibrating, break away the eye very accurately, to ensure the desired result. The overcoil will not materially affect the number of vibrations in a given time. It is, however, difficult to frame a rule of any practical use to the beginner, because there are so many factors to be considered : the diameter of the spring, the length of the over-coil, the distance of the stud from the centre, the thickness of the wire from which the spring is made, all affect the amount to be broken away at the eye. To be quite certain the spring selected will bring the watch to time after the overcoil is formed, it may be desirable to try it in the watch, and for this purpose the holder (Fig. 12) will be useful for gripping the outer coil.

The overcoils of watch springs are usually turned with curved nosed steel tweezers like Fig. 13. These curves should be of suitable shape for the particular spring, and be well polished. Beginners are not sufficiently careful in forming the curved noses. When a bit of spring wire is gripped between them they must show an exactly circular outline. If defective they would twist the spring, even in the hands of an experienced operator. In forming the Phillips’ curves, some watchmakers use hot pliers of the requisite shape to set the curve to the required form, but this is exceptional treatment, and does not appear to be necessary.
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Fig. 13.




Fig. 14 is a useful little clamp of brass by Mr. T. D. Wright, for holding a spring while turning the overcoil, the jaws of which are curved to the outer coil of a spring of average size. The upper screw passes through a clearing hole in the loose jaw and is tapped into the body of the tool: the pin below is a steady pin ; the bottom screw tapped into the loose jaw serves to keep the opening between the jaws parallel to suit the thickness of the spring ; a is a screw, and b a steady pin for attaching it to an old watch plate or other table.
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Fig. 14.




With this tool, and care, the turning of the overcoil will be comparatively easy. Having decided on the length and form the overcoil is to take, and of which you will have either a pattern or a photograph, or a drawing on paper or metal, break off a piece of the waste outer coil and bend it to the shape required; then pull it out again to coincide with the outer coil, and from the point where the spring enters the stud, or if there is to be an index, the middle position of the curb pins, mark off the length of the curve. Then fix the outer coil in the clamp just short of the point where the overcoil should start, and place underneath it a sketch of the overcoil for guidance. There are now two distinct operations—first, to raise the overcoil above the plane of the spring, and then to form the curve. If the two are attempted at once, it is most likely that in unskilled hands the spring will be twisted and practically spoiled. Therefore with strong tweezers raise the spring sufficiently, and then with the curved-nosed tweezers bend the curve very gradually without twisting the wire, taking care not to overdo it in any part, for bending to and fro is sure to deteriorate the spring.

Presuming that the copy be a theoretically isochronal curve, let the arch of the overcoil, if it deviate at all, be rather nearer the centre than the other way, so as to be, if anything, quicker in the short arcs. When the curve is correct it may be set by heating the spring to a bluing temperature. Grandjean suggests gently heating the spring on a white enamel dial till a drop of oil placed alongside the spring begins to smoke.

If the spring is to be free, without an index, pinning to the stud is a simple affair requiring no instruction beyond what has already been given when dealing with a flat spring; but with an index there are two methods of procedure, one of which is to be recommended. The plan formerly most generally followed was to carefully shape that part of the outer end of the curve where the index pins would operate into a circular form of a radius equal to the distance of the curve from the centre of the index ; that is, from the centre of the cock, and then proceed to pin to the stud. But in almost every case this last operation distorted the circular part on which pains had been bestowed, and the shaping of this had accordingly to be done over again. The best plan is to pin to the stud first, and then shape the circular part to suit the path of the index pins. This way is more expeditious, and the spring is subjected to less bending.

If the balance spring has been carefully selected the watch will not show a considerable variation from mean time. Leaving the final adjustment to be made by screwing the mean time screws in or out, it may now be brought to within about two minutes a day by, if necessary, adding to or taking weight from the balance. Usually two opposite screws are removed and heavier or lighter ones substituted, as may be required. Platinum screws are used when extra heavy ones are needed. The overcoil of the spring should not be touched for mean time adjustment.

Possible tests and corrections now to be made may be classed under the heads of :—



Isochronism.

Compensation for temperature.

Position errors.

Mean time adjustment.



There is no absolute rule as to the sequence of these operations. Some adjusters proceed in one way while others, equally successful, pursue a somewhat different course. Isochronism is, as a rule, dealt with first, because it is possible more easily to carry it to completion in presence of errors coming under the other heads enumerated. Much, however, depends on the character of the watch, and the performance required from it. Between the straightforward procedure adopted with a medium class piece and a fine watch which has to be subjected to the exacting ordeal of an Observatory test there is a wide difference. In the latter case the margin of error allowed is so narrow that perplexing constructional inaccuracies, quite distinct from the balance and spring, have to be located and rectified.

We will first take, as an example, a going barrel watch not required to be adjusted closely for positions.

Timing Box.—A brass box should be provided for the reception of an uncased watch movement while it is being timed. The edge of the pillar plate rests in a rebate, and a cover with a glass let into the top screws on to the box, and keeps the movement in position.

Rack or Holder for Watches on Edge.—The primitive and most usual rest for watches placed on edge for positional adjustment consists of a rack or rest of wood having V-shaped notches to suit various sized watches.

A convenient movement holder sometimes used is shown in the annexed cut (Fig. 15). It is adjustable, and capable of being turned in any desired way for position timing.
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Fig. 15.




ISOCHRONISM ADJUSTMENT.—Tests for isochronism may extend over different periods, but variations are always reduced to 24 hours for comparison. Although approximations may be first obtained by observations at short intervals, 24 hour trials should, if possible, be allowed as the rates become close. Some adjusters check the watches just when they happen to be at leisure, and record the duration of each trial in minutes, reducing the variation to 24 hour periods, by the aid of logarithms, or a slide rule, to save extended calculation. Aliquot parts of 24 hours can, however, generally be managed by systematic procedure, and there is then less liability to error from miscalculation. Trials of less than four hours’ duration can scarcely be regarded as a reliable guide.

Dial up is generally taken to represent the long vibrations, and the mean of two opposite vertical positions the short vibrations. With short trials of going barrel watches the same turns of the mainspring should be used for each test of the same kind. If we begin with four hour trials it will be convenient to start in the morning, to wind the mainspring but one turn so as to get the shortest vibration the balance will have in ordinary use, and to set the watch to mean time or in agreement with a reliable regulator. After four hours pendant up the watch is found to have lost three seconds, and its variation from mean time—3 is noted. The mainspring should then be wound about half-a-turn, and the watch placed pendant down. After four hours’ running it is found to be—8, having lost 5 sees., and its variation from mean time—8 is noted. The mainspring may then be fully wound to get the longest vibration, the watch placed dial up and allowed to run for four hours ; it is then found to be—4, having gained 4 sees. The mean variation of the two positions representing the short vibrations is represented by—4, and the variation in the long vibrations by + 4; as 4 hours, the duration of each trial, are one-sixth of 24 hours, each of these results s multiplied by 6 to obtain the variation in 24 hours, giving respectively - 24 and + 24, which added together = 48 ; the short arcs are said to be 48 sees. slow.

If the variations had been plus in each case or minus in each case, one total would have been subtracted from the other, and the remainder would have represented the daily rate.

The most usual way of making the long and short vibrations isochronous is by altering the form of the overcoil. When the short arcs are slow, as in this case, the arc of the overcoil is closed slightly, and a little more of the body of the spring added to the overcoil. When the short arcs are fast, the arc of the overcoil is made a trifle flater, and a little of the overcoil taken back into the body of the spring. Fig. 16 shows clearly what is meant. If the full line represents the original form of curve, it would be altered in the direction of b to quicken the short, and in the direction of a to quicken the long arcs. To alter the shape of the overcoil the spring is held with a pair of tweezers with brass faces curved exactly to suit it, while the alteration is made with a similar pair. Alterations must be made very gradually, for if bent too much the spring is likely to be spoilt in bending it back.
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Fig. 16.




After the requisite alteration is made, the watch may be again set to mean time in the morning with the mainspring fully wound, and after 24 hours’ running, dial up, it is found to have gained 35.5 secs., this variation + 35.5 secs. having been noted, the watch, with about two turns of the mainspring wound, may be tried 12 hours pendant up ; it is then found to be + 50.5 secs. fast, having gained 15 secs.; this is noted: the mainspring wound about a turn and a half, and the watch placed pendant down for 12 hours ; it is then found to be 59.5 secs. fast, having gained 9 sees. The short arcs are now slow, at the rate of 11.5 secs. in 24 hours ; the balance spring, therefore, requires a slight alteration in the same direction as before.

After this has been done the watch is fully wound, again set to mean time, and after 24 hours’ trial, dial up, is found to be, say, 36 sees. fast. The watch is noted + 36 s. With the pendant up for 12 hours, it gains 21 s., making it + 57 s. And with the pendant down 12 hours, it gains 15 s., and is then + 72 s. So that the variation in the long vibrations is + 36, and the sum of the variations in the short vibrations is + 36 also. The watch is now said to be isochronous, but there is still a position error between pendant up and pendant down of 6 seconds in 12 hours.

Twelve hours’ trial with pendant to the right shows a gain of 27 s., and 12 hours’ trial with pendant to the left a gain of 13 s., making a position error of 14 seconds in 12 hours in the quarter positions.

