












[image: image]









[image: image]









[image: image]









[image: image]







Contents


Introduction


1 The Beginnings of Mechanical Timekeeping


2 The Mechanisms of the First Clocks


3 The Early Clockmakers


4 Seventeenth-Century Developments


5 The English Golden Age


6 Finding the Longitude


7 Navigation Transformed


8 Provincial Clocks


9 Changing Styles


10 The Great Westminster Clock


11 Twentieth-Century Developments


Further Reading


Glossary of Horological Terms


Index




Introduction


The earliest mechanical clocks were probably built for medieval monasteries. The great Christian monastic orders, such as the Cistercians and Benedictines, did not recognise national borders; their allegiance was to Rome. Having Latin as their common language, members of these orders were free to travel throughout Christendom, so learning and new ideas spread freely across what we now call Europe. Water clocks and sundials were familiar objects, but we are unsure where the first mechanical timepieces were invented, or who built them. They were possibly developed in the twelfth century, but none of these early devices survive and what written evidence we have is not very helpful. The earliest surviving clock is in Salisbury Cathedral and dates from the late fourteenth century; it is well documented as being built by a group of Flemish craftsmen who worked in several monasteries.


From these early beginnings, English horological artisans became increasingly numerous from the sixteenth century onwards, thanks to an enlightened attitude to immigration. Protestant England welcomed skilled artisans in many trades escaping from troubled parts of Europe, particularly Huguenots and other Protestants fleeing persecution in Catholic France. By the seventeenth century, England was emerging as the main centre of clock- and watchmaking at the expense of Catholic France and the German-speaking states impoverished by a series of religious wars.


It is now generally accepted that the so-called ‘Industrial Revolution’ began long before the eighteenth century. Relative peace and prosperity encouraged trade and all kinds of manufacturing enterprises developed and flourished, spurred on by a new interest in experimental science and technology. English horology was always at the cutting edge of new developments, as timekeeping became ever more vital to an increasingly technological nation.




Chapter 1


The Beginnings of Mechanical Timekeeping


It has been a matter of some speculation as to why the Chinese did not invent the mechanical clock, considering that technology in China was far in advance of that in medieval Europe. Marco Polo and other early explorers regarded with wonder the achievements they witnessed on their travels to the Far East. It was, after all, the Chinese who gave the world gunpowder, paper, movable type and many other ingenious products.


Water Clocks


By the eleventh century, Chinese astronomers had developed complex water clocks to reproduce the movements of the sun, moon and selected stars. The name of Su Song, a brilliant scientist, diplomat and administrator, has come down to us as organising the construction of such a clock, which was completed in 1094. The document that Su Song presented to the Emperor Daozong, together with the completed clock, has survived, although the clock itself was carried away by the invading Chin Tartars in 1126, who attempted to reconstruct it without success.
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Su Song.





Shown overleaf is the original drawing from Su Song’s manuscript, together with a modern reconstruction. The clock was built in the form of a tower. It was driven by a wheel turned by buckets filled with a controlled stream of water, a method developed by the Chinese based on ancient Greek and Roman clepsydras. These were simple containers filled with water that dripped through a hole in the base, the passage of time being indicated by the falling level of the water against a scale on the inside of the container.
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A modern reconstruction of Su Song’s clock.





Although Su Song’s water clock was considered a wonder of its age, it represented a dead end in terms of the development of the clock, as it depended on an inherently unreliable timekeeping source. Keeping a reasonably constant flow of water to the device was a weakness with this type of clock and the Chinese made no further progress in this area of technology. By the time the Jesuits brought European clocks to China in the late sixteenth century, the great clock constructed by Su Song had been long forgotten.


The First Purely Mechanical Clocks


The earliest completely mechanical clocks are believed to have been developed as a practical solution to a problem in medieval European monasteries. In Islamic countries, sundials during daylight and simple water clocks sufficed to fix the times for religious obligations; however, Christian monasteries were looking for a better source of timekeeping, particularly in the hours of darkness.


It was believed that the ‘second coming’ would occur during the hours of darkness and a night vigil, later known as Matins, became an essential element of life in a monastery. However, as the centuries passed, the timing of services tended to be left to individual houses. By the eleventh century, the strict observance of monastic rules had often become less important than the pursuit of power and wealth.