The mean time screws may be drawn out sufficient to give a loss of 38 seconds in 24 hours, thus dividing the error. The piece would then show a variation from mean time in 24 hours running in each position :—Dial up—2 s. ; pendant up + 4 s. ; pendant down—8 s. ; pendant right + 56 s. ; pendant left—12 s.

This is not at all a bad result, and the watch being a little faster pendant up than dial up is likely to approach still nearer in these positions as the oil thickens. We may, therefore, leave it as sufficiently near.

Position Errors, which are due to escapement faults, bad jewelling and other constructional inaccuracies, are often confounded with a want of isochronism ; but a watch may be perfectly isochronous, and yet have very large position errors.

If the short vibrations are not more than a turn in extent, the vertical positions could be equalised by drawing out the quarter screws of the balance nearest the top in the fast position, and this is the remedy generally adopted. For instance, to take an open-faced watch vibrating rather under a turn when placed on edge, which, when at rest, has a quarter screw pointing to the pendant. This watch, when pendant right, is faster 10 sees, in 12 hours than when pendant left; the quarter screw nearest the III., which, looking at the back of the watch, is nearest the top in the fast position, would be drawn out, say, half a turn, and the opposite screw turned in a similar amount. The larger the short vibrations the more the screws would have to be operated upon to give the same effect, until a limit is reached, when the remedy is inoperative. If the short vibrations are a turn and a quarter, altering the screws will be useless. Should the short vibrations be a turn and a half, which is not very likely, the opposite method would have to be resorted to, viz., the screws furthest from the fast positions must be set in, and those furthest from the slow position drawn out. This is called “timing in reverse.” The best authorities strenuously object to tampering with the balance, and prefer to leave the position errors alone. No doubt it is a grave fault to set the balance out of poise, and as the extent of the vibration falls off from thickening of oil and dirt the correction is destroyed and an additional error introduced. Of course, with a firstrate watch, where everything is of the best, the position errors will be very small.

There is another method employed by some to lessen the position errors, but it is not less objectionable, and is certainly not sufficiently efficacious to be worth consideration if the position errors are large. It consists of bending the balance spring (not the eye), so that the eye, instead of being true with the cock jewel, presses against the staff in the fast positions ; in the preceding example, the spring would be moved from the pendant, and to the right of it. The effect of this is to cause more friction on the balance staff pivots at those points.

A watch out in positions may often be brought nearer by turning the roller of the escapement half-way round on the balance staff, slight defects in the pivots and holes being thus neutralised.

There should not be much difference whether the short vibrations are caused by decrease of motive power or by change of position from lying to the rack, yet the results will not be absolutely identical. If the discrepancy is very great, it would probably indicate defective jewelling, holes too long or too large, or not sufficiently polished. The length of the straight part of the jewel hole should be about equal to its diameter.

In adjusting marine chronometers and chronometer clocks for isochronism, the long and short arcs are not obtained by changing the position of the instrument, but the arc of vibration is reduced about one-quarter by letting down the mainspring, or reducing the power in any other convenient manner. For instance, a stiffish spring may be brought to bear on the fourth wheel pinion with sufficient pressure to absorb as much of the force as may be desired.

The method of recording observations varies with different adjusters. The subjoined arrangement appears to be convenient. Symbols are used to indicate the positions, as follows :—

Dial up =O dial down = O; Pendant up = ┳; pendant right = [image: e9781616082055_i0040.jpg]; pendant lert= [image: e9781616082055_i0041.jpg]; pendant down= ┻. The time is set down in hours and quarter hours.
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Adjustment of a Fine Watch.—Where the best possible performance is to be obtained from a watch in every position and in varying temperatures, an exact standard of time for comparison is essential. Without this it would be foolish to undertake the task. Even with an Observatory time signal at frequent intervals there should be two good regulators to check a doubtful signal before making any alteration to the watch as it is approaching completion.

However, assuming all the necessary apparatus to be at hand the whole of the mechanism of the watch should undergo a rigorous scrutiny prior to proceeding with the timing and adjustment. It is often the next to nothing, the very slight errors of construction, which, if overlooked, give trouble at the end. Taking, as before, a going barrel watch with a lever escapement, we will suppose that an over-coil balance spring has been applied as already directed. The escapement should then be examined in accordance with the procedure given under the head of the particular escapement in use.

The escapement having been passed as correct, and the mainspring fully wound, the balance should have a vibration of not less than a turn and a half nor more than a turn and three-quarters with the dial up, and not less than a turn and one-eighth with the pendant up.

If with the pendant up the arcs are only a turn in extent a stronger mainspring should be tried, and this remedy will probably prove effective ; of course, if a balance too large or heavy has been selected, a fresh balance must be obtained and the watch resprung.

Assuming the vibration to be satisfactory, the watch may be brought somewhere near to mean time—say, to within two minutes a day—by, if necessary, adding to or taking weight from the balance.

Bonniksen recommends springing the watch so that there is at this stage a loss of four minutes a day to allow for weight to be taken from the balance in poising it, but this is not the usual practice.

Then the compensation should be proceeded with and almost perfected. If tests for isochronism were attempted first variations due to changes of temperature might easily be mistaken for want of isochronism. The compensation cannot be quite concluded at this stage, because subsequently poising the balance may slightly derange it. On the other hand, it is useless to think of finally poising the balance now, because re-arrangement of the screws and a possible set of the balance during the compensation adjustment will probably affect the poise. But the fact of the balance being untested for poise renders it necessary to provide perfectly level surfaces in the refrigerator and oven on which to lay the watch so that want of poise will not affect its rate.

With the compensation correct, or nearly so, try the balance for truth in the callipers or on the poising tool as directed in the chapter devoted to the subject ; get it as perfect as possible, and then proceed finally to test the poise of the balance and spring in the watch. The mainspring should be wound but little, so as to give only a full turn, or rather less, when pendant up. It is very rarely that the vibration cannot be sufficiently reduced if the stop work is removed. In an extreme case it may be necessary to substitute a weaker mainspring.

Suppose the watch, when horizontal, gains at the rate of 30 seconds a day. Try it pendant up ; its rate is then + 36. Pendant down it is + 16.

It may be assumed that the balance is too heavy at the bottom when the watch is pendant up, and as a ready improvement for a watch which is not to be adjusted in positions, the timing screws nearest this position are proportionately screwed in, and the opposite ones similarly withdrawn.

But clearly the heaviest part of the balance may not be exactly opposite the pendant, therefore let us try the quarters :—


We find with pendant right the daily rate is +32. 
pendant left + 21.


Probably the quarters would not be so close on account of constructional errors, and the possible presence of these renders it unsafe to accept the deviation as due wholly to want of poise in the balance.

Therefore wind the watch fully, so that the vibration is quite a turn and a half, and try round the vertical positions again.
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It is, again, hardly likely there would be no other disturbing elements, but accepting these figures as an example, we may ascertain, if it is an open face watch, that the balance when at rest is too heavy between the IV. and V. This may be adjusted by screwing in a timing screw, or nut, at this point, or by proportionally screwing in the adjacent ones.

Absence of Isochronism.—A spring with theoretically perfect terminal curves would be correct if applied to a balance also perfect, and not subjected to external influences. But such conditions do not, of course, exist in watch work.

AN EXTERNAL FORCE APPLIED TO THE BALANCE AT THE DEAD POINT, THAT IS, WHEN THE SPRING IS QUIESCENT, HAS NO EFFECT ON THE TIME OF OSCILLATION, AND THE EFFECT OF A FORCE IS MUCH ACCENTUATED AS THE DISTANCE BETWEEN THE DEAD POINT AND THE POINT OF APPLICATION INCREASES.

AS A RULE, THE DISTURBING EFFECT OF A GIVEN EXTERNAL FORCE WILL VARY ACCORDING TO THE AMPLITUDE OF THE OSCILLATIONS, AND WILL BE MUCH MORE MARKED AS THE AMPLITUDE DIMINISHES.

AN IMPULSE DELIVERED BEFORE THE BALANCE REACHES ITS DEAD POINT QUICKENS THE TIME OF VIBRATION.

AN IMPULSE DELIVERED AFTER THE BALANCE HAS PASSED ITS DEAD POINT EXTENDS THE TIME OF VIBRATION.

SIMILARLY, ANY ABSTRACTION OF FORCE, IF TAKING PLACE BEFORE THE DEAD POINT IS REACHED, EXTENDS THE TIME OF VIBRATION, WHILE ABSTRACTION OF FORCE AFTER THE DEAD POINT IS PASSED QUICKENS THE VIBRATION.

IN THE CYLINDER ESCAPEMENT, AND IN THE LEVER ESCAPEMENT ALSO, THE IMPULSE IS NOT EQUALLY DIVIDED ON BOTH SIDES OF THE DEAD POINT, THEREFORE, SO FAR AS THE INFLUENCE OF THE ESCAPEMENT GOES, ALL CYLINDER AND LEVER WATCHES MUST LOSE IN THE SHORT ARCS.

Variations between Hanging and Lying. Summary of Causes and Remedies.—Various escapement faults; excess of shake in pivot holes, or insufficient freedom in pivot holes ; escape wheel too heavy ; bad train depths ; escapement out of beat.

Variations between Dial up and Dial down.—Balance spring badly pinned to collet. Any twist in the spring here is almost sure to cause variation in these positions. Probably the hole in the collet is not exactly in the proper direction, and the best plan is to have a new collet.

Want of uniformity in escapement end shakes, causing the end of the impulse pin to graze the safety finger of the lever ; or the balance to graze the escape cock.

If the impulse pin is not perfectly upright, it may in one of these positions be free as it passes in and out of the horns, and in the other positions may graze.

A short balance-staff pivot may in one position just rest on its conical shoulder.

A defective or unevenly set end stone.

Excessive or careless oiling may cause a drop of oil on some part of the escapement to spread and create sufficient adhesion in passing an adjacent surface to retard the balance and diminish its vibration. See especially that contact between the lever and banking pins is free and not sticky from oil.

Variations in the Quarters. Positional Errors.—Want of poise of the lever and pallets.

Too little draw, causing the safety pin or finger to rub on the roller ; this may occur only in one position, owing to want of poise in the lever and pallets.

Extra Long Arcs Defective.—If the extra long arcs are fast, the fault may be that the impulse pin knocks the outside of the lever. To correct this a weaker mainspring may be substituted for the existing one.

If the balance spring is pressed out of its proper position by one curb pin, though there is play between the two, it may be that the spring leaves the curb pin and becomes free in the extra long arcs, causing a loss.

The balance, when expanded to its fullest extent through natural action in low temperature and by centrifugal force, may just touch some part of the mechanism.

Cylinder watches and carriage clocks with this escapement, after cleaning, will often so increase in vibration that a banking error is introduced. A weaker mainspring is one remedy, but the matter is more fully dealt with under the head of Cylinder Escapement.

In a cylinder watch which has been cleaned a sticky banking will sometimes give trouble ; brushing is often not sufficient to remove the holding tendency. Both pin and block should be scraped.

Isochronism.—The short arcs may be quickened by rectifying faults in the escapement.

By increasing the angle of draw on the pallets.

By altering the overcoil of the balance spring.

By altering the point of attachment of the spring to the collet.

By centrifugal force, e.g.—

A small hole is drilled through each of the half rims of the balance close to their fixed ends, and, after trial, broached out till the desired equality is obtained. This remedy was, I know, successfully adopted by the late E. B. Denison. The greatest care must be taken to broach the holes alike, for if one half of the rim is weakened more than the other the balance will be out of poise when moving quickly. This method is open to the objection that the balance is rendered less rigid and more likely to be bent.

By using a shorter balance spring.

A shorter balance spring to give the same number of vibrations will, of course, be thinner, and to reach the hole in the stud will have more open coils.

If there is play between the curb pins, close them till the spring is but just free; there should be no apparent motion of the spring when its action is viewed through a glass.

By using a stronger mainspring.

As already explained (p. 37), the short arcs may be quickened by putting the balance out of poise, but this must be regarded as an illegitimate method, because the remedy is but ephemeral.

Making and Polishing Balance Springs.—In making balance springs the first requirement is good wire. After being drawn to suitable sizes, the round wire is flattened between rollers and then drawn through jewelled clams, or rollers, to ensure uniformity of substance. The most general fault is that, during the frequent annealing necessary in drawing it so small, the steel has lost too much of its carbon, and is difficult to harden except at an excessive temperature. Before making balance springs it would be prudent to test a piece of the wire for hardening and tempering. If the wire is suitable it should harden well after heating to what is called a cherry red, that is, before it attains a brilliant red hue. Flat spiral springs are coiled up in a circular box, like a small watch barrel, and cover (see Fig. 17), made preferably of aluminium-bronze, or of platinum. Copper and German silver are sometimes used, but platinum and aluminium-bronze are found to best retain their form after heating. Obviously, the top and the bottom of the box must be perfectly flat, if flat springs are to be produced. Though rigid, the box and cover must be as thin as possible, because, if a considerable body of metal surrounds the spring it has to be raised to a greater heat to harden. Either two, three, or four springs are coiled at a time, generally three ; if coiled up four at a time the coils would be more open than usual ; springs for overcoils are generally closer, and would be coiled two at once.

The following is substantially the process described in the Horological Journal by Mr. Glasgow :—“ The winder (Fig. 18) is of steel, with a pivot formed on the end to pass through a hole in the bottom of the box, and project into the box just the width of the wire of which the springs are to be made. Across the pivot of the winder are slits to receive the ends of the wire. For springs, coiled up two together, there is one straight slit across the centre of the pivot. If three springs are to be coiled up together, three equidistant radial slits are cut (as at a, Fig. 18), and for open springs coiled up four together, two slits at right angles across the centre are made. The pivot should be snailed from the slits according to the wire to be used, so as to ensure the truth of the eyes of the springs. A hole is drilled and tapped in the centre of the pivot to receive a small screw, the head of which passes through a hole in the cover. Holes not radial, but almost tangential, are drilled through the side of the box to thread the wire through. The ends of the wire passed into the slits are secured by the screw, the cover is gently pressed on, and the winder rotated till the box is full. The ends of the wire are cut off, the screw and winder removed, and the cover bound tightly with wire. The holes are then stopped, usually with a mixture of soap and animal charcoal, to exclude the air, and the box put in an open iron vessel containing charcoal, which has been placed in the fire of an ordinary grate.” Animal charcoal is usually prepared from burnt bones or burnt leather, reduced to powder. The object of using it in this connection is to further enrich the steel, but some discretion is necessary, for if the steel is already sufficiently rich in carbon it may be rendered too brittle. Difficulty would then be experienced, especially in bending overcoils, if such were needed. If the steel is found to harden readily at a proper temperature, vegetable charcoal may be used to exclude the air. If soap is used it should not be wetted, but softened by heating. Either beeswax or oil appears to be a more suitable vehicle than soap. When the spring box is cherry red, it is dashed into a vessel containing plenty of cold water. The spring box is then placed in a boiling out pan or an old metal spoon filled with oil, and held over a flame till the flame just flickers over the oil.
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Fig. 17.
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Fig.18.




After cooling, the springs may be turned out of the box. If they do not come apart quite readily they should not be forced, as they would be likely to be permanently distorted thereby. If thrown into a pill box and rattled for a minute, the slight concussion against the sides of the box is usually enough to induce separation unless the springs have been burnt. Water or oil is the medium generally selected for plunging steel in to cool it when it has been heated to the requisite redness for hardening. Either mercury or petroleum may be recommended if extra hardness is desired. Salt water will give great hardness, but the steel is rendered brittle. Oil and mercury are considered the two best media for hardening steel if toughness is desired. If the steel has been protected from the air, and not overheated during the process of hardening, its surface will not be scaled nor materially injured, and its brightness may be restored by polishing, but if the surface is intricate, as is the case with balance springs, a quicker method of cleaning may be employed. The steel may be washed in a strong solution of hydrochloric acid (about one-third of pure acid to two-thirds water is recommended), and immediately afterwards rinsed in a saturated solution of cyanide of potassium. In one respect springs finished with a high polish are inferior to others left grey, for they are more liable to rust.

To avoid oxidation of the surface during hardening and tempering the springs, melted crystals of potassium cyanide may, with advantage, be employed as a heating medium. The cyanide having been placed in a wrought-iron pot on a stove, and raised to a red heat, the spring box is immersed, and allowed to remain till it becomes of the temperature of the bath, when it is removed and plunged into cold water. A film of cyanide clings to the exposed surface, when the box is removed from the bath, and so the air is entirely excluded from contact with any part of the springs. This protecting film leaves the surface when the box is plunged in the water.

To temper the springs, the box on being removed from the water may be again momentarily plunged in the cyanide bath, and then subjected to an even heat in a small stove or iron box. When the film of cyanide peels off the box it is considered the desired temper is obtained.
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Fig. 19.
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Fig. 20.




This is, I believe, the process adopted by some of the Swiss spring manufacturers, and in America. Of course, wire of uniform quality must be selected to be sure of always attaining the desired temper. The difficulty generally is to ensure uniformity of quality, and for this reason no exact tempering temperature for balance springs can be given, because the steel varies in quality. Continual care is necessary to ensure success. Mr. Arthur Webb, on taking a fresh bobbin of wire, hardens a piece, and then finds the temperature at which that particular wire yields the desired temper, by placing it in the oil bath with a thermometer. When satisfied with the temper he notes the temperature which he assumes will be the best for tempering so long as that wire lasts.

Steel is less oxidised by tempering in an alloy than if tempered in the air, and the required temperature is obtained with much greater certainty. Olive oil, which boils at 600°, is now most generally used as a bath for tempering balance springs. But great care must be taken to ensure the purity of the oil. Olive oil adulterated with cotton seed oil, when used as a tempering bath, has been found to rust springs, possibly from the presence of some chemical employed in the preparation of the oil. Pure olive oil may be used with confidence. It may be heated in a wrought iron pot, which must not be tinned. The cover may have a hole in it for the insertion of a thermometer, and hooks on the underside from which the springs may be hung.

Springs are more liable to distortion when perfectly hard than when tempered. No explanation appears to have been given of this curious fact, but mention of it may prevent a beginner attempting to polish watch springs before tempering.