The coming of the Cistercians, with their passion for order and strict discipline, changed all this. In their new isolated monasteries, they demanded a regular and punctual prayer cycle:




• Matins (during the night, at about 2am), also called Vigil


• Lauds or Dawn Prayer (at dawn, about 5am, according to the season)


• Prime or Early Morning Prayer (First Hour = approximately 6am)


• Terce or Mid-Morning Prayer (Third Hour = about 9am)


• Sext or Midday Prayer (Sixth Hour = about noon)


• None or Mid-Afternoon Prayer (Ninth Hour = about 3pm)


• Vespers or Evening Prayer (‘at the lighting of the lamps’, about 6pm)


• Compline or Night Prayer (before retiring, about 7pm).





Being late for worship was unthinkable and bells controlled every aspect of the monk’s life, including being awakened in the small hours of the night. Sounding the bell reliably for Matins must have been a matter of some anxiety for the Sacristan who was responsible. However, necessity is the mother of invention and the industrious and ingenious Cistercians solved the problem sometime in the thirteenth century with the invention of a mechanical timekeeper; this would sound an alarm to awaken the bell ringer to get the monks out of their beds at the appointed time. Unfortunately, none of these early clocks have survived and dating them is difficult because of the use of the term ‘horologium’ in monastic records, which could equally apply to other timekeepers, including sundials and water clocks. The word comes from the Greek horologion (time-teller), which gives us the modern term ‘horology’ – the art and science of timekeeping.
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Salisbury Cathedral clock, the earliest surviving mechanical clock.





The first detailed descriptions of clocks to come down to us are from the early fourteenth century. These clocks were highly developed machines, with bell-striking and complex astronomical dials. By this time, mechanical timepieces were well established in Northern Europe’s great monasteries and churches. The earliest surviving mechanical clock is in Salisbury Cathedral; it is believed to have been constructed in the 1380s.
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Astronomical clock, Prague.





Pride of place in many European cities was given to a public clock, often with astronomical features and mechanical figures – Jacks – which appeared and processed round to mark the hours. A splendid example that has survived to this day is in Prague and dates from 1410.




Chapter 2


The Mechanisms of the First Clocks


This chapter will cover the elements that make up the construction of the first mechanical clocks. It will then look in detail at the construction of two examples, the Salisbury Cathedral clock and Giovanni de Dondi’s clock.
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The Basic Elements


There are four main elements in the construction of all mechanical clocks:




• The power source A falling weight suspended on a rope wound around a barrel, or a coiled spring, provides the power to drive the clock.


• The gear train The power is transferred from the great wheel attached to the barrel to a group of gears known as the train, which drives the escapement.


• The escapement This device, in conjunction with the time controller, allows the mechanism to unwind at a fixed rate so that it can release a striking work that sounds a bell at pre-determined intervals.


• The time controller The earliest device to provide a way of slowing the unwinding of the train was an oscillating bar known as a foliot. This is a weighted bar caused to swing to and fro at a more or less constant rate by the escapement.





The detail of the Salisbury clock shows the various components in place. Note that the great wheel gears directly to the escapement and the length of running depends on the drop of the weight. Later clocks had more gear wheels in the train to extend the time between winding. The rest of the mechanism is the striking work, which will be described later.
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Salisbury Cathedral clock mechanism detail.





The Power Source


The Weight Drive


As we have seen, the first clocks used a falling weight to drive the gear train. The rope, or other form of cord, was wound around a drum attached to the great wheel. In order to raise the weight, the drum had to be provided with a ratchet system connecting the drum to the great wheel.
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The winding drum and ratchet wheel are a single unit. The great wheel is connected to the drum by the ratchet. When the winding square is turned, the drum rotates and the rope winds on to the drum, raising the weight. The click, operated by the click spring, locks into the ratchet wheel and connects the great wheel to the drum, driving the gear train.


Despite the simplicity of this power source, it had one disadvantage – the clock had to be fixed to a framework or on to a wall. A new power source was needed to make the clock portable.


Coiled Spring


The spring was one of the earliest inventions of humanity; prehistoric hunters well understood the capacity of the bow to store the energy of the arm and release it to propel an arrow. By 1400, metal springs were used in all kinds of devices and weapons. The invention of a spring that could be coiled so that it could be ‘wound up’ to store energy probably came from locksmiths. When released, the spring’s stored energy would provide several turns of rotary motion. By the mid-fifteenth century, spring-powered domestic clocks began to appear, but none of the earliest springs has survived; they were probably made from a strip of hammered brass. Brass can be ‘work hardened’ by hammering to make it more elastic than in its cast state. These early springs could only have powered the clock for short periods and probably needed winding twice daily. Iron was too brittle to make springs. However, if iron is alloyed with a small percentage of carbon, it produces steel, which can be worked in its soft state, then hardened and tempered by heating and quenching the metal to make it resilient and flexible.