The most usual method of mechanical polishing is as follows :—

The flat faces are polished by gently pressing the tip of the finger on the spring, and moving it in a circular direction on a piece of writing paper on which red stuff has been rubbed.

The spring is drawn down over a piece of wood with a conical end like Fig. 19, with a pin at the apex for the eye to go over, and the outsides are polished with a well-worn brush charged with red stuff.

The inner sides are much more difficult to polish ; but if the wire is good, and has not been raised to an excessive heat in hardening, and if the air has been properly excluded during that operation, but little polish will be needed. The spring is placed on a flat piece of cork, and the inner sides rubbed to and fro from side to side with a finely-pointed peg charged with red stuff, the spring taking the form of a cone the while. as shown in Fig. 20.

After polishing, the spring is washed in PERFECTLY CLEAN benzine, and blued on a flat plate. The plate should be heated before the spring is brought into contact with it and care taken that no dust is allowed to settle on the spring. A glass tube may be placed over it during the operation.

An alternative method of polishing flat springs on the surface and between the coils at the same time is to place the spring on an india-rubber pad under two plates with radial sides terminating in a point, as in the subjoined sketch, Fig. 21. Over the spring is a holder on a universal joint. Through a hole in the holder passes freely the polisher spindle, carrying at its lower end a thin strip of willow wood cut almost to a knife edge where it bears upon the spring. A little pressure on the knob at the top of the polished holder will cause the coils of the spring to make serrations in the edge of the willow. Charged with a little fine emery the polisher is now pressed on the spring and rotated as far as the radial edges of the plates will allow for, say, six times backward and forward; the position of the spring is then altered so as to bring the part at first under the plates into contact with the polisher and treated in like manner. The spring is then turned over and the other side operated on. The india-rubber pad is on a circular metal table, and underneath the tool is a bridge ; one end of a helical spring around the stalk of the table presses against the underneath surface of the table and the other end against the bridge, and so keeps the spring on the rubber pad sufficiently tight against the plates. Care must be taken not to rub the spring more than is necessary and to subject each part of the surface to the same number of rubs. Excessive and indiscriminate rubbing will spoil the spring.
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Fig. 21.




Fig. 22 shows a different arrangement for winding springs, for which I am indebted to Mr. R. B. North. Here the winding machine stands on the bench, and the centre arbor is actuated by turning a handle at the side with which it is connected by a pair of mitre wheels. The spring box without the cover is placed on the table of the machine and prevented from turning by a notch at the end which engages with a pin in the table. At the end of a hinged arm is pivoted a little bar which may be pressed on the wire while it is being wound in. In this way the winding is under perfect control, and can be watched as it proceeds. When the box is full the cover, with a hole to pass over the centre arbor, is placed in position and fastened with three screws. There is a special feature in the box which is worthy of mention. It has a loose disc or false bottom which can be readily trued or a fresh one substituted. The cover is flat, and does not enter the box, therefore narrow wire would not fill the space between the disc and the cover, but the central hole in the bottom of the box is larger than the hole in the disc and tapped, so that when the cover is screwed on and the centre arbor removed a screw can be inserted to press the disc till the whole surface of the wire is in contact with both the disc and the cover.
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Fig. 22.




J. F. Cole used instead of a spring box a square plate, rising from which were four half-round pins instead of a rim, keeping the wire within the required limit.

Helical Springs are formed by winding the wire on a thin solid drawn tube of brass or aluminium-bronze. If the same tube is to be used for tempering it has shallow grooves cut to the pitch the spring is to be, and in depth about half the thickness of the wire. The ends of the spring are fastened to the tube under the heads of brass screws which must be made left-handed, so as to draw the wire tighter on the tube as they are screwed up. The tube is mounted on an arbor in the turns ; one end of the wire is fixed by one of the screws, the remainder of the wire hangs freely in the air, a weight of about 12 ounces being fastened to the lower end to keep the wire taut. A piece of thin sheet platinum or sheet copper is wrapped round the spring and tube and kept close with binding wire prior to hardening. It is hardened by being heated to redness and plunged into cold water. Immediately it is withdrawn from the water one of the screws is slackened, the spring drawn tight on the tube and held again in position by the screw. It is then tempered by boiling oil.

A grooved tube is not essential for coiling the spring. Mr. Mercer uses a plain thin tube of solid drawn brass or aluminium-bronze. The wire is coiled closely, covered with a thin sheet copper wrapper on the other side of which has been smeared either beeswax or a little lard ; the ends of the copper are tucked over the ends of the tube, which is bound round with wire. A light wire holder, sufficiently long to protect the operator from the heat, is attached, and the tube is subjected to a charcoal fire heated by gas. The operator turns the tube, watching till it attains a cherry red, when it is dashed into mercury, which Mr. Mercer prefers as a hardening medium. During hot weather the pot containing mercury should be surrounded with cold water or the steel may not harden satisfactorily. After hardening, the spring is tempered on a grooved tube. The lard should be melted fresh pork. Lard, as purchased, is liable to contain salt or other impurity which might engender rust.

The outsides and edges are polished on a block a little larger than the tube used for coiling the springs. For polishing the inside, the spring is mounted on a piece of wood charged with red-stuff and rotated in the turns, the spring being held between the thumb and the finger the while. Before bluing, the spring is thoroughly cleaned with soap and water, and afterwards with benzine. Unless the spring is perfectly clean it will not blue evenly. For bluing, the springs are secured by screws to a block with very shallow grooves very similar to the tube used for tempering, except that it is solid and a shade larger in diameter. The block is placed end upwards on a bluing pan, which is heated over a spirit lamp. The spring may be encircled with an open glass tube to keep the temperature uniform, and keep off dust which might make the spring specky.

Mr. T. Hewitt’s procedure in coiling and hardening is a little different. He turns down his piece of solid-drawn brass tubing, leaving the surface plain without grooves. On this he winds the wire, the coils following each other close together. He smears a mixture of oil and vegetable charcoal on the coiled wire, and over all slips another thin brass tube, stopping the ends of the two with a luting of the oil and charcoal. It is then hardened. After hardening, the spring is wound on to another brass tube having shallow grooves of the desired pitch and of exactly the diameter at the bottom of the grooves as the hardening tube was, fixed with left-handed screws and tempered. Tempering sets the spring satisfactorily to the pitch decided on.

The late F. Knudsen, a very successful chronometer springer, wound his springs on a plain tube, and heated them for hardening by hanging the tube on a pin in a piece of charcoal and directing a flame through the tube with a blow-pipe. After plunging in water he heated the tube to nearly the ultimate tempering heat to avoid breaking the spring in loosening the screw. He set the springs by tempering them on a grooved tube, and after polishing finally blued them on a plain block, the spring being secured at one end by a screw.

After helical springs are tempered the greatest care is taken to avoid rust and stain. I have heard of springers conducting subsequent operations necessitating handling, with stalls of oiled silk on their fingers to ensure that when the terminals of a spring are formed, and it is pinned on, the even colour remains without blemish. This, though, is not the usual practice, and is, I should say, not necessary unless the operator has very damp hands. Indeed, rust is generally the result of dirt or impurity met with in course of manufacture.

Balance Spring Tester.—This gauge, designed by Mr. T. Hewitt, is invaluable to the springer of high-class timekeepers. Dr. Hooke, the inventor of the balance spring, in explanation of its isochronous property, gave utterance to the now well-worn maxim, ut tensio sic vis. (As the tension is, so is the force.) And in theory this is true of springs perfect in construction, though it sometimes happens that a spring apparently faultless contains some latent defect that renders its action not regularly progressive. With the tool shown in the engraving, the behaviour of a spring under different degrees of tension may be tested before it is applied to the timekeeper, and if it prove to be bad it may be at once rejected, and much labour saved that would be otherwise thrown away. The eye of the spring is held in a spring collet, and its outer end caught in a split nose at the end of the arm on the left. This arm is held in a split bearing, and is capable of adjustment to suit springs of various kinds. The circular scale is divided into degrees and into radians, and turns friction-tight on its axis so that it may be readily set to zero. By means of the knurled knob at the back of the tool the spring may be wound up, weights being gradually added to the scale pan to balance it. A fair average of the extremes of winding a balance spring would be subjected to in the long and short vibrations of a watch, would be from three to four radians, and if for every tenth of a radian between these points the same increment of weight were required, the progression of the force of the spring under trial would be regular. The bending moment of any spring may be ascertained, and in the case of substituting one balance for another in order to obtain increased vibration, the relative moments of inertia of the old and the new balance may be readily found. The central staff holding the eye of the spring is very nicely fitted into jewelled holes. It carries the lever to which the scale pan is hnng at exactly I inch from the centre of motion, and then the bending moments, &c., are very readily calculated in inch-grains.

Balance Spring Buckle or “Guard.”—[Clef de spiral.—Der Spiralschlüssel.]—A small stud with a projecting tongue attached to the index arm so as to bridge the curb pins, and prevent them engaging two coils of the balance spring. It is used chiefly in Swiss watches.

Balance Staff.—[Axe de balancier.—Die Unruhwelle.]—The axis of the balance. In the best lever watches, the balance collet is solid with the staff. For commoner work, the collet is of brass, and fitted tightly on.

Replacing Balance Staff.—In running in a balance staff it will be prudent to note if the balance seat and escapement roller are correctly placed in the old staff, or in what direction alterations would be desirable. Remove the spring-collet and roller, and in the case of a colleted staff drive the staff out of the collet. With a solid staff, if the balance rivet is much spread, turn it away before attempting to punch out the staff. For a colleted staff centres may be turned or filed on a piece of steel, which may then be finished in the turns. For a solid staff, those who have not a lathe will avail themselves of the rough staffs to be obtained at the tool-shops. One of these may be hardened and tempered and finished in the turns. A workman who has a lathe will prefer to mount a piece of plain steel in a split chuck or in some other convenient way, and turn it all over nearly to size, with conical centres on the ends. It may then be hardened and tempered and finished in the turns. Mark the position for the balance seat, reduce it carefully till the balance fits well, and be sure the shoulder of the seat is flat and square ; if left hollow the balance will probably be bent or will work loose. Turn the part that fits the balance to height and form the undercut for the rivet. Let on the spring collet and the roller, leaving the staff a little taper so that each piece passes freely to its place and fits there. Rest the balance collet on a staking tool and rivet on the balance with a hollow punch having a rounded face. Now measure from the balance seat to the end of the top pivot with the self-registering callipers or other gauge. Polish the angular face of the flange, and finish off back slopes and pivots as advised under the head of Polishing, allowing a sufficiency of end shake from the measurement shown in the staff gauge.
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Balance Wheel.—[Roue de rencontre.—Das Gangrad einer Spindeluhr.]—The escape wheel of the verge escapement. This term is often applied by amateurs to the “ balance ” proper.

Banking.—[Rebattement.—Prellen.]—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 cylinder or verge, the striking of the pin in the balance against the fixed banking stud or pin.

Banking Pin.-[Goupille de renversement.—Der Ausschwungstift.]—A pin for circumscribing the motion of the balance in verge and cylinder watches.

Banking Pins.—[Goupilles de renversement.—Die Prellstifte.] —(I.) In a lever escapement, two pins that limit the motion of the lever.

(2.) In a pocket chronometer, two upright pins in the balance arm which limit the motion of the balance spring.

(3.) The curb pins that embrace the balance spring of a watch are occasionally spoken of as banking pins.

Banking Screw.—[Vis pour arret de detente.—Die Prellschraube.]—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.—[Grains d’orge.—Das Korn im Guilloehe.]—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 Government decided in favour of the latter in 1687.

Bar Movement.—[Mouvement à ponts.—Das Klobenwerk.]—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.—[Erreur barométrique.—Der Luftdruck fehler.]—The alteration in the timekeeping of a clock due to changes in the density of the atmosphere through which the pendulum has to move. The barometric error is very small. It has been stated to be about a third of a second a day for a change of one inch in the barometer, but its effect is dependent on the arc of vibration of the pendulum and other circumstances. 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, as the attractive power of dissimilar poles caused it to gain. Taking advantage of this fact he devised a barometric compensation (as shown in the engraving) for the standard sidereal clock at the Greenwich Observatory, where, I believe, it answers admirably. Two bar magnets, each about six inches long, are attached to the pendulum bob, one behind and one (a) in front, with their dissimilar poles towards a horseshoe magnet (b) carried by a lever resting at A on knife edges, so that the horseshoe is always attracting the pendulum and increasing the acceleration due to gravity, having of course its least effect when most distant. The poles of the horseshoe 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 lost with a rising barometer, the bar magnet over the south pole of the horseshoe magnet is placed with its north pole downwards, and the bar magnet over the north pole of the horseshoe magnet with its south pole downwards, so that there should be attraction between the bar magnets and the horseshoe 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 weights in the pan ƒ.
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Barrel.—[Barillet.—Das Federhaus.]—A circular box for the reception of the mainspring of a watch or clock. (See Mainspring.)

Barrel Arbor.—[Arbre de barillet.—Der Federstiƒt.]—The axis of the barrel, round which the mainspring coils.

In the absence of a suitable tap or screw plate when turning in a Geneva barrel arbor, if the collet is good it may be used as a plate. Soften the collet, and file two slight passages across the threads with a fine three-sided file ; screw a piece of brass wire through the collet so as to clear the threads of burr ; then re-harden the collet, and cut the screw on the arbor with it. A pair of pliers with faces curved to suit the collet are used to hold it. In an emergency the old arbor may be prepared for use as a tap if the old collet is not available.
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Barrel Arbor Turnscrew.—[Bonde a vis.—Der Federkernschlüssel .—The drawing sufficiently explains the nature of a handy adjustable turnscrew for barrel centres of Geneva watches by Mr. John McKay.

Barrel Contractor.—[Outil à resserrer les serges de barillet.—Das Werkzeng zum Verengern des Federhauses.]—Boley’s tool for restoring distorted mainspring barrels to shape, consists of a die with a series of tapered holes, as shown in Fig. 1, and corresponding punches. The defective barrel is placed in a hole of the proper size. as in Fig. 2, and a few light taps from a hammer on the punch quickly will bring the barrel to the desired form, and of a size to suit its cover. It may be desirable to interpose paper between the barrel and the tool, but if the holes have been well polished this is unnecessary. In some instances it will be better to turn out the groove in the barrel afresh, and to shape the edge of the cover to snap in properly. The groove should be slightly undercut, and the edge of the cover formed to suit, but the bevel must not be too sharp, or the cover after snapping in may be loose. Besides its primary use, this tool will be found useful for contracting rings and watch bows. The smaller holes also answer for closing the sockets of hour hands, the collets of carriage clock hammers and such like pieces.
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Fig 1. (Barrel Contractor.)




Barrel Cover.—[Couercle de barillet. —Der Federhausdeckel.]—A lid that snaps into a rebate in the barrel.
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Fig. 2. (Barrel Contractor.)




Barrel Hole Closer.—See Riveting Stake.

Barrel Hollow.—[Noyure du barillet.—Die Federhausausdrehung.]—The sink, cut either in the top plate or the pillar plate of a watch to give freedom to the barrel.

Barrel Hook.—[Crochet de barillet.—Der Federhaushaken.]—A pin in the barrel to which the mainspring is attached. Sometimes the attachment is made by a hook on the mainspring fitting into a hole in the barrel. (See Mainspring.)

Barrel Ratchet.—[Rochet de barrilet.—Das Sperrad(Federhaus).]—A wheel on the barrel arbor kept from turning back, when the mainspring is wound, by a click pivoted to the watch plate or bar, which thus becomes the resisting base for driving the train. By means of the rachet the lower turns of the mainspring may be set up as required for adjustment.

In going-barrel watches there should be some provision to allow a slight recoil of the ratchet after winding, and where the stopwork is omitted this is essential to avoid banking error after the spring has been tightly wound. Sometimes a little play is given to the screw in the click hole for this purpose, but many special forms of clicks have been devised to permit a slight recoil of the mainspring. Among the best is the one by Mr. Walsh, which is here shown. When the rachet wheel is turned in the direction of the arrow, as in winding, the click proper is lifted out of the wheel by the straight arm, and when the wheel is released, it goes back before the click is engaged. The amount of this recoil can easily be regulated by the amount of the intersection of the straight arm with the wheel.
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Bascine Case.—[Boîte bassine.—Abgerundete Form des Gehäuses.]—A form of watch case in which there is no bead or projection on the outside of the cover.

Bastard Cut.—[Lime bâtarde.—Mittelfeiner Feilhieb.]—A file between rough and smooth.

Bearer.—[Contre-charnière.—Der Scharnierträger.]—A piece of metal soldered to the “ middle” of a watch case as a support for the joint.

Beat.—[Coup.—Schlag.]—The blow of the escape wheel as it falls on the pallet or locking surface.

Beat Pins.—[Die Abfall. Einstellschrauben (Pendel).]—Small screws to adjust the position of the crutch with relation to the pendulum. In a gravity escapement the pins at the end of the gravity arms that give impulse to the pendulum.

Beckett.—(See Denison.)

Bell Crank Lever.—[Levier à équerre.—Der Glockenzughebel.]—A lever whose two arms form a right angle.