Before the seventeenth century, steel was mostly used for the production of weapons and other cutting tools. Wootz steel – iron with a carbon content of around 1.5 per cent – originated in India and was widely exported to Europe and the Middle East in pre-Christian times, where it was often known as Damascus steel. Swords made from Damascus steel became highly prized for their strength and elastic properties; it was possible to bend one of these swords through 90 degrees without breaking. Early spring makers would have used the techniques of the swordsmith to hammer out a thin ribbon of steel, which would be hardened and tempered before coiling and enclosing it in a barrel.
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Making clock mainsprings, from the Encyclopédie de Diderot et d’Alembert, 1751–80.





The above illustration of mainspring making is from the mid-eighteenth century, but the method shown would have been much the same in the fifteenth century. We can see a forge for heating the steel and craftsmen hammering and grinding the metal into strips, before being hardened, tempered and coiled.


The outer coil of the spring is attached to a hook on the inside of the barrel and the inner coil is hooked to the barrel arbor. The arbor has a square section that allows the spring to be wound with a key. The square on the arbor also holds the ratchet wheel, which prevents the spring from running down.
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The problem with using a coiled spring as a power source is that it provides progressively less power (torque) as it runs down. This variation in power would result in poor timekeeping, so some form of compensation was needed to lessen this effect. Very soon after spring-driven clocks and watches were developed, an ingenious device appeared in the mid-sixteenth century.


The Fusee


There is a theory that the fusee was a device that may have originated in a type of tapered windlass used to tension powerful crossbows. A normal windlass was a cylinder turned with levers around which a rope was wound. If the cylinder was replaced with a cone, then the pulling power would be increased as the rope wound around the narrower part of the cone, providing extra torque as the tension of the bow increased.
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The spring is tensioned by a gut line wound around the mainspring barrel. As the fusee is turned, the line is wound round the fusee spiral, tensioning the mainspring. When the mainspring is fully wound, the fusee line pulls on the narrow section of the cone. As the spring runs down, it pulls on progressively larger sections of the fusee cone, gradually increasing the torque to the gear train and compensating for the decreasing power of the spring. Not all of the turns of the spring are used; when the fusee is run down, the mainspring is still under power so that the last turn or so is not used. Likewise, when the fusee is fully wound, the spring in the barrel still has a turn or so of winding left. This avoids the coils of the spring in the barrel becoming tightly pressed together, thus giving a smoother release of power. The system can also be ‘set up’ by varying the number of turns the spring is given when the fusee becomes run down, providing a little more or less power.


The fusee was one of the most ingenious devices of the period and it became an essential component of all precision spring-driven timepieces. Horologists soon learnt that by closely matching the shape of the fusee to the properties of the mainspring, it was possible to eliminate almost all variations in torque. During the eighteenth century, chains replaced the gut fusee lines for high-grade clocks and watches.
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Sixteenth-century table clock.





The early iron table clock illustrated here was made in Germany, c. 1580. It has a verge escapement and is powered by a mainspring and fusee.


The Gear Train


Two or more gears working in sequence are known as a ‘gear train’. In mechanical timepieces, a gear train has the dual purpose of:




• Transmitting the energy from the weight or spring to the escapement


• Transferring the beats of the time controller (for example, a pendulum) to the hands indicating the time.
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Cage gearing.





In medieval times, simple gearing, generally made of wood, was commonly found in various kinds of mills, transferring water or wind power to drive pumps and grindstones.
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Al-Jazari manuscript and reconstruction.





The earliest reference to ‘segmental gears’ – circular gears with peripheral teeth – comes from the Islamic scholar and engineer Ismail al-Jazari (1136–1206) in his Book of the Knowledge of Ingenious Mechanical Devices of 1206, which describes 50 mechanical devices with instructions for building them. The manuscript shows a drawing of a water pump and a modern reconstruction.


Early clocks generally used a combination of spur gears, that is, wheels with peripheral teeth and lantern pinions. The wheel teeth would be marked out with dividers and filed out by hand; the smaller pinions were made by inserting forged iron rods into a cage. This can be clearly seen in the fourteenth-century Salisbury Cathedral clock mentioned earlier.
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The complex gearing used in these early astronomical clocks showed, among other things, the location of the sun and moon, dates of eclipses, star maps, the current zodiac sign and much else. The origins of this method of displaying astronomical information using gears is lost in the mists of antiquity, but certainly long predates the first clocks.
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We know of complex gear systems from ancient Greece and in 1901 an object was discovered in a shipwreck off the coast of the Greek island of Antikythera, which transformed our knowledge of ancient mechanics. It consists of 82 crust-encased fragments of a bronze mechanism and the remains of a wooden box. At that time, the purpose of this machine was a mystery. However, with the aid of modern X-ray techniques, it has been possible to reconstruct the instrument, with its complex gearing consisting of over 37 bronze gear wheels; the largest of these is 13cm in diameter with 223 teeth. The gears are turned with a handwheel and various dials with pointers can be used to predict astronomical positions and eclipses in future decades, based on the calculations of the second-century bc astronomer Hipparchus of Rhodes. The chance discovery of such advanced use of gearing for mathematical calculations gives us a tantalising glimpse into ancient Greek engineering.


The Verge Escapement


The name of the earliest form of escapement probably came from the medieval use of the Latin word virga, describing a rod or staff carried as a symbol of office by one in authority, such as a verger. It seems to have first appeared in the thirteenth century and was the key invention in the development of clocks and watches. It has been suggested that it may have been developed from a mechanism for sounding bells.
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In the verge escapement, the two pallets are fixed to a rotating bar and are pushed alternately by the teeth of the crown wheel. In the illustration, figure A shows one pallet coming into contact with the wheel tooth; the pallet is pushed anticlockwise as the wheel rotates and the tooth escapes. Figure B shows the opposing tooth locked on to the other pallet and beginning to push the bar in the opposite direction until this tooth escapes and brings the opposing pallet into contact with the opposite tooth in Figure C. Thus, a rocking motion is set up, with the bar oscillating through about 60 degrees.


The Time Controller


The Foliot


The first description of this oscillating bar probably comes from a poem written in 1369 by Jean Froissart, in which he uses the word foliot (from the French follet – to dance about madly). The poem ‘L’Horloge amoureux’ describes the various parts of a clock compared to aspects of love. The illustration shows a foliot suspended on a rope, allowing the assembly to twist. The rate of oscillation was adjusted by moving timing weights along the foliot bars: moving the weights outwards would result in a slower rate; inwards would make the clock gain.
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Salisbury Cathedral clock foliot detail.





Striking Mechanisms


The earliest surviving clocks all have striking mechanisms; indeed, the word ‘clock’ comes from the German glocke – bell. As the invention of the mechanical timepiece was probably for the purpose of sounding a bell, it would seem that some kind of device to strike a bell was part of the earliest mechanisms. If we look again at the Salisbury Cathedral clock, we see that it is divided into two sections, one for timekeeping and the other for sounding the hours. All of the earliest surviving clocks use some variation of this arrangement. These early clocks did not have a dial – their function was simply to sound each hour by striking a bell for the appropriate number of blows. During daylight hours the clock could be set using a sundial, leaving the mechanism to run on, striking the hours to ensure that the various divine offices happened at the appointed times, particularly Matins in the early morning hours.


The Salisbury Cathedral Clock Striking Mechanism


As it is the earliest surviving example of a medieval clock, it is worth looking in detail at the Salisbury Cathedral clock’s mechanism, bearing in mind that by the late fourteenth century, clock mechanisms must have been under development for over a century.
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The timekeeping of all of these early clocks was controlled by a verge escapement with a foliot, as described earlier. This basic design continued until pendulum clocks and new escapements were developed in the seventeenth century. Designs of the striking work, however, became more sophisticated during the fifteenth and sixteenth centuries.
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Salisbury Cathedral clock striking mechanism.





Most striking clocks have an arrangement of levers and wheels that set up the mechanism ready to be released at a certain hour; this is called the warning. If you turn the minute hand of most striking clocks forward, you will hear a click slightly before the hour, then as the hour is reached, the striking train is released – this is the warning. The Salisbury Cathedral clock has a much simpler method of releasing the strike train and gets the job done with fewer parts. Although the actual release would not be as accurate as the later systems, it was entirely suitable for early clocks without hands.


The great wheel turns once per hour; the hoop wheel is part of the strike train and is locked by the locking lever against the hoop.




A. Shows the strike in locked position; the locking lever holds the loop. The strike detent (usually a lever that locks a wheel by catching its teeth) is being raised by the release pin.


B. Shows the detent, pushed by the release pin, swivelling to start raising the locking lever, which unlocks the hoop. The hoop turns, lifting the lever further and allowing the detent to fall away from the pin.