Bell Punch.—[Poinçon à centrer forme entonnoir.—Der Mittelpunkttreffer.]—A centring punch set in the centre of a conical shield. If the shield is placed over the end of a rod, and the punch struck, the centre of the rod is accurately marked. This is especially useful for centring pieces that have to be turned in a lathe with male centres. The Bell Punch shown in the figure has a spring to return the punch.
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Bench.—[Etabli.—Der Werktisch.]—An excellent arrangement of a watchmaker’s bench and lathe by Boley is shown in the cut below. His stool, capable of adjustment to height, is very convenient. Mahogany is the material most often used for a bench ; but birch, beech, and many other kinds of wood are suitable. Cedar should never be used either for bench or drawers, for it exudes a sort of gum, which forms a sticky deposit on work and tools, and rapidly spoils any lubricating oil that may be exposed to it. Some watchmakers sit and some stand to their work. Others just rest the body on the edge of a high stool and assume an attitude between sitting and standing. There is no doubt that continuous sitting is bad, and a good medium height for a bench which will allow of either sitting or standing, and be right for working at the lathe is 3 feet 7 inches, and if the bench is about 4 feet in length, and 22 inches in width, it will afford ample room. The stack of drawers on the right hand should be 13 or 14 inches from front and back, and graded in depth, the deepest at bottom as shown. The top three may with advantage have divisions running diagonally from the front right-hand to the back left-hand corner. These will be found handier for picking up a tool than the more common rectangular partitions.
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Benzine.—[Benzine.—Das Benzin.]—A hydrocarbon obtained from coal tar. It is an absorbent of grease, and is used for cleansing watch work. It should not be used close to a gas or lamp flame. A glass pot like the sketch is used to contain the benzine for immersing the article in. The cover should be well fitted, or the benzine will evaporate. Dirty benzine may be again rendered fit for use by filtering it through animal charcoal. Mr. Arthur Webb stops the end of an ordinary pint glass funnel with paper, and presses therein calcined bone dust till it is about three-parts full. On the top of this is poured the benzine to be filtered.
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Bezel.—[Lunette.—Der Glasreiƒ.]—The internally grooved ring of a watch or clock case that contains the glass.

Bezel Clearer. —This is for clearing the groove of a bezel to facilitate the fitting of a glass. There are two guides and one file-like cutter. When the guides are adjusted to the groove the cutter is drawn in by means of the screw and the tool rotated. It is recommended that the bezel be shut when the clearer is used.
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Berthoud Ferdinand (born 1727, died 1807, an eminent French watchmaker, author of Essai sur l’Horlogerie, Traité des Horloges Marines, Histoire de la Mesure du Temps, and other works containing a mass of useful information concerning the history, theory, and practice of the horological art, dealing with Harrison’s, Sully’s, and Le Roy’s inventions, and, indeed, everything known in Berthoud’s time.

Blind Man’s Watch.—[Montre pour les Aveugles.—Uhr ƒür Blinde.]—A watch in which the progress of the hands may be ascertained by touch.—One of the most simple plans is to put a short hour hand between the inner and outer bottoms of the case, and twelve knobs on the inner bottom arranged in a circle just outside the path of the hand. The subdivisions of an hour can be very closely estimated after practice from the position of this hand. A more usual device is to place the knobs round the band of the case, and to have a pointer on the outside of the outer bottom. This pointer, pivoted at the centre of the outer bottom, does not travel with the going of the watch, but may be moved easily till its position coincides with the hour hand of the watch, when its further progress is arrested. There is a large motion wheel turning once in twelve hours above the top plate, carrying a finger arranged like the passing spring of a chronometer detent, and it is this finger that catches a stop on a prolongation of the arbor of the pointer when the latter is turned the way the watch is going. But when this finger follows the stop on the pointer, as it does in the going of the watch, it passes easily without obstruction. The objection to this form of touch watch is that if the pointer is pressed hard against the finger, it is apt to advance the hands of the watch.

Another plan is illustrated below. There are knobs on the band of the case for the hours, with the spaces between divided into intervals representing five minutes each. The dial of the watch is somewhat smaller than usual, and outside of it is a movable ring having a little pointer fixed to it. The edge of the dial has fine teeth cut round it, and pivoted to the under side of the movable ring is a click to take into these teeth, but kept away from them by a very weak spring. The hour hand extends a little beyond the dial, and if the ring is turned round till the click meets the end of the hour hand, the hand sends the click into the teeth, which then take any pressure which may be put upon the ring.
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Blowpipe.—[Chalumeau.—Das Lötrohr.]—In its simplest form a tapered tube, from the smaller end of which a stream of air is projected into a flame, serving the double purpose of supplying it with oxygen and directing it to some particular point. The larger end of the blowpipe is held in the mouth, and the intensity of the current may thus be regulated with great nicety, which is of much importance in soldering. The blowpipe shown in Fig. 1 has a hollow bulb introduced to arrest any moisture from the mouth. In another arrangement air is alternately admitted into and ejected from an indiarubber ball squeezed by the hand. Fig. 2 shows Barthel’s soldering lamp, which is automatic, with but one spirit reservoir, and most effective. For melting metals a bellows worked by the foot is often used to supply the blast to the blowpipe.
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Fig. 1.
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Fig. 2.




Bluestone.—[Pierre à eau.—Der Wasserstein.]—A fine grit soft stone used for giving a surface to brass before polishing.

Bluing.—[Bleuir.—Das Anlassen.]—The process of changing the colour of steel by heat. The articles to be blued are placed in a bluing pan, which is held over the flame of a lamp and protected from draughts or currents of air. The bluing pan should be well warmed to disperse all moisture before the work is placed on it. Many pieces to be blued are not sufficiently flat on the under side to become equally coloured on a flat pan. If fine brass filings are laid thickly in the pan, and the part to be blued is pressed into them, the colour will then be more even. (For bluing temperatures, see Tempering.)

Steel for bluing should be finished with medium red stuff, and the last few rubs given not with a metal polisher, but with a piece of boxwood or horn and plenty of red stuff and oil. Pieces that have been cleaned in dirty benzine (i.e., benzine charged with oil) will become specky in bluing.

Difficulty is often experienced in bluing soft screws, but Mr. Kullberg tells me a good even colour may always be ensured if they are finished with a slightly soapy burnisher.

Bluing Pan.—[Revenoir.—Das Anlassblech. Die Anlasspƒanne.]—A piece of thin copper, shaped something like a fryingpan, in which steel articles are placed to be blued.

For bluing screws, an old barrel with holes drilled through the bottom is used. This is placed bottom upwards in the bluing pan, and forms a holder for the screws, the holes being of such a size as to allow the thread to pass freely through.

Bob.—[Lentille.—Die Pendellinse.]—The mass of metal at the bottom of a pendulum.

Boiling-out Pan.—[Casserole.—Der Auskochtiegel.]—A copper vessel shaped like a stewpan. It is used principally for tempeing steel articles by boiling them in oil, and for removing cement from pieces of watchwork by the same means.

Bolt and Joint.—[Charnière de mouvement.—Scharnier und Schlussƒeder.]—The contrivance for attaching a watch movement to a double bottom case. The joint is a hinge formed between the pillar plate and the middle of the case, and the bolt is a spring catch fixed to the pillar plate so as to snap into the middle of the case opposite to the joint. To get at the movement, the extremity of the bolt which projects above the dial is pressed back by the thumb-nail.

Bolt and Shutter.—[Entretien à volet.—Das Aufzugsvorgelege (Turmuhren).]—An obsolete contrivance for keeping clocks going while winding. During the going of the clock the shutter —a plate of metal—stood in front of the winding square, so that the winding handle could not be applied. In moving this aside to wind, a click supporting a weight engaged with the great wheel. A modification of the old bolt and shutter introduced by Sir E. Beckett, in which a toothed segment was substituted for the click, is still used in some turret clocks, but is inferior to the “ Sun and Planet ” and other maintainers.

Bouchon.—[Bouchon.—Das Futtter.]—Hard brass tubing inserted in watch and clock plates to form the pivot holes.

To Fit Bouchons.-After repairing the pivot a bouchon is selected as small as the pivot will admit, for the smaller the bouchon is, the neater will be the job. Open the hole of the plate or cock so that the bouchon, which should be previously lightly draw-filed at the end, will stand with a slight pressure upright in the opened hole of the plate or cock. Then with a knife cut it across at the part where it is to be broken off, so that it may break very readily when required to do so. Press it in the plate on the side the pivot works, break off, and then drive it home with a small centre-punch. In every repair of this nature, notice should be taken of the amount of end shake of the pinion, and allowance made by leaving the bouchon so that any excess may be corrected. To finish off the shoulder end a small chamfering tool like the sketch should be used. It has a hole smaller than the pivot one to receive a fine brass wire serving as a centre to prevent the tool changing its position while being used ; or the wire may be put through the bouchon hole, and then the hole of the tool may be left open. The above is a far more expeditious way than using the mandril.
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Bow.—[Archet.—Der Drehbogen.]—(I) A thin slip of whalebone or cane used to rotate the mandril of a lathe, a drill, or an arbor, by coiling a line attached to its extremities once round a ferrule or pulley on the object rotated ; this line, according to dimensions of the work, is of gut, horsehair, or human hair. (2) The ring of a watch case by which it is attached to the watch guard is also called a bow.

Bow Closer.—[Die Bügelspann Vorrichtung.]—For closing a keyless watch bow on the pendant, or putting a distorted bow into shape, the hollowed block and round lever shown answer admirably, being more under control than pliers shaped for the purpose. A bit of leather may be interposed to avoid marking the bow. The block is held in the vice, and the lever is long enough to give a sufficient purchase.

Bow Pivoter.—[Die Bügelzapfen-Fräsmaschine. ]—When fitting a new bow to the watch this tool is of assistance. There are several rose cutters of different sizes, and a suitable one may be at once selected and brought into position. The ends of the bow are in turn subjected to the cutter, and good pivots of uniform size formed instantly. A spring holder keeps the bow against the cutter.

Broach for Keyless Buttons .—[Der Kronenfräser.]—This will be found useful when fitting a new button or crown to a keyless watch, and when from wear the inside of the crown fouls the pendant. The cutting nose is slit after the manner of a split chuck, and the screw at the right hand will, when turned in the right direction, expand the cutter as desired. Holding the body of the tool in one hand and the button to be opened in the other, a few twirls do all that is needed.
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Turner’s and Platnauer’s Watch Bows.—Mr. Turner and Mr. Louis Platnauer have each patented a better method of attaching the bow to keyless watches than springing the ends of it into the pendant. Necks are formed at the ends of the bow, and in Turner’s hollow plug dovetails into the pendant and is secured by a screw placed where marked with a dot in the left hand figure. In Platnauer’s a thin metal cylinder (Fig. 2) with slots terminating in a bayonet joint is slipped inside the pendant so as to clasp the necks. If desired, the ends of the pendant may be passed through holes in a jacket on the outside of the pendant so as to form a turning or thief-proof pendant. In that case, a groove is turned in the pendant to receive the collars at the ends of the bow, and the cylinder is then slipped down outside of the pendant between it and the jacket.
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Fig. 1.
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Fig. 2.




Lange’s Guard Attachment.—Here the old style of bow is discarded. The winding pinion is fixed direct to the button, which is pierced to admit a loose shank secured by a nut at the lower end and carrying a small ring at the upper end for the attachment of the guard.

Box Chronometer.—[Chronométre de marine. —Das See Chronometer.]—Marine Chronometer.
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Boxing-in.—[Embôiter.—Das Einpassen des Taschenuhrwerkes in das Gehäuse.]—Fitting the watch movement to its case. A term generally used in connection with keyless watches, where it implies, in addition to the actual fixing of the movement, the fitting and connecting the winding stem or pinion, and the pushwork for setting the hands.

Brass.—[Laiton.—Das Messing.]—An alloy of about 64 parts of copper to 36 parts of zinc. A little lead is sometimes added for smoothness of working in the lathe. Hard brass called gun-metal is composed of 85 parts of copper to 15 of tin.

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 colour 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. The 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.

Brass Edge.—A brass rim fitted round the pillar plate of watch movements. It projects above the level of the plate so as to form a recess for the motion work, and beyond the plate so as to rest on the seat of the case. It also serves as an attachment for the dial. Rarely used in modern watches.

Bréguet, Abraham Louis (born 1747, died 1823), a French watchmaker of rare attainments and inventive power. Berthoud, who was Bréguet’s senior by two years, ends a brief notice of his brilliant contemporary thus, “ Il n’a rien publié.” Bréguet lived sixteen years longer than Berthoud, but unfortunately for us, it must still be recorded “ he published nothing.”

Bréguet Key, Tipsy Key.—[Clef Bréguet.—Der Bréguetschlüssel.]—A watch in which the upper and lower portions are connected by means of a ratchet clutch kept in gear by a spring, so that the upper part will turn the lower part in the proper direction for winding, but if the upper part is turned in the opposite direction, the ratchet clutch slips without moving or straining the lower part of the key. This form of key was patented in England in 1789 by S. B. Harlow.

Bréguet Spring.—[Spiral Bréguet.—Die Bréguet Spiralfeder.] —A balance spring in the form of a volute, the outer coil of which is raised above and carried towards the centre of the rest of the spring. (See Balance Spring.)

Broach.—[Eccarrissoir.—Die Reibahle.]—A long tapered steel cutter used for enlarging holes already drilled. Watchmakers incline to the five-sided shape, but a half-round broach really has a better cut and leaves a rounder hole. A fluted broach also makes a good hole. A very taper half-round is a good enlarger. The handle of a broach should be perfectly straight with it, and moderately stout ; if thin and springy, the hole will not be round. Paper wrapped round a broach is useful for ensuring roundness, especially with the five-sided variety. Bottoming broaches, used chiefly for verge work, have chisel-shaped ends. If a hole has to be opened very much, the work should not be held in the same position all the time, but turned round at regular intervals, and the broach withdrawn each time. A round broach is used for burnishing brass holes.

Brocot Suspension.—[Suspension Brocot.—Brocot’s Pendelaufhängung. ]—A method of suspending a pendulum so that it can be regulated from the front of the dial. Two chops, free to slide between guides, embrace the pendulum spring. A vertical screw running through these chops, and pivoted top and bottom in the casting that supports the whole, carries a bevel wheel at its upper end. The pinion taking into this wheel is fixed to an arbor running to the front of the dial and terminating in a square. By means of a key placed on the square, the chops may be drawn further up or let further down the pendulum spring, thus practically lengthening or shortening the pendulum.

Buff.—[Cabron.—Die Lederfeile.]—A polisher of leather. Soldiers’ old belts make very good buffs. French buffs are a soft kind of chamois. Sticks coated with emery paper are also called buffs.

Bull’s Foot or Box Bottoming File.—[Lime à sabot.—Die Bodenfeile.]—A circular file used for filing sinks and other depressed surfaces. The handle rises from the top and is bent over to a right angle.
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Burnisher.—[Brunissoir.—Der Polierstahl.]—A hard polished surface, generally steel, which is rubbed against metal to smooth it. The surface to be burnished must be free from scratches, which the burnisher would not remove, but render more distinct by contrast, and the burnisher must be kept highly polished, for the surface burnished can never be smoother than the burnisher. Burnishing polished pivots with the glossing burnisher preserves them from wearing. Very little, if any, of the metal is removed by burnishing in the ordinary way, although watchmakers sometimes use what are called cutting burnishers to form pivots. The cross-section of these burnishers matches the outline of the pivot it is desired to form, and they are roughened by rubbing on a lead block charged with coarse emery. The pivot is finished with a smooth burnisher of the same form as the cutting one. Silversmiths use burnishers of agate.
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Butting.—[Arc-boutement.—Das Aufsetzen in einem Eingriƒƒe.]—Two wheels touching on the points of the teeth when entering into action with each other. The tendency of pinion leaves to butt the wheel teeth when coming into contact is caused either by the bad shape of the teeth or the leaves, or by using a pinion of an improper size, or by the wheel and pinion being placed at an incorrect distance from each other. (See Depthing Tool.)

Button.—[Couronne.—Die Aufzugkrone.]—On pendant-winding keyless watches, the serrated knob by which the watch is wound.

Button Turn, which is used chiefly in Swiss watches, is a brass block pivoted in the index arm and covering the curb pin. (See Balance. Spring Buckle.!

Calcinas.—A compressed block of calcined bone and starch used for cleaning watch brushes.

Calendar Clock, Calendar Watch.—[Horloge à calendrier. —Die Kalenderuhr.]—A clock or watch that denotes the progress of the calendar. In a simple calendar, the mechanism has to be adjusted at the end of all months having less than 31 days. A perpetual calendar performs correctly at the end of the short months, and also during leap year
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Simple Calendar Work.—A simple calendar work is shown in Fig. 1. Gearing with the hour wheel is a wheel having twice its number of teeth, and turning therefore once in 24 hours. A three-armed lever is planted just above this wheel: the lower arm is slotted, and the wheel carries a pin which works in this slot, so that the lever vibrates to and fro once every 24 hours. The three upper circles in the drawing represent three star wheels. The one to the right has seven teeth corresponding to the days of the week ; the centre one has 31 teeth for the days of the month ; and the left-hand one has 12 teeth for the months of the year. Every time the upper arms of the lever vibrate to the left, they move forward the day of the week and day of the month wheels each one tooth. The extremities of the levers are jointed so as to yield on the return vibration, and are brought into position again by a weak spring as shown. There is a pin in the day of the month wheel which, by pressing on a lever once every revolution, actuates the month of the year wheel. This last lever is also jointed, and is pressed on by a spring so as to return to its original position. Each of the star wheels has a click or jumper kept in contact by means of a spring.

For months with less than 31 days, the day of the month hand has to be shifted forward.

Perpetual Calendar Work.—Figs. 2, 3, 4 and 5 illustrate M. Brocot’s arrangement of calendar, lunation, equation work. The various parts are planted on a circular plate, of which the inner side containing the pieces for indicating the days of the week and the days of the month, is shown in Fig. 3. Fig. 5 shows the outer side of the plate, which is devoted to the mechanism for producing the phases of the moon and the equation of time. To this side of the plate the dial (Fig. 4) is attached.

The calendar is actuated by means of a pin e fixed to a wheel of the movement which turns once in 24 hours. Two clicks G and H are pivoted to the lever M m, G is kept in contact with a ratchet wheel of 31 teeth, and H with a ratchet wheel of 7 teeth. As a part of these clicks and wheels is concealed in Fig. 3, they are shown separately in Fig. 2.

When the lever M m is moved by the pin e, the clicks G and H slip under the teeth, their beaks pass on to the following tooth, and the lever then, not leaning on the pin e, falls quickly by its own weight, and makes each click leap a tooth of the respective wheels of 7 and 31 teeth. The arbors of these wheels pass through the dial (Fig. 4), and have each an index which, at every leap of its own wheel, indicates on its special dial the day of the week and the day of the month. A roll or jumper, kept in position by a sufficient spring, keeps each wheel in its place during the interval of time which separates two consecutive leaps.