C. Shows the hoop wheel rotating, causing the bell to sound once per rotation. The latch lever is controlled by the count wheel (see the striking work diagram), which keeps the locking lever raised until the latch lever falls into the next slot on the count wheel, allowing the locking lever to fall into the gap in the hoop, stopping the strike train.





The diagram of the clock’s striking work shows the complete striking train. As described earlier, the strike train is held by the locking lever. The latch lever is locked into a slot in the count wheel. When the hoop wheel is released by the locking lever, the latch lever is also raised. The striking train runs, controlled by the fly until the next slot in the count wheel is reached, when the latch lever drops into the slot, causing the locking leaver to lower into the hoop, stopping the train. The hammer lever is connected to the bell to strike the hours, measured by the distance between each slot on the count wheel.


Count-Wheel Striking


As we have seen, the earliest striking systems used a count wheel to determine the number of blows struck each hour. At some time during the sixteenth century, a more advanced system was developed than that used in the early tower clocks; the main improvement was the introduction of the warning wheel. As explained earlier, at a few minutes before the hour the clock ‘warns’, and you will hear a click; this is the striking work being set up, ready to sound on the hour.
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English lantern clock, c. 1640.





The illustration is of a typical early seventeenth-century lantern clock. The mechanism is divided into two parts; the going train is directly behind the dial, with the striking work at the rear. The main components are shown in the diagram.
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The illustration shows the components of a typical count-wheel striking system. The great wheel is driven by a weight or mainspring and has a series of pins that lift a hammer to strike the hours. The rear view shows the count wheel, which is geared to the great wheel and controls the number of strikes. The front view shows the locking lever (red) locked into a gap in the hoop (violet), which turns clockwise once per single strike. The minute wheel is part of the going train and turns clockwise once per hour; it lifts the warning lever, which starts the striking sequence that begins with the warning.




[image: image]





Also illustrated here is the striking work in the warning position, ready to be released to commence striking. Note that the minute wheel is lifting the group of levers (blue) and the centre lever has lifted the (red) locking lever, which has two functions: one, to release the hoop wheel; and two, to lift the locking lever from the count wheel. The rear view shows that the warning pin (yellow) has moved anticlockwise to lock against the blue lever. The striking train is now being held ready to commence working when the minute wheel has turned to exactly the hour. At this point, the blue lever drops and releases the warning pin. This sets the strike train running until the next slot in the count wheel is reached, when the locking lever (red) falls into the hoop and locks the train until the next hour.


Giovanni de Dondi’s Clock


All of the previously described elements can be found in the earliest surviving detailed description of a mechanical timepiece, which was written by Giovanni de Dondi (1318–89), who was professor of astronomy, logic and medicine at Padua University. In his Tractatus astarii of 1364, he describes an astronomical clock that he had constructed between 1348 and 1364. Most of the manuscript concerns details of the various astronomical and calendrical indications, and although it gives a brief description of the clock’s workings, it is simply described as ‘a common clock ... with the usual beat’. This implies that a detailed description was unnecessary because basic clock mechanisms were so well known at that time.
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Giovanni de Dondi manuscript, Tractatus astarii.
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Reconstruction of de Dondi’s clock.





The detail from the manuscript clearly shows the verge escapement with a wheel-shaped time controller, rather than the usual foliot. It has been possible to build a working reconstruction of this clock from the description in the manuscript.




Chapter 3


The Early Clockmakers


Craftsmen have constantly developed specialist tools and equipment. A master was paid to introduce his apprentices to the ‘secrets’ of the trade; innovations were generally closely guarded and few details of how early clocks and watches were made have survived. Horologists of the sixteenth and seventeenth centuries produced intricate and beautiful devices, seemingly with the aid of simple hand tools. Descriptions of the tools and equipment they developed are rare, so we need to treasure what few sources survive to shed even a little light on the work of these early artisans.


Clockmaking Tools


Files and Saws


The steel file was one of the most important tools in clockmaking, as it was in other crafts, such as making locks and weapons. Archaeologists have discovered bronze rasps from ancient Egypt dating from 1400bc, and from the seventh-century bc iron rasps are known to have been used by the Assyrians. Advances in steel making by the Middle Ages resulted in the development of hardened steel files, which were very similar to modern files. File blanks were originally forged, then the teeth were cut into the surface with a chisel. The file was then hardened by heating and quenching the steel.
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File maker from the Housebook of Mendel, Nuremberg, 1554.