This motion clearly provides for the indication of the day of the week, and would be also sufficient for the days of the month if the index were shifted by hand at the end of the short months.
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To secure the proper registration of the months of 30 days, for February of 28 during three years, and of 29 in leap year, M. Brocot makes the following provision. The arbor A of the month wheel goes through the circular plate, and on the other side is fixed (see Fig. 5) a pinion of 10. This pinion, by means of an intermediate wheel (D), works another wheel (centred at e) of 120 teeth, and consequently turning once in a year. The arbor of this last wheel bears an index indicating the name of the month. The arbor c goes through the plate, and at the other end (see Fig. 3) is fixed a little wheel gearing with a wheel having four times as many teeth, and which is centred at F. This wheel is partly concealed in Fig. 3 by a disc (v), which is fixed to it, and with the wheel makes a turn in four years. On this disc are made 20 notches, of which the 16 shallowest correspond to the months of 30 days, a deeper notch corresponds to the month of February of leap year, and the last three deepest to the month of February of common years in each quaternary period. The uncut portions of the disc correspond to the months of 31 days in the same period. The wheel of 31 has a pin (i) placed before the tooth which corresponds to the 28th of the month. On the lever M m is pivoted freely a bell-crank lever (N n), having at the extremity of the arm n a pin (o) which leans its own weight upon the contour of the disc v, or upon the bottom of one of the notches, according to the position of the month, and the arm N is therefore higher or lower according to the position of the pin o upon the disc.
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Fig. 4.




It will be easy to see that when the pin o rests on the contour of the disc the arm N of the bell-crank lever is as high as possible, as it is dotted in the figure, and then the 31 teeth of the month wheel will each leap successively one division by the action of the click G, till the 31st day. But when the pin o is in one of the shallow notches corresponding to the months of 30 days, the arm N of the bell-crank lever will take a lower position, and the inclination that it will have by the forward movement of the lever M m will bring on the 30th the pin i in contact with the bottom of the notch, just as the lever has accomplished two-thirds of its movement, so the last third will be employed to make the wheel 31 advance one tooth, and the hand of the dial by consequence marks 31st, the quick return of the lever putting this hand to the 1st. If we suppose the pin o in the shallowest of the four deep notches, that one for February of leap year, the end of the arm x will take a position lower still, and on the 29th the pin i will be met by the bottom of the notch, just as the lever has made one-third of its course, so the other two-thirds will serve to make two teeth of the wheel of 31 jump. Then the hand of the dial will indicate 31, the ordinary quick returns of the detent putting it to the 1st. Lastly if, as it is represented in the figure, the pin o is in one of the three deepest notches, corresponding to the months of February in ordinary years, the pin will be in the bottom of the notch on the 28th just at the moment the lever begins its movement, and three teeth will pass before the return of the lever makes the hand leap from the 31st to the 1st.
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The pin o easily gets out of the shallow notches, which, as will be seen, are sloped away to facilitate it doing so. To help it out of the deeper notches there is a weighted finger (j) on the arbor of the annual wheel. This finger having an angular movement much larger than the one of the disc G, puts the pin o out of the notch before the notch has sensibly changed its position.

Phases of the Moon.—The phases of the moon are obtained by a pinion of 10 on the arbor B, which gears with a wheel of 84 teeth, fixed on another of 75, which last gears with a wheel of 113, making one revolution in three lunations. By this means there is an error only of 0008 day per lunation. On the wheel of 113 is fixed a plate (z), on which are three discs coloured blue having between them a distance equal to their diameter, as shown in Fig. 4 ; these discs slipping under a circular aperture made in the dial, produce the successive appearance of the phases of the moon.

Equation of Time.—On the arbor of the annual wheel is fixed a brass cam or “ kidney piece” (y), on the contour of which leans the pin s, fixed to a circular rack (R). This rack gears with the central wheel (K), which carries the hand for the equation. That hand faces XII. the 15th April, 14th June, 1st September, 25th December. At those days the pin s is in the position of the four dots marked on the kidney piece. The shape of the kidney piece must be such as will lead the hand to indicate the difference between solar and mean time, as given in the table under the head of time.

Manner of Adjusting the Calendar.—Firstly, the return of the lever M m must be made at the moment of midnight. To adjust the hand of the days of the week, look at an almanac and see what day before the actual date there was a full or new moon. If it was new moon on Thursday it would be necessary, by means of a small button fixed at the back, on the axis of the hand of the week, to make as many returns as requisite to obtain a new moon, this hand pointing to a Thursday, and after to bring back the hand to the actual date, passing the number of divisions corresponding to the days elapsed since the new moon. To adjust the hand of the month, see if the pin o is in the proper notch. If for the leap year, it is in the month of February in the shallowest of the four deep notches (o) ; if for the same month of the first year after leap year, then the pin should be, of course, in the notch 1, and so on.

Perpetual Calendar Watch.—The wheel H (Fig. 6), driven by the minute wheel, makes one turn in 24 hours and carries a movable finger, a, which by contact with a pin moves the armed lever D by its extremity p. This lever, which has its centre of motion at i, acts through its different arms. Firstly at c it moves the day of the week star wheel (7 teeth). Secondly, at b the star wheel for the day of the month (31 teeth). The finger a makes engagement and passes one tooth each day of the star wheel E (59 teeth), for showing the phases of the moon.
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The part of the mechanism which renders the calendar perpetual is composed of a wheel of 31 teeth F, engaging with


NOTE.—For this arrangement, which is, I believe, the invention of Mr. C. H. Audemars, I am indebted to the Journal Suisse. d’Horlogerie.



the star wheel c. This wheel, which makes one turn per month, passes at each turn, by means of the movable finger n, one tooth of the star wheel G (48 teeth), which latter by this means makes a revolution in four years. The circumference of account disc fixed to this star wheel corresponds to the months of 31 days, the shallowest notches to those of 30 days, and the four quarter notches to the month of February. At e, which is for February in leap year, the notch is hardly so deep as the other three quarter notches.




Each day, after moving the day of the week and the day of the month, the lever D, solicited by the spring h, returns its arm r to rest on the circumference of the count disc or in one of its notches according to the position of the disc.

The point of the piece u pressed by its spring rests on the snail k. Before the last day of the month it falls on to the small part of the snail, and then its action is substituted for that of the arm b ; the point of the piece u presses against the notch of the snail, and advances the star wheel the number of teeth necessary for the hand to indicate the 1st of the following month. It will be understood that the distance the point of the piece u falls is regulated by the position of the arm r on the disc or in one of its notches.

In the engraving the mechanism is set to the 1st December of the second year after leap year. The two pieces m and t are at the disposition of the watch wearer ; the first for adjusting the day, and the second for the age of the moon. The finger a is movable, to permit of putting the hands back without fear of deranging the mechanism. When the wheel H is turned back, the finger is arrested by the arm p, and, as it is sloped at the back, the pin carried by the wheel is able to pass easily, because the flexibility of the piece s permits it to give a little. The wheel should be the same diameter as the star wheel c.

Caliper.—[Calibre.—Das Kaliber.]—The disposition of the parts of a watch or clock. The arrangement of the train.

Callipers.—[Calibre.—Der Federzirkel.]—Two curved steel or brass fingers pivoted together to form a tool for measuring diameters. (Fig. 1.)

Callipers are used by watchmakers for readily observing if wheels are true. The wheel mounted on an arbor is held between the points of the callipers. A toucher made of brass or German silver with a passage for the wheel or balance to pass between is held against or attached to the side of the callipers. The part out of flat is detected by very gently turning the balance or wheel round, and noticing the spot nearest to the passage. To ascertain if a balance is correctly poised, the balance staff is centred between the points of the callipers and one limb of the callipers gently tapped, when if the balance is not in poise the heaviest part is drawn to the lowest position. The sinks in the limbs must not be too large or worn. In Fig. 2 is shown an adjustable link connecting the upper and lower portions. By means of this, after the limbs have been opened to suit any particular balance staff, the link can be set so that if the callipers are opened to remove the balance they can afterwards be closed to clasp the staff again without fear of damaging the pivots, because the link stops them from going beyond their former position. As a poising tool for fine work, jewelled callipers are preferable. The ends of the limbs of an ordinary pair of brass callipers may be straightened as in Fig. 3, and a hole drilled and tapped in each ; to these holes brass screws without slits in the heads are fitted ; the screw heads jewelled with good endstones and holes large enough to take any ordinary pivot. Some prefer V-shaped jewels instead of holes and endstones. One outside edge of the callipers is roughened, and when the tool is in use it is slightly rubbed with a screw-driver or other tool that may be handy, to cause the heavy part of the balance to travel to the lowest point. Plose’s pattern is a very superior kind. It has ruby pins, with polished sinks and an adjusting screw to prevent the callipers closing too far and causing injury to the pivot ends from careless handling. (See also Poising Tool.) The “ Excelsior ” callipers, having the limbs crossed as shown in Fig. 6, embody a distinct improvement over the ordinary kind. When held in the left hand, with the thumb and forefinger placed at opposite sides of the upper part, a slight pressure will close the callipers, while a pressure with the ball of the hand below the crossing of the limbs will open them as easily. That the old-fashioned callipers can only be opened or closed by the use of two hands is a disagreeable experience to every watchmaker, especially when the joint of the callipers works stiffly. Therefore this advantage in the “ Excelsior.”
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