By the sixteenth century, file-making had reached a high degree of perfection and skilled craftsmen could produce small precision files with teeth numbered in the thousands. The illustration shows a complete workshop with a forge in the background. The file cutter uses an angled hammer to strike a chisel made from high-carbon steel – another hammer can be seen beside the anvil. The file blank, in its soft state, was held on a lead block with a strap, which was tensioned with a lever operated by the artisan’s foot. When it was finished, the file was heated to a high temperature in the forge (this is shown in the drawing), then quenched in oil or water to harden the steel.




[image: image]


File cutter’s hammer, English, nineteenth century.





File-making became concentrated in several areas, including Nuremberg in Germany, Florence in Italy and Sheffield in England. By the sixteenth century, the Lancashire town of Prescott had also become renowned for the quality of its files. The file cutter’s hammer in the illustration is from the nineteenth century, but is identical to those in the sixteenth century; Sheffield makers used it to cut files in exactly the same way as the Nuremberg file maker.
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Files from Encyclopédie de Diderot et d’Alembert, 1751.





The Encyclopédie de Diderot et d’Alembert of 1751 is one of the earliest sources of detailed drawings of many tools, including files and a piercing saw (Fig. 1). Tools such as these would still be familiar to artisans today.
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Saw maker, sixteenth century.





Saws have an even longer history. Copper saws from as early as 3000bc are known to have been used in ancient Egypt to cut stone using quartz sand as an abrasive. Later, steel saws were made in a similar way to knives, with teeth filed into the edge before hardening. Fine saw blades were developed, probably by clockmakers in the sixteenth century for use in piercing saws to cut out complex shapes from sheet metal, such as crossing-out wheels – cutting out the metal between wheel spokes.


Drills


The earliest type of drill, the bow drill, was well known to the ancient Egyptians and in one form or another, has been used until the present day. The ancient Egyptian bow drill shows the operator spinning the drill bit with a bow, whilst his assistant supports the upper end of the drill with a wooden block.
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Ancient Egyptian bow drill.
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Drill types from the Encyclopédie de Diderot et d’Alembert.





Various types of hand-operated drills were in use by the sixteenth century. The illustration from the Encyclopédie de Diderot et d’Alembert (Figs 40–42) shows simple bow drills with pulleys attached. The drill bit was held in place with a block placed at A, the bit B was placed on the work and the bow string wound around the pulley. Fig. 43 shows a pump drill still popular with jewellers today; the flywheel B helps with stability.


Turning


Many parts of a clock or watch, such as wheels and pinions, were turned in the same way as furniture makers produced items such as chair legs. Turning was an essential skill to be mastered by an apprentice watch- or clockmaker. The illustration of an eighteenth-century watchmaker shows him using a bow in his left hand to spin a small part between centres. He uses a cutting tool called a graver in his right hand to remove metal.
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Eighteenth-century watchmaker.
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Egyptian two-man lathe.





This way of turning is simply a precision form of the earliest method of producing cylindrical objects developed over 3,000 years ago. Images have been discovered from ancient Egypt, such as the two-man lathe shown here from the tomb of a priest, c. 300bc. This shows one man spinning the object to be turned between centres with a rope, whilst the other holds the cutting tool.
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Pole lathe, 1554.





Various types of lathes were familiar to the ancient Greeks and Romans, and by the Middle Ages pole lathes for turning wood and other materials would have been in regular use. A single operator using a foot treadle attached to a sprung pole could turn out items like chair legs with great rapidity.
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Set of turns.





The use of turns to make and finish parts such as wheel arbors and pillars was practised well into the twentieth century – a skilled craftsman could produce work of an incredibly high standard with this simple tool.


CLockmakers in Medieval England


The makers of the early tower clocks for religious houses were probably itinerant craftsmen who set up on site, bringing with them specialist tools and materials. Most monasteries would have had a forge and blacksmiths on hand to provide facilities for fashioning the ironwork of the clock as it was constructed. The accounts of Salisbury Cathedral show that the Bishop of Salisbury, Ralph Erghum, in the mid-1380s invited three clockmakers from Delft, Johannes and William Vrieman and Johannes Lietuijt, to construct the Salisbury clock. In 1386, a house was provided for the clock keeper. The same team was sent to Wells by Bishop Erghum in 1388 to build another clock there; this clock is now in the London Science Museum. It is also believed that designs, or possibly complete clocks, were imported from the Low Countries in the late fifteenth century and a number of these clocks, known as the Dover Castle Group, have survived in the south of England. Many of these early clocks had elaborate astronomical dials.
